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Preliminayy Design Approach

{Air-to-Surfece Missile Sirategle Weapen System)

In a recent lecture perind, Dr. Welmers discussed the methodé employed in an
operational analysis. Theses analysis techniques are particularly valuable when
conducting a study program to define a system possessing optimum characteristics
for accomplishing a certain job, since the facturs used in the analysis can be

applied uniformly to each of several desirable systems in an expeditious and

" ‘economic manner to detarmine the relative merits of each system,

Today I would like tc considar this application of operational analysis; a
study program designed to define an optimum weapon system, As a specific example
I will take a study program recently completed at Bell aircraft,

In Juns of 1953, Bell undertook a study progre;m for the Air Force to investis
gate and define an optimized air-to-surface miszile weapon cystsm. This system
¥ss to be centered around a B-l7 bomber, but was to be so defined as to be useabls
with a B-52, and was to bs limited to those components, technologies and syatems

which were sufficiently advamnced to permit operational use in 1958, 4 broad

's.pproach was desired indicating the necessity for study of familiss of misslils

designs, guidance methods and opsrational tactics,

It 1s epparent that any such study must be started by determining the objectives

1o be accomplished, There probably i3 no system which is truly optimuwm with respect
to all possidble paramsters, Such a system would ccat almost nothing to precure,
have infinite accuracy, bn-conxpletaJ?y reliabla, and complately destroy all targsts
without losa of human 1ifs, This of course ia practically impogsibla, but wa can
asalsct sama of thass psu';a_mstera and optimizs the system with respsct to thesa

golacted parsmaters,
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For our particular study the parameters selected were minimum carrler and

crew losses and minimum missile expenditures. As you will ses later, this also

results in minimizing the cost of the campaign conducted, Having selected the
objectives of the study, the nexi step was to select and organize the variables
to be censidered into a compact plan of attack,

The objectives determined, we must pick an enemy ve wish to destroy, locate
tis military or strategic targets, and from either intelligence reports, compariscn
_w;'th our own «_iefense capg_b.ilities, or .shear hypothesis, assign probable deﬁ_'anae_ _
levels, To conduct thi‘s war we must have bases of operation, and these must bs
" selectsd,

We have said that we must study familiss of miésila designﬁ, guidance methods
and operational tactics, These ars obviously interrelatad since tha gvidance
method may limit ths maximum pracﬂcal range, which of course will affsct the
routes to the target and ultimataly the losses and campaign cost, The desired
..znissila and carrier ranges will ts suggested by the target complex and bases .
sglacted, The guldance system and warheads selscted will determine the kill
probability for those missiles reaching the target,

The guidanca syatdu may.also be an important factor in d.étemining the misaila
design and carrier equipmsnt, The compiet.e missile inetallation, derived {rom
these considerations and the snemy defenss capabilitiss assumed will enabls
dotanmination of the r'ni:ssija and carrier vulnsrability, psnstretion routés snd
optimua tactics for the cmnpaign 8tudins of mis.gils and carrier mlﬁbilitias
will be necessary to detertiine the attick r'équimd" to?destmy ths target cosplex,

These data cnn'tha'ri be used to figurs i';iie nliu;ber of gortisa yrequirad; ths
sxpectad carrier lonses and missils expendituras for the campalgn, and the total

campalign cost,
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This approach 13 used. for each cf the several families of missils designs,
guidance metheds, and operaticnal tactice, The results of these separate investi-
gations are then compared, and the best features of each systsm used to define an'
optimum system, These characteristics are then relnsevted into a|specific system
preliminary design to combine as many of them as possible into a specific design,
Evaluaticn of this single (or potentially ssversl) specific desigas eventuelly
seads to a smatisfactory definition of cur optimum system, Now, since the carrier
his been defined in our siudy objective, the system characteristics are roadily
cenverted inte mrisslla characteristies,

In our 2nalysls we considered an enemy target complax of 152 targets in 68
cities in Soviet Russia, considsring -certain warheads'and warhead z{fectivenass
criterin, Theso targets lie ?ithin an assumed dqfeq;e_pgrimej I establishsd at
or near the boundaries of the Soviet and Scviat satellite countzdies. The hasen
assumed for this operation were based on the B=l? range capabilitias and are
Iondon, Dharan, and Tokyo, The graph shows the amount of penetration into this
defended esrea required tn attack a glven éercantaga of the targeis selected, You
will noté that full tergat coverage raquiras penatration alightly in excoss of
800 nsutical miles, :

Ye were assisted in asiahlishing the Lnrget complex end dafense levels by
consultaticne with varicus Alr Forcs agencies,

The enepy rofense levela consldersd in *hls stndy wersof two major categoriess
first, each of the targrie wss assumad to be highly dsfendad lecally by enti-aircraft
guns, rockets snd mizsilea clustered about tha tergs%, The remcinder of ihe ares
within the defense parimeter was sazumes te be orotsctsd with ares dsfanpzes including
interceptors, OCl racar syatsms, etc, It was assumed that the level of the ersa

defenses was uniform throughcut the defendsd areas, Varioua levels of defenssas
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were considsred for both the local and area networks, Incidentally, these
networks were assumed to be discrete, that is, ne area dafenses in local defense

zones and vice-versa,

From thess assumpticns of defense levels, calculation of carrier and missile
survival 1s computed,

You will note that various sizes c¢f bomber groupa were asoumed to deéermine
the effects of defense saturation, and that the survival per alrcraft does increase
for lacreasingly large flights. Unfortupetely, this increase is not proportional
to the increase of carrier force, Similarly, the missile.survival can be computed
for %ha multiple launching case, It will be ncted that the probability of at
léaat'ono miéaile surviving under local defehse conditions is almost 100% for .
two migqiles/target. Note the reduction in probability that & particular missile
survives, which must. be considered if the method, or tactic ol attack is to use
decoy missilas, "

Having established missile and carrier survival probabiiity (or inversely
their vulnerabllity), we definsd missile reliability as the probability that the
nissile would travel the resguirad distance with the adcuracy specified without
accident caused by malfunction of any of ite components, Similarly carrier reliaz-
pility was dofinsd as the probability that the-carrier will travel 5cth inbourd
end ocutbound legs without component: fallure, The {nitial migsile roligbility is
gegured to de ,70. Once thes launching is satisfactorily accomplished, the prob-
ability of compeonent failurs during the timo tha missils i3 required to cporate is
small, Thug ¢he decronsa of reliability with incressing range 1s gradual, to a

value of sbout ,85 at 800 nautical miles;
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For carrier rsliability, we assumed that 3% of carriers uged in each_m;ssion
wore lost due to normal haza;ds.;é-tak;.off, landings, ete, It is of interest that
in I1ight refuelings will decrease carrier reliabilitises,

ﬁetg-l considaratiﬁn of.ﬂaﬁtic; employad and penetration routss is dspendent
on the characteristics of the missile system selected, and will, therefors, bs
de:arrsd until uftsr consideration of the various missile paremeters.

From the consideration of the target complex and enemy defenss levels

expested you will recall that a missile range of slightly over 800 nautical miles )

4 woul& requlre no carrier penétration of the defendad areas, This would aeam to

ba a legical inttial criteria for missile range. T have used the ferms initial
criteria intentionally, for we will see that although carrier losses due to pene-
tration dscreasae linearly with increasing missile rangs up to about 800 nautical
riles, ancthier factor should be considersd, As the missile range increases, tﬁa
accuracies of most types of guidan&s'systema detariorate, This decreasing accuracy
lowsrs the M1l probabilify for each strike, and rsquired more aqd more return {or
duplicste) missions to imsurs target destruction, :By flying return missions ﬁha
carriers survival probability again decrsases, 1hdicating that ths éptimum missila
rangs from standpoint of carrier losses will be a compromise dapendent on the guld-
ence accuracy, target compléx snd anemy defsnsaa,

In considering the guidance syateéa gveilable we compliled a list of degirable
charactsristics. .

The factors s conaldered important are listed herey good accuracy at extsnded
range, immunity to Jamaing in the vicinity of the target where jemming will probably
ba moat ssvere, a low altitﬁdn apprbach capability, 8 limited capability for
indlrect bomb demage aspessasnt endrecormaissance, ths.ability t; employ human
Judgement after lawich, and finslly requireménts for carrier squipmént whicn ﬁiz

availabls and practicezl to instgll in the selected cirrlers,




Next we surveyed thé guidance dystems which were either gompletely developed
or which would be completed within the required time pericd, These included ths
multi-axis inertial system, a rulti-axis irertial plus missile doppler radar
system, an automatic map matching system (ATRAN), three type of Rascal type
systers; a s’mple autopilot with radar steering, = single axis (range computing)
inertial sygtem with radar steering and a radar monitered simgle axis inertial
system, a loran or shoran system, and finally a radar monitored multi-axis
inertial system. To compare theze syatems, we merely checked sach system for
which a particular characteristic exdsted.

The milti~axis systems and componen*és available today will not provids for
neceesary accuracy at-thé long ranges desired., The system is jam proof, and
possegses a low altitude spproach capability, but since it has no eyes, does not
provide any I8DA or reconnazissance information. It is not controllabls alter
launch, The carrier equipment w.hich vould be required for launching with mitahle
initial heading snd velocity data is not av-ailal_)le today, but can be developad erd
this is further complicated by the lack of adegquate mep data for an apprzciabls
percentage of targats in the complex. .

When a doppler (or ground speed nwssuri:g) rader is sddad in the missils,
the stringent carrisr equipment requiremnnts are relaxed, and available carrisr
equipment will suffice. This system, howsver, still does not heve adsquate
accuracy at long ranges and sui‘fers in vhe r'aconnaiasance dapartesent as well,

An autematic map matching aystem (ATRAN) offers good accuracy at long
ranges, low altitude auproa\,h capability md will op‘.rntﬂs satisfactorily with
presently available carr*er eouipment.. It ca.n be Janmed, pos2eEsas N0 reccns

naissance and IEDA cepability and cannot utilize human intelligence efter launch,
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Purther, this system again Bufférs seversly from lack of sufficienﬁly accurate map

data - data which would have to be gathered on reconnaissance mizcions prior to

operationil employment, This is a seriocus defect when a "quick war' is contemplated.

The three Rascal type Systems which havi been demonstrated anc proven in the
present Rascal Objective T and I flight test are 211 adequate from the standpoimt
of IBDA and reconnaissance capability, possess excellent opportunity for employlrg
puman Judgement after launch and present no problems with regard to caz‘riar.a(mip-

-mants They do not, howéver, have adequals accuracy at long ranges, ' |

Ioran and Shoran systems provide low altitude capability and have a minimum
of carrier equipmsnt; but are extremely limited as regards ihe other desired
.cl{aracteristics, and are considpred unsuitable for the application,

From these foregolng Inveatigations, an approach of combining sevaral of the
best features of several systems was adopted, and the Radar Monitored Multi-axis
ingrtial system was proposeds As shown hers, thias sysiem mests sll of the desired
characteriatics stated, This system posegeseed the Jarmming izmunitisa and low
altitude capabilities of the multi-axis system, but utilize a radar system to extend
the range without affecting the acevracy and in additlon satlafy tbe n;mlajixlng
desire characteristics, It was synthesizad In this way.

Now at the altitudes enviaioned - that 1s launch at about 10,000 fost and
miesile flight at 60 to 70,000 feet, sarth curvaturs will, dotermine the rmximum
radar relay link range for dependable operation, This i3 ahout 100 fo 5C0 nautical
miles, This would limit the maximun range to considarably less than L nawticsl
miles to permit a radar steering |iyve systsm (ench a3 Rsscal) de tracksd down o

a reasonable altitude,
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A mulvi-axis inertial system on the other hand possesges suitable accurecies
{with the present state of the art) only to 300 to 350 nautical miles with the
accuracles of initial cenditions which weuld be available,

It immediately becomes apparent that a radar system useable to LOO nautical
riles could be employed to monitor the first pert of the flight and also be used
to enable a human oparator in the carrier to introduce flight path corrections,

Purther invesiigation showed that drifts and errors occurring during the
radar monitored portion of flight could be effectively cancellsd, resulting in
a range extznsion for the multi-axis inertiel system of about 300 nautical mdlsa
with very little degradation in accuracy,

Refererce to our target complex analysis shows that 91f of the enemy targets

can be reached with a 700 nautical mile missile range without rsﬁuiring penetration,

This waa adjudged a suitable compromise, since for the warhsads conaidered, 91%
cf all targets could be destroyed with a kill probability of 90% or better, a
probability adequate to minimize the fumber of repeat missiona,

In operation then, initial conditions of carrisr position, velocity and
hesding are computed by tha carrier navigation squipment and transmitted to the
missile multi-exis inertial systeil. The misails {3 then launched up to 8 maximum
rangs of 7¢O nautical milea rrom'the'ﬁsrggt at an altitude of about 40,000 fest,
During the first 40O neutical miles 6f {light, the mearch radar may be turned on
to make pesition checks ot'khowﬁ:points} ahd fiight path corrections introducsd
by the guidancs operator, During the £1ight the nissile follows a braquete flight
catn, climbing from €3,000 to ebout 70,000 fevt &5 the fusl load ia reduced,
After the last missile radar position check the migsile continuss on as an all

inertial flight, and may dive on the target in tuvo preset mannsrs; either a
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direct 60° dive on the target or by means of an alierrate low altitude approacﬁ.
When the terraln surrounding the target permits, tha low altitude approach has
the ad#antage that the missile remains undetected long eﬁougﬁ 8o that its
gurvival protability dud to lecal defense action 1s almest unity,

It is dmportant to nots that although the missile would have a range cap=
ability of 700 nautical miles, it can be used at amy range up to the maximum,
tnus accruing the advantsge of incJeased accuracy at the shorter ranges,

'Having proposed a guidance syﬁtﬁm and knowing the miésilé renge required,
the next gtep in the missilas design is logically a power plant investigation to
determine the best system for the proposed application. This is a loglcal stap
since the power plant and fusl space requirements will uvltimately have s large
hearirig on the sigy of the mis¥lle alrframeé, Oné &pproach here is a comparison
of weight requirements for the various propulsion systems for various ranges,

In the short range missile designed to have 8 £lxen Hach No, carrying a
given warhead {hers shown as either 1500 or 2600 1bs) it is apparent that a
liquid rocket power plant has welght advantages, due io the relatively light
engine, As thé rangs increases to sbout 150 nautical miles the weight of the
liquid oxidizer which must bs carried overcumes the low engine weight, and air
breathing enginsa provide a lighter {astallation, Althcugh not shown here in
the 100 = 200 mile runge for purposes of graphilcal ciarity, the Turbojet will
te superior for rangsa of from about 150 neutical milss to 500 nautical mileas,
Baycrd thia range the ramjet is theoretically superior, As a point of interest
you will note a considerabls difference in ths shape and slope of the curves for
rerjet and turbol)st opervation, Thls is largely dus to ths fact that with sxiating
turbojets, available e¢nginea have capabilities in discreta stsps. In general, when

additional fuel must be carried for longer ranges, additional thrust must be providsd
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to both carry the larger mass at the sams speed, and also to counteract the
increased drag due to the larger tankage - volume required. . In the ramjet case,
thesge effects are not as pronounced, since the z'anijet aiz;fréme 13 the ergins, ard
increases :Lri fuel volumes necessary .for long ranges increase the size of airfrime
and hence a136 change the size of engine resuliing in-a configuration which can
be designed to be near optimum for all ranges,

From these curves the ramjet hass definite superiority for our 700 mile
missile, Unfortunately, our restriction to uss of components which are presently
or will shortly be available legislates agninst'RamJets in favor of the more
common, more available and better known turbojets,

A very important consideration beyond the missile range alone is the effect
of the various propulsion systems on carrier radii, and ultimately on Weapon Systam
radii,

Hers the cerrier radil are shown as dotted._ lines, and the Weapon System
radfi ere shown solid. For ths case of liquid rocksts it 1s readily spparont
that carrisr radius fslls off very rapidly with increasing missils rarge due
to inhcréase missile weight.s This .resu.lts in only a small increase in total Waapon
System range for the increasing misaile ranges, The characteristics of the turbo~
Jet and ramjet missiles are sufficlently simllar to be lumped together, For thess
two configurgtions the carrier rading decveases quite slowly with increazing mdssile
range dus to ths welght/range advantages inhersnt in ths air broathing :,bt‘ snginsg,
This of course results in gregt]_.y increased weapon syatsm redii with inersasing
missile ranges, '

In order to arrive at this powsr plant swmary, it is obvious that, we &id

more than study specific propulsion system charactsrigtica, Actually we performsd

LY
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a rough preliminary analysis on some 55 possible missile designs. Only fourtaenl
of these showed sufficient promise to conaider further and two missiles of each
type u;zre finally picked for detailed:study. These were all designed primarily
for the 2800 pound special warhead. Before describing any of these missiles in

detall it would be appropriate to dascribe the general cheracteriatics of the

entire family:

First of all, missiles are of the bedy-wing type in both the pitch and yaw
plane, This arrangsment was chosen over the more comentional .tsv.il gf;c. or canard
configurations for the following reasons:

l, Interference between fore and aft surfaces is eliminated, This resulta
in linear staiic stability characteristics in both pitch and yaw planes
vp t6 high 1ift valued s well as reduced roliing moments in comblned
plane maneuvers. The demands on the autopilot and servo aystem are i

onged substantially with this arrangement,

2, Structural flight loads on the tody sre much smaller since the main
1ift is close to the centar of gravity. Thia results in substantial

structural weight savings, Ia addition, non-structural (quickly

removahle) accest doors becomd quits practical undsr these favorable ;
ccnditions,
3., The number of parts ara reduced considersdbly, e,g., surfzces, fittings,
actuators, etc. Thlzrssulta in decreased weight and cost,
In order to minimizs the drag in trimmed levdl fligh%, the missilsa wers
designed vo near nsutral static stability, This s also an ald in simplificetion
of the control system bscauwse only zmall control moments ure required to maneuver

the miasile, The wype 'of design is particularly well juatifled in non-piloted

i

o o, o




-pe -

missiles of this category because provision of a significant amount .of asrodmamic
stabili ty only reduces psrformance and neithsr provides simplicity nor incresses

the reliability of the system, It should be mentioned here that this very important
phase of ths study was investigated in detail using & representativs missile as

a model,

Roll and pitch controls are provided by balanced wing elevons; yaw control
is provided by the upper vertical surface which is pivoted at the aerodynamic
center, Because the missile is designed for a low value of directional stability,
the rolling moment produced by the proposed surfacs arrangsment is very small and,
therefors, easily handled by tho elevons.

The missiles shown herein are designed to accommodate a L8-inch diameter
rotating double pili-box antenna, installed in a near horlzontal position, sither
forward or aft of the wing, An alternate sids-looking antenna, 20 feet in langth,
can be installed on mont of the designs shown,

To lacilitate comparisens of the turbojat and fmjet deéigns, ths configura-
tions and data I will give correspond to missilsa designed for the aame rangs,

Ths ¢vo tufbojet mizsiles selscted uss the Jo73 and J=65 jeot engines,
Although a nuaber of turbojet engines proved suitable for uss, such as ths J-57,
J~71 end J-67, advanced versions of ths J-73 and J-£5 appsared to be most favorable
in regard to ovar-all missils performance and weight, In regard to availability,
each of the basic engines 1s opzrating at prasent, and in ssch inpstancs tbe
developmsnt programs, for thaess snzinas, apparr rsasonable in rsgerd to perform-
ance and weight, and compatibls with thes cperational date required,

Both misailes wsre designed for 500 nauhical miles range, laurnch xt Mach 0,3
et 40,000 feet, They sccslerate without suxiliary bosstara and clismd to crulse

at Mach 1.8 st €0,000 fest.
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Each horizontfl surface has 35 square fest, an aspect ratio of 2,5 and &
taper ratio of .5, The horizontal surfaces are a L% modified double wedge
airfoll section,

The vertical surfaces havs 11 square feat of area sach., The upper surface
is movable and the lower surface (containing the guidance relay antenna)is fixed,

The J-73 missile has an overall lsngth of 475 inches; a body dismeter of L5
inches; a wingspan of 203,5 inches, and an overall height of 147 inches, Its
weight empty 1s 68L2 pounds and launch weight .is 13,507 pounds,

The J-65 missile has an overall length of 1i57.5 inches, a body diameter of
L% inches, a wingapan of 203,5 inches and an overall height of 148 inches, This
missile is slightly heavisr than the J-73 version, having an empty weight of
7486 pounds and & launch weight of 1l4,726 pounds.

The missiles described require the usé of afterburning, although cruiss is
usually et less than {ull reheal, One nen-afterburming englns-misaile configura-
tion Was investigated in an effort to conserve langth, Since the thruat with full
afterburning is wore than twice the non-afterburning thrust, at high speed, a high
capacity engins i3 essantial if afterburmning is to be eliminated., Rough prelimlnary
results indicated that a J-67 powered configuration would provide satisfactory
cruise performance, However, the performance of this particular migsils was
dagraded considerably, dus to pevsral additive factors, in » rechéck of the mere
promising configurations, Thsvbauic idea 13 procticable, nevertheless, providad
san engine with higher thrust output were available,

The performancs charsctaristics givan for thess missiles az'e hassd on the uas
of fixsd inleta and ocutlets, whiech aT8 compromised batween the two extramos of

transonic accelsration and high apeed erulss. Twoepomition throw awsy typas of
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inlets, or variable inlets, and variable nozzles do not seem practical for this
application; calculations show that an increase of only about 15 per cent in fusl
load is required to compensate for the omission of sush more complicated and ldss
reliabls items,

Since the turbojet engine is started before launch 1t woﬁld be used to drivs
the alternator and hydraulic pump required for missile guidégca and control

compenents, Hers again, pre-launch malfunctions could be obssrved and suitabls

" action taksn, It should be noted that neither ramjet nor retket nigsiles provide

such desirasble characteristics in regard to engine starting snd aécassory drives,.
The engine, of course, uses the same type'of'fuel as the bomber, thus relisving

the logistic problem considerably, Engine reliability is enhanéed'significantly

also, sirce the engine can be ground tested easily,'unden static conditions, when-

aver dqsi?ed. Purther, engine maintsnance crews are alréady quiﬁa familiar with
turbojet power plant;, thus making cBecﬁbut éhd maintehéncé a mﬁch simplsr problam
a3 woll am eliminating the ground créé treining which would be nﬂééssary for othey
engine tynes, o

- Two basicelly dirfaranq't;pe of radjét missliles have basn investigatad in
gome detail, - ' _

Thesa are the ennular ducted body siﬁgls burner type and the twin ramjst

type with a non;ducted body. From weight and parrormanﬁa standpoints, neithsr
migsile has a particular advantage:ovér the othar, fccessibility to warhesd amd
guidance comporsnts 1s better on the‘n6n~ducted bbdy configuration, but on the
olhsr hand thers ars disadfanﬁagéa'idharént in twvin engine opefation aven though

thay have & common fuel and control system,
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Again both missiles were designed for 500 nautical miles rénge, a;d'lsunch
at Mach 0.8 at L0,000 feet. Yocu will note that external boosters are requursd
to accelerate the mivsiles t6 Mach 1.6, where the ramjet engines take over for
the acceleraﬁicn and climb to cruise at Mach 2,25 at abeut 70,000 fest.

The arsa of the horizontal surfaces is increassd to 32.5 square feet per
surface, but the ¥ modified double wedge airfoil maintains its 2.5 sspect and
.9 taper ratios, Both {he all-mcvable upper and fixsd lower vartical surfaces
remain at 11 square feet per Surface, - |

The ernular ductad body configuraticn engine is 50 inches in diameter and
is based oﬁ a 48 inch engine developed bty the Wright Aeronautical Corporation,
The overall missile length is 32l inches, body diametsr 53 inches, wingspan: 207
inches and overall height is 1lh2.5 inchés,

?he twin ramjet enginea are based on 28 inch diameter Marquardt Engines
scaled up to 35 inches. The missile has an overall length of 340 inchag, =
body diameter of U5 inches, a wingspun of 220 inches and an overall height of
142 inches, ‘

The optimum cruising Mach numbor was dstermined to be about 2,25 for thass
partislly self-accelerating ramjet misailes, Higher cruiszs Mach numbers requirs
the use of lurger rockst boosters since tha’ramjet take-over spasd i3 highsr,
The increase in welght due to this item is greater than the reduction in cruise
fuelj consequently, missiles which cruise at ¥ » 2,75 are sbout 500 pounds heaviag,
Thia phanomenon'is due mainly to the fact that rangss in the order of 5CO-TC0 1,
mi, are rather modersta for ramjst powered ﬁiasilaa. Increasing the rengs sub-
stantially would shift the optimum Mach numbers to higher valuss sincs the cruise

portion of the flighi would btecome increasingly impertant,
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An advantage of the ramjet missiles, in general, is that they are very
compact and can b2 carried semi-submeré_ed in the bemb bay, if desired. Onm
the other hand, a rather extensive investigation of the present and future
status of ramjet sngines indicates a strong possibility that new ranjet angines,
which would bs required for these missiles, cannct be developed within the
required time scale, ' .

The necsasity for rocket boosters to accelerate the miselle to the ramjet
take=-over Mach mumber results in additional loglstic, nmintene.m_:_a, and storsgs
problems as cormpared to the turbojet power missiles, which do not requirs hoostsre,

As mentloned befors, ram‘.je‘t mlssiles do nol provide practical low altitude
approach, For sxample, an approach of 10 ne mie at low altitudes will cause &
ra.rgeloas of' éppro:dm*csiy 200 n, mi. “‘I‘his cccur; r_nainiy becauss the character-.
1stics of ramjet enginas are much that flight Mach nusber must be kept to & high
value = the mlnisane 13 about M = 1.6 for the 'i;ﬂséﬂ.‘aﬁhcwn. This results in
unfavorabls combinition of Meeh ruber and s_ltitudé, iﬁeofar as rangs is concarnad,
The low altitude approach results in mre gevers inlat instabllity, temperature,
and structural problams. ' o

Only one rocket propulsion syﬁtain ;a"ﬂl be mntion-ad here, slthough eeveral
tschoro3 end systsms were considared in the orioinel analysig, This ﬁisgila L 7.1
dssigned for a rangs of 100 nautical miles s from J.a.unch at LO 000 fest st Mach
0.8, ‘ths boosi~glide Flight profils includea a oocat to Macn 3.7 at 71,500 fest,
glide to Mach 1.3 at 63,000 fee‘h and diw to dﬂt.matlon :Clti‘uuda.

Algo of the wingbody ca'zfiguration, its maximm dinunuioz.ﬁ indude 145 inches
length, 179 inches wingspen, L6 inch body d'l..nater and. 121 inch oversll height,

It has s8lightly smaller wing areas.
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The liquid propellant rocket missilas investigated in this shudy ware all
cf the boost-glide type, The use cf this fligh£ path, coupled with thrust-weight
ratios of 2, refinementss in asrodynamic design; and use of & rim air tuibine for
auxiliary power, provides a near optimum degsign for these migsiles.

Missile lengih was kept to the length shown in order {0 make & bomb bay
installation possible. For an external (Rascal type) installation a small
reduction in weight could be obtained by increasing ths body fineneaa ratio,

Mthough tha boest-glide missils type rspresents a significiint improvement
when compared to the boost-cruise type of rocksi missile, it is Shcun, in material
which follows, thst the improved rocket missile do not a@tiafy the perlformancs
requirements for an optimum missile system, ' |

The rocket missiles would provide satisfactory lov altituds flight character.
istics excapt that the rangs reduction for a 100 n, mi. high sltitude mizails i3
so graat that carrier penetration into the locel dofense would ba required,

Fram thess studies, it is apparsnt that the air breathing engines have definite
superiority over liquid rockek missiles {er the long renges deaired. Purther, as

previously atated, the ramjet developments are not sufficisntly advanced to rake

‘these engines available in the tims scels required, For thsse reasons the J-45 end

the Advanced J-73 turboiat engine confligzurations wers proposed,

For purposes of clarity, I'm going to briefly depert from the exsct chionology
of the study, A later exteonsion of this study progrem investigatad turbgjut pars-
formance in considerably greater detail, It wag deterrdred [lrom mechanic;l differs
ential compuber studies that for givan fuel leads, the J-72 configuration had about

\

50 n, mlles greatar range than the J-65 configuretion,
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Charicterfatids of cther turbojet engines were investigated, In addition
to the J-73 and Jj-65, the J-79, J-71 and J-57 engines were considersd.. To
facilitate ready reference to manufacturers daté{'the'manufécturérs designaticn
i{s given here, The engine paramsters at sea level and 35,000 foot mltitude end
Lwo Fach numbers are ccmpared, The values shown are cbrreﬁted for inlet lossss
and ars for & coﬁverganb—dive;gsnt nozzle ¢f 1.6 area ratio, It 13 apparent that
from a gize~welght-thrust standpoini, the J-75 i3 very attraciive, 4t the tims
of this study, however, the J-7¢ did noi leok to te available within the tims
gpan, Even so, & comparlscn of thess enginss was made for typlcal Kach 1,8
crwias 800 rawticel mile flights to determine the amounta of fuel required for '
sach of these air{rame power plant combinations,

Again 1t 2ppears that the J-79 has advantagss of both fuel requirements and
launch weighta, Gomparigons of this type, sven though the componants are currently
unaveilable, point out consideratlo advantagas in growth potential of given designs
and ers volvuable from this standpoint, Indications of the versatility of the besic
mizaile design 1s 2lso nighly deairable, both from a development and a production
visey polint,

A mors datailad basic missile design was made for the J-73 engine configuration,
hs multi-axis inertial guidance squipment L& shown installed in ths nozs and rosr
of the warhead compariment., Thé fuel tank 1d locatsd to colnedide with the missile
center of gravity to minimige C,0, travel during the flight. The horisental wing
18 located approximetsly at the canter of the fuselage zo that the C,Q, = contsr
of 1ift locutions insurs s near neutral stabiliny. A alngls inlet duct with a
modified 4f boundary laysr cortrol wedge is providsd, The possibilities of using
variabls or severzl throw-away ducts were considersd, but deemsd of insufficient’

value to justify the added complexity and cost,
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The search radar-antenna.is located just &ft of the wing carrythrough. Aa
we'lvs gaid before, this antenna is used only during the midcourse - constant
engle of attack portion of fligfit and doés not rieed to be pitech etabilized.

The particular configuratiocn shown here shows the growth potential cepability
of using an ATRAN monitored multi-axls inertial system when aultable ATRAN
ccmponents become available, For the radar monitored multi-axis systom this
unit is replaced with the command package which decodes and transfera guldancs
operater correction commands.

The J-73 turbojet is mounted slightly below the forward body centerline,
inclined slightly nose down, the hydraulic and glectrical powar éupplies for
the missils guidance and contzrol equipment are mounted on‘the sngine accessory
pads in the normal mahnar= The lower vartical-wing i5 hingsd to fold parallsl
to the horizonﬁal wing to provide the necssaary ground clearance whan the masils
1s mounted on the carrier airéraft.

Although the original study dealt mainly with the 2800 and 3000 pound warheads,
this later study indicated the dssirability of having a capability of using the
B400 pound special werhead, This cepability was incorporated by inatalling the
lighter warheads in the forward end of the warhead compartment and the hesviap
warhead in the rear of tha compartment, When the 2800 or 3000 pound parload
is installed, a removable fual tank is installed in the aft end of the compart-
ment, to provide the balance of the fuel nesded for tha 800 n. mils miseion. The
size of the 8400 pound werhead 1s sufficient to requirs the sntlre wzrhead coppart-
ment, and the resulting missils range is LOO nautical miles,

Initial structural design werk was concoyned with ths study of carizin strue-

tural problems, pertinent to the selection ol optimuwn missile structure, Blffort
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was concentrated on the center portion of the body since it appee.zjed that this .
po-rti;m mul;i dictate the most promising atructural erwmngemamt for ths entirs
body. } . . L . - . .
Five center todles were desigred, including aluminum alley atrncturas of
pure monocoqua anv_i semimonocoqus, and a plasilic structure of sandwich conatructlon.
From g comparison of the weight of thege designas, togethsr with a consideraiion of
Tabrication costs and difficulties, fuel tank sealing problams, structursl develep-
ment progrsms, 6ic., tha purs monocogue, alumitum alloy shell was selacted,
Studies ware also mede of thsuromazd ard of tha intaks duot whary problems
arise from the largs pressurs loads on thin, flnt surfaces. A satisfactory struce
tural configuration was ultlmtsly schisved by wsing longitudimal gantelaver beaus,
rather than frames, in this ssction. ' |
The various problsma of thsrmal strses, oresp, oreep buckiing, and other
phencmana resulting from high temperature operation fave bssn examinsd generally,
and s considsrad that no gerious difficulties sxist with the proposed mlssils,
Following the aforo-mentioned general studisa , & strectural cenfiguration
wae developed for the basie ndsgils, Sises and thicknessss were established for
the primry strmctural mstarial and a gupporting prelimirary analysis wms written.
i brisf desoription of the missile structure is given in the follolng maragrapha.
Ths wing 13 typlsal of thin, highly lssdad aﬁpssrwnic gurfacos in that it
kas its primary besrdirg structure of mmltiwsb songtrustion with mchined, tapsred,
aluminun alloy skins., The eldns sxtend in ons place m:mriha rear bean forvarmd
to the loading edge, ard from ths misalle centerline to tl?o tip. The sheer webo
ars shanrsl-section menbers of alumimue alloy, amd thras Thmmalmstsrxtin‘n ribs are
also included, one at sach allsron hings and one at the body atbechzent,
Tha ailercn i a simple, thres-piecs structurs conai""cinz of 2 singls 2lusdonm
cagting of the Intarmal bsam and ribs, to fmi.ci-g:_g:ﬂ bonded the two siims of 1/8

inch sluminum alloy sheet,
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The fuselage 1s primarily a ring-stiffened, pure monocoque shsll, circular
in section sxéept over the centér pcrfion where 1t ié deepeﬁ;d snd gifan EIEL
sides to accommodate the intake duct, Aft of the lsading sdge, ths intake duct
rises into the fuel fénk ;nd changes grgduali& froﬁ'a sémireciané;ia;-tov;
circular sectlon, Internal duct pressures are resisted by channel section frames
which also extend up into the fuel tank to carry fusl tank pressures, The wing
carry~-through structure and the search antenna are positioned beneath the duct,
and the resulting cut-out in the fuselapge shell is bridged by channel-seciion
longeroﬁé. Large structural doors.aré provided for warhead and-engina iéstalla-.
tion, and most of the fuselage structure is formed from 2LS-T6 aluminum alley,

The uppst vertical swrface is all.movesble, and is pivoted on:a 2 1/k inclh
diameter alloy steel ahaft, carried in bearings in ths fuselame, Thia shaft
extends up into ths va’rtica’l' surfacé wfere it changes to a rectangular sectinn,
forming the mein beam, The remaining upper surface structure consista of two
ong-plece alumimm eslloy skins, separated by solid magnesivm rita,
| The lowsr verticel surface is fixed in free flight, but is hinged on twe
root fittings to facilitats storags of yha miaailq on ths carrier. The primsyy,
structurs is of multiweb construction, using aluminum alloy skins which are
rachins-tapered in thicknsaa and three channal-aection gpamwise beaza, The
front and rear beams pick up the root hings fittings, whils the skins are sns
plece from root to tip and from lesding to trailing edgs.

To permit 2 cowprshgnsivs examination of tha structural zspecta of the
varlous configurationa, nn analysis of basic criteria and resulting mﬁjor dasign
loads had to be made, 4 repregentative configuration was used as ths axwanls,

and actuzl preliminary design loads were derived for use in strece analysis 2&d
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cubsaquent waiéht estimation, For other configurations, loads were obtainsd by
apblying'bhe ratios of gross weights and/br mements of inertia,

The selection of the design criteria_is'gqygrengd.by the target accuracy and
associated maneuver requirements, prcbable gust loads, and captive flight conditions,
DNata provided are: structural design weights, limit load Tactors,.and.idéfinitdon
of critical condition combinations, Maximum load factors of 3.Cg in pitch and
1.5z in yaw were selscted for missile free-flight-condition design,

it i3 interesting to note as an aside that about the time this =sscond study
wag cempletsd, it became apparent that the J-79 engine was coming aleong much faster
than the advenced J-73 engine, and that today wé think almost entirely in terms of
the J-=79.

The missile installatlon as datermined in the original study has not bsen
appreciably changed, .

iss to date of variouy carrisr-missile cohfigurationa have shown that
tha body mount.arrangement (similar to the pmséﬁi‘}ﬁascai) 18 the :ﬁoat proxdaing
for missilss over 340 inchas length for the B-L7 and L20 inches for the B-52
aircrnft.. 4 typical installation of this type 1s shown here,

in errangement wharsby the missilé is mounted on the wing in placs of one
of the wing tarks has scims merit for present B-47B and B-L7E models in that the
elimination of ons wing tank does mot reduca the amount of fuel thst caa be
carried, This location poasessas a further gdvantagé in that existing a£tach-
ments fenction adaquataly as a missils mount, On the other hand, longor-tanga
versions of tha E-47 ars bsing considered by tha USAF; thess airplanss taks off
at, and refuel, to higher gross wsights than preseni B-L7 models and would require
all available tankaéu for meximum radius, On these models, therefors, ths loss

cf a wirg tank would constitute an important disadvantage.
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Wing mount arrangements cn the B-52 do not appear very satisfactory, The
wing tank is much further outbeard and [urther aft, compared %o the B-h7.
Hountilng the misgile in place of the wing tank presents; -cénssquently,'ﬁ'oi"e
gevers lateral and longitudiral balance problems as well as increased align-
ment troubles, 4s with tha 3L7, {nboard, pylen-type wing mounts are inferior
to body mounts on meny scores and have nc; outstanding advantages,

Another possibility serious disadvantags cf wing mounted missiles, in genersl,
1s that on an aborted mission it may be nece3sary to jettison thse missile t& prevent
excessive landing loads on ths cutrigzer landing gsar and subsequsnt loss of the
aircralt, For testing purposes, missile weight cun be rsduced to 400D pounds-or
less and would not present the same problems, |

For misalles falling within ths length limitations menticned previously
(short range rocket miasilem and short or long range ramjet missilea), R s8mi-
submerged bomb bay location is possible; A small advantags of this arrangsment
+s Tound irn it8§ greater similerity of appearance to the usual gravity bombar than
is found when wing or body mownts are smployed. On the other hand losding the
missile gboard the carrier is mors complicated, becauas of the rather small
ground clearance, Tha upper £in (23 wall as the lower fin} will have to be either
foldable or readily removable, otherwize plt loading will bs requirsd,

Modifications to the carrler are also grsater; the bemb bay fuel tank, the
small fuselage fuel tank undsr the wing, ths shear degk, nnd boamb bay deors will
raquire modifieatiana. Although cartailn carvier modifications could be of a
psmaanent nature, reconvarsion back to.gravity bombing mizelons is more cempld-
cated than for ¢tha sxternal moust arrangement,

Towing the mizsile bahind either the fusslage or the wing pressnts many

gerious problemsz comparsd ho the arrangeménts mentioned previously, BSBecauss
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preliminary calculaticns indicate that ro important advantages have. been discovered

in the tow arrangement (probably because this wezpon system make uescf an exlsting

airplane}, less effort has been expanded.on inis type of design,

The extermal bedy mount arrangsment, as contrasted with other arrangsments,

offers the most satisfactory compromise to the over-all installation problem,

To sum up:

1, The drag is low on both logs of the carrier flight,

¢. The disturbance to longitudinal and lsteral balance is anall;

3. HModificetions to aircraft structurs and f{uel tenkage ars small,

bk, Loading the missile on the carrier is simple.

5, Access to the miasile, when placed on the carrier, is good,

6. Jccess to the carrier ralaﬁ antanna and cther equipment which is
located in the fres bomb bay area is excellent,

7. Similarity in mount to Rascsl will permit the use of much of thé
.exiSting.ground support equipment snd téchniques.

8. The least configurational demands ars placed on the missile,

a, Bedy length and fineness ratio are not predicated by any
arbitrary constraint, 2,g., boab bay length. Instead, a near
optimm [inzness ratio, considering both drsg and structural

welght, can be used,

b, The upper fin 1s not.rsquirzd to> be sasily removable or foldabls,

It ghould be noted here that a boumb bay installstion of the relay antenna

is preferable, for long range mlssiles, to-poiw aft locaiions, for two reasons,

Flrst, it provides forward as well as rearuei~! vision, The result i3 that the

cormunication link can be maintained with the carrier headed both towards and

away from the target, This feature is very desireble for long-range missiles
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preliminary calculations'indicate that no important advantages have been discovered
in the tow arrangement (prebably because this weapon system make uaecf an existing
airplans), less affort has besn expended on this type of deasign.

The external body mount arrangsment, ag contrasted with other arrangements,
offers the most satisfactory compromise to the ovar-all installation problsm,
To sum up:

1, The drag is low on both legs of the carrier flight,

2. The disturbance to longitudinal and lateral balance is smzll,

Modifications to aircraft structure and fusl tankage are smzll,

cading the missile on the carrier is simple,

Access to the missile, when placed on the carrier, is good,

[« S 2 U —a i WV}

Accesy to the carrier relay antenna and other squipment which ig
located in the fres bomb bay ares iz excellant,
7. Similarity in meunt to Hascal will pemuit ths use of much of the
existing ground auppor£ squipment and tachniques,
8, The least configurational demands arﬁ'placed on ths missile,

a, Body length and finensss ratio ;re not predicated by any
arbitrary constraint, a.g., bomb bay length., Instead, a near
optimum fineness ratio, considering both drag and structural
waight, can be used, ' o

b, The upper fin iz not.réquirsd to be easily removable or foldabla,

It should te noted nere that a bomb Bay inst&llation of the relay antenna
is preferable, for long range missiles, to more sfb.locationa, for two reasona.
First, it providss forward as wall as roarward vision, Tha resgult is that the
commaunication link can be méintained with the.carriar hended both towards and

avay from the target, This feature is ve;& desirable for long-rangs missilss
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‘whereas bstter vision to the side and rear is more important for shortrangs

missiles, Secondly, the larger relay antenna (L2" dismeter) required for the
longer fahge missiles can bé installed in the bomb bay w;tﬁ no modifications to
the basic structure, provided, as mentioned previously, the missile is externally
mountad, |

In regard to other guidence equipment on the carrier, the intent is to use
Raacal tschniquss and deavelopment whersver profitable, For sxample, 1t appezrs
poasiblé to use the B.L7 nnviéaték-bcmﬁardiar station in ite entiraty, as devised 1
for ﬁascél. The remaining guidance equipment can be installed in a capgule mountsd
in the bomb bey, similar to Rascal, or it may be prefarabls, bscause of the ssvars

cooling preblem for capsule-contained equipment, to mount the componsnta on racks,

Looking beck at our study plafi, w8 Have pretiy well completed the missils

degign and inatallation, determined our target complax, possible basag of opera-

tion and hypothesised the probable enewy dsfenss levels, We have gpcken briefly
of carriar and missils reliabilities and vulnerability, The remeining areas of

consideration are thersfore those of tactics and the actual weapon enalysis,

At the risk of soms slight repetition let's review the significant factors

affacting each of the various phassa of such an operation ard than consider our
specific probiam. We have doha seversal such analyses; ths latest was under a
continuation of the original study program, in wvhich mejor considerstion wasz '
glven to the B.52 as carrie;, and the proposea_missilo I have daveloped for you,
The numbsre I'11 give you today will be based on this latest analysis,

A. MISSION SUCCESS |

Conaidsr & wsapon system consisting of a warhead, & contaimsr for the warhead,
and a carrier to deliver this warhead package, The container may be either an

8ir-to-surface missile cor 2 gravity bomb; - the carrier 18 a B-52 bombar., The




-
ability ef the weapon 'system to destroy enisiy é?o'uﬁ'd” targets is dependent on
(1) surviral cf the carrier to a relsase poinf for the warhead package, (2)
survival of the warhiedd package from launcn to a suitusble datoﬂatioh'bbiﬂt and
(3) detcnation of the warhead, and destruction of the targst,
(1) Survival of carrier to launch (PS,L)
Thres factors should be considered in &stamininé' the .probabllity2hat a

carrier will arrive at a designated lsunch position, namely, the effects of enamy
defenses; non-combat hiezards sid carrfer relisbility. The encountering of non.
combat hazards, {s.g. extremely unfavorable wsather conditions, failurs o receive
adequat;e refueling subsequent to taks-off, etc,) or failurs uof carrier components
to ﬁmction.reliab];y mny‘ result dn an ebortsd miaslon 01"", in the extreme cage,
actual loss of the ¢carrisr. Bvaluation of air sbort ‘rates and carrier survival
of non-combat hazards is a diflicult problam, dus to the high dsgres of unprsdist-
ability associated with the cccurrence of ciusss leading to theze eoffects, In
particuler, it is difficult to anticipatse the pasychological rasaction of carrier
crsws to indicsations of equipment malfunction when faced with ths proapaet of
flying for a considerabls length of time itnrough ensmy defendsd territory prior
to release of a high yleld payload; Anothsr problem that becomes pertinent when
attompting to evaluate abert ratss la the diztribution of sborts with respost to
the amount of %ims that has elapsad botween takeoff and actual occurrense of the
abort, It is rsasonable to assume that = high per cent of all cerrisr component
malfunctions will occur relatively soon after taksoff, This 1z bazad on tha
philosopy that 2 greet number of fo!lursa are lnitial failures that result whan

a componsnt i3 firzt called upon to operate, end that a lirge majority of carrier

cemponents are indiinlly operated shortly after takeoff. For carrvisrs that fupction




rsliebly over this initial time intefval, &oﬁpcﬁanf.fhilura ratea are expééfad to
increase gradually as the operating time is fncreased. From a psychological point
of view, hovever; detection &f miror failures by a pilét will not resuit in abortsd

migssiona as often after the cel) has penstrated considsravly into enemy territory

as they will during initial entry into defended rsgions, In an analysis of
weapon system sffectivenssas, it becomas necessary to define an vperational factor
*po" to represent ths probability that a carrler will abort, For any cost analysis
it-ia;necassary to - evaluats &x¥risr lomses _ﬂﬁo; thersfore, will be ussd %o désig—
nats the probadility that an sborted mission will resuit in loss of the carriar.
"po" is primarily a function of time of flight "t. where t" 2 b, withs b o time
of fllght from taksoff to entry into snsmy dafended tarritory n
tz_’ time of flight during which sarzier is expossd {2 arsa defsn3as prior to relesss
of warhead papkags.
tj a time of fligh; durtng which csrrier iz sxpopsd 10 loczl defsnzen prior to
releass of Harhegd package, 4
th = time cair;ar must lolter, subject to area defenzss subseguent to releasa
of warhsad packags. Dgspite tha increasa in carvier vulnerzbility caused

by loitering in reglons covared by the enemy!s defensive forces, it

frequently becomes necesanry to accept this penaliy in ordsr te obtaln
dansgs aa$easment data or o provids acnurate zuidance of the warhoad
puckags Lo its detonation point,

tS = time carrisr must loiter subject to local defenses gubssquent to relsase of
warhsad packags, S;nca the tama "locel dsfznaa" apd "aroa defanse® ars
uguzlly empleyed ;a degignate mutially exclusive arens, th » 0 wioa tsﬁé'o'
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tg time of return flight, subsequent to relssse of warhead pavkage and loltez
time, during which carrier is exposed to local dsfensas,

t? = time of-return flight; esubsequent to reieasé of withéud peckdge and Joiter
time, during which c#rrisr i3 exposed to arsa defernsea,

ta = tima of flight between exit from enemy defendsd territory and rsturm to home
base,

The enemy is expected to surround each prima target ¥ith a nedwork of local
defense wsapons including~anti=aircr§ft gune, unguided barrage rockets and guided
missile installatione. This chart shows the capsbilities of each type of weapon
.syatem in terms of maximum altitude and maximum horizontzl range, Those contours
wore derived on a basisg of existing and estimatsd futurs performence character-

istics of U.S. weapon systems. 1In opder to avaluata the effectivensss of r local
dafenss nstwork, in combatting any particulsr thrsat it beccwes ascessary to
agcertaing

2) the quantity and employmsnt of each typs of weapen;

b) The rate of fire attained by esch inatallation, i.e. thé nuwbar of rounds

that can be {ired and the tims duration of & aslngle round; and

¢) the ¥ill probability per round for each weapon type,

¥han this informstion 13 combined with data dsflining the patisrn of the
attecidng force, ths probabls succesa of the dafenze in countaring the satiaeck
can be detarmined, From this it is poasibla ta determdas the prodability that
any carrisr entering the lecal dafange gons wlll arvivse suceesafully at iis desig-

natad launch position.

Outside of thoss esreans Jdefended by local defenst weapons, the ensmy 1s expectad

to provids scme msasurs of natlonal dsfenan through u varisty cf wsapgns systems,
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A major portion of this effort will be acecmplished by interceptors armed with
conventienal armament (guns, cannon and unguided rockets) with futurs improve-
ment- provided by &fr-té-alr guided missilss, In svaliating the effectivensss

of an interceptor that has besen committed against a group of attacking bembers,

-1t is necessary to evaluate: {1) the probability that the interceptor will be

succesafully vectored into a position whers it is capable of dstecting the bombers)
{2) the probability that detection will be accomplished; (3) the probability that
detection can be converted into & f¥rifhg pass; and {L) the probability that the
firing pass will result in a bomber kill. These piobabllitles ars primarily
dependent on the capabilities of the interceptor and its equipment, Wnils
suc‘cessful vectoring i3 hezvily dependent on accurats ground tracking of the
target and successful relsylng of tnis.cata to tae intarceptor the uliimale

success or fallure of this phase ls Yirectly relatsed Lo ths performancs character-

istics of the intsrceptor, s.g. 18 rate of climdb, cruising spsed, maximum altituds,

stc, Detection is of courss dependant on the capabilities of the intsresptlorts
Al radar, Once having accomplishad detsction of ths bomber group, ths interceptor
mugt be capabla of mansuverding into a position whers it is capable of firing its
armament against the bomber. Ashiavement of s bember ki1l 1is then depsrdent on
the accuracy and lsthelity of the particular vsapon empluyed. Aftar 2n evalwe.
tion of this nature haz bwea mads {% bacomes necoedary 'to anslyss the gemmetyry of
the attack'in terms of: (n) the hombel track; (b) ths siss and deplérment of the
bomber group; (c) the lncation of tha sarly warming detsctlion 1line; (d) the leca-
tion 'of intercepior basas and the numbers and types of sach intercsptor (plus
armament) svallable o sach bass, znd (&) the tonalbiment rats for sach base
agains{ tha bomber strike., {ombining this infommation with the probabllities

previcusly described; it is then possible to evaluaie ths probabls avccsass of the
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bombéra in penetrating the interceptor defenses, Cther weapon system3 could be
smployed for area defense {e,g. A4 guns and bariage rockets) but due to the vast
amount .of territory requiring some maasux;e of defense 'unreasonabla quantitiss of
these weapons wuld be required ¢ o provide adeguate coverags, The only other
weapon that can be presently emvisivaed as capable of providing a levsl of
dafense sufficiantly high to warrant consideration ig a long range surfaca-to-air
wigsila ¢f the Bomarc type, Duo to the complexities inhereat in sstablishing an
epemtionaliy r-eiiable aﬁd accizmbe syste.;rl of thia nat.ufa, it ié falt the;'b until
about 1965 interceptors must be ralieved upon to provide virtually all of the area
defsnaa,

Strengthening of this area defsnse can be accomplished bys

2) fimeroasing the number of interceptors available for combaty

b) improving the sccuracy and lethality of ths emmﬁent; and

¢} providing lnterceptors with greater porformencs capabilitiss and

impiroved AT radar sgipment,

Thus, it i3 geen that in urder o evaluate "Pgp"» the probability that any
glven carrier survives to its designated lsunch position, it ip necessaty to
avaluate a large number of factors including performance criteris, sid operational
availability of defense woapon systems, and the gacmetfy and strategy of bhoth the

attacling ard defending forcea, In gonaral PSL

P,o=(l1=2)p
= o) sip Fs1p
{1-~ Po) - probability that the carrier will not abort

P‘3.‘D - probsbility that the carrier survives through the ares dsfanas

PSLD - probability that the carrier survives through ths lecal defenss

-30 -

is & produwet of three probabilitisgy |
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A number of cases may arise in which the carrier is not subjectéd to elther
, ths area defenses or the local defenses. In these instancag, the appropriate
survival pfobebilities are defined to be equal to unity.

(2) Survival of Warhasad Package from Launch to Detonation (pwps)

Assuming that ths carrier has successfully reached a lsunch positicn the
next phase requiring analysis is that of releass of the warhead package and
passage of this package to a desirsd location for a detonation of the warhesad. is
prévioﬁsly indicated the'container for the wsrhsad may be either an air-te-surface
nissile or a gravity bomb,

If & gravlty bomb is used the probability that it will srrive at an intended
locatipn for warhead detonation is deperdsnt on the accuracy and peliability of
the bomb sight, accuracy o the input data, and roliahility of tha ralsese
mechanism, The bomb is invulnerable to enemy countzrmeasurss during its drep
from release et altitude to detonation,

When an alr-to-purface missils (4SH) is employed to delivsy the warhesd, the

problems of missile system reliability and vulnersbility become critical. 4n
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analysie of ASH reliability in particular is difficul® to perform dus to the come
plexity of equipment requirad to perform guldance, control and propulsion functioms
for the miesile,

In general, missile reliaﬁility is a function of time-of-flight, 42 in the
case of the carrisr, most of the miaQiIa s¥siem components ars callsd upon to
operate during the initial phesa of the missile flight pattarn, and hence a
majority of equipment malfunctions ars exp;ctnd to occur sarly In tha flight,

Since soma components may not Le in opératiun untilffha latter portion of the
flight dus to the special nzturs of their futiction, ®.g, mechanizms required to

initiate the terminal dive phase in the flight program, missils failures dne to




el
non-relfable cperation aré éXpected to increase ag time of flight ia increased..

It i3 expected, howsvor, that the number of reliability railures sxperienced

- inttially will bé vaiy large as compared to ths number of failures expsrisnced

diring the remainder cf the flight. Although the supersonic spead and high

altitude capabilitiss of an ASM render 1t invulnerable to interceptor wespon

gystems, surfacs=to~air gulded missile systems of the Nike-typs are affsctive

in combating an attack by dSM's, Tt thus becomes necasgsary to re-evaluate ths

effectivaness of thé lo¢al defense nebwork in combating an attack by ASM's.'
Thus, if nrwp“ is used to reprssant the rellability of the warhead

packaga from launch tn detoraticn and "Pyq" 19 the probability of surviving enemy

defenass, thsn upwpa"’ the ﬁrobability that & warhead package is successfully

launched and arrivss ab a detonation point 1s'a preduct of these two factors thus:

The success ‘of a single mission at this stags is a product of carrisr survival
probability and success of the warhead package in reaching a point of detonation,
or, if "p" represents success of the missicni

P Pal Fyups Pd whare Pd i3 the probability that warhead detonation and

tsrgot dastruction are accomplished,

Henss:

P”(I-P)Pdsm.upded

{(3) warhead Detonation and Target Destruction (”P ")

The problems associated nith da?onntion of the warhead 2nd dsstruction of
the targst may be roughly dividsd 1nto Tour catagorieas
I. rellability of datonsting mechanism (fuzing syatem);

II., locaticn of the burst;
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III, lethality of the warhead; end
IV, the nature of the target and the amount of damage reguired to
effect target "destiié tion™,

The probability of obtaining proper detcnaticn of the warhead is dependent
cn reliatle functioning of the fuzing mechanism ("rf"). Of the ssvsral typea
of fuzing thap mey be employed, the one ultimately aselscted fcr use 1a depsndent
on its compatability with the tybe of warhead that is uﬁed and the operativnal
characteristics -of the vshicle smployed te deliver ths warhead,

In order to comp;etely evaluate the effectivensss of & burst, it 1s neces-
sary to know the ground zero (g.z.) and altitude at which the warhead detonates,
In addition to this data, the latitude and longitude of the target must be specifiad
in order to detarmine an intended ajm point to relats tne bupst location and the -
target position, Becauss the enemy will undoubtedly attsmpt to conceal "target®
locations, it is often necissary to rely upen intslligence ggports and secondary
data as a basis for satimaéing target positiona, Hence, it becomos important
to assess the degree of accuracy uith'vhigh these positions ars reportcd., 1In
svaluating a given weapon system the burst pattern or distribution of burst
about an intended aiﬁ point, should be detarmined, In a guided mlssils, this
pattern 13 determined by the accuracy of the guidancs system. Xnowledgs of this
probability distribution of burst locations about an intendsd sim point when com-
bined with warhead lathal radius, 1,2, th? maximwm distancs at which an over-
pressure sufficisnt to desiroy the target is prcducéd by the warhoad, can be used
to determinge the probability of #killing” the'targeb ("Pkﬂ) for those warhsads
which have rellably detonated, 1In general, two catagérieé of warheads may be

considersd, single stage snd two stags warheads, For sach of theza categoriss
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a distinet method of target destruction is considered, The single stage warhesd ;
is used to achieve a high level of overprassure against a structursl or near
point target, When two stage warliead$ are employed, the toncept of dsstruction
ig changed, It now becomes fsasible to fdestroy? a target, 1,e,, mullify its
usafulness to the enemy, by crippling or destroying supporting facilitles for !
the target that exist in the surrounding area, It 1s aeen, therefore, that it
is mest importent to completely dafine the target objective, If it is a strmic-
tural targst and a single stage warhsad ie used, targst toughfiads must Be asjesséd
and the amount of overpressure required to destroy the targst can than be determined.
If a two stage warhsad is employed and the concept of indirvct targst destruction
is eccepted, the size and shaps of the area on which sustenance of tﬁa targats
ﬁsefulnees iz dependsnt, must be specified, It is then necessary to apecify a
minimum ovarpressure that ashould axist over a certain per cent of the ares, this
per cent dapendent on the extant Yo which asupporting facilitiss must be disrﬁptcd
in order %to halt the targets output and usal “iess to ths £NORY,

Thus, the probability that a warhead that has reached a detonation point

will destroy its target objective 1s a product of “Pk“ dafined above and the

religbility of ths fuzing mechaniszm, “rf“.

Py o Ty

Pk
Hance, "P", the success of a mission (i,s,, sccomplishment of des.ruction of tha
target abjective) is given by

P Psl Pups Fa
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until they have returned safsly to home baze, If:
P;ld » outbound carrier survival probability through local defenss

Pééd = gutbound carrier survival probability through area defanse
1 - §g = nrobability that the carrier does not suffer a fatal abort on ita
outbound leg

then for the outbound survival prooability

P = pi ] o By
50 Peld Psad (-7 )

The total carrier survival probability, "?S" is given by:

P o ] = _-
}5 PBl L (1 £,) P

) 1 - ol
aad p51d F.ald Psad i P°)

5. OPEBATIONAL FRAMEWORK

The term "operatiénsl framework® iz ussd hera to reprsssnty
(1) the target system,
{11) ths defenss network for that system,
{111) bveses of operation for the attack forcss,
(iv) imgunts of squipment (initial stcckpilai available for ume at
inception of attack,
and
(v) replacemsnt rataa and buildup of striking powsr following indtial
strika, ﬂ
1. Target System
In ths svent that hestilities Bhou}d brask out, atiscks will bs raquired
against at least twe catsgories of target objectives; (1) those vhich rapresvnt

the enamy s immediate striking potential, e.g. sirategic air command basas, warhszd
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depot and surface-to-sgurface missile installations and, {il) those representing
locations of facilitias vital to the national economy, e.,g. indusirial plants,
power supply sources, transportation and commuﬁication éantars. »

While reconnaigsance and inielligence rsports are expected to providsz most
of the necessary datz concerning targsts prior to the ocutbreak of hostilities,
some provision must be mads for attacking locationa vitel to the enamy discoversd
subsequent to the beginning of the war, Target complex, ay uasd hers, shall be
used.to rafar to cnly the known fixsd gsites, In zddition to specifying the loca-
tions of tha targets, i% is desirable to obtain data concerning bhe. phyaical
structupe and economic velationship of the arsas immsdiate to thuss locatioas,
This information 1s necessary in order to evaluate the sffactiveness of using
the two stage warheads and 1n aslecting aim points, Whers two or more. targsts
exist in the sama arsa, this data takes on added signdficancs since in these
instances, a single tun-stage warhead stralegically placed may produce the same
effect as two or more single stage warhsads,

With ths advent of high rield warhsads of grsai destructive potential and tha
intercontinental capability of ihe wnomz s long rangs bomber force for delivering
such payloads, time becomss increasingly sigaificant asz a parameter in the overall
campaign analysis, 3ince it is anﬁicipated that only a portion of the targeia in
the cétmplex will bz cepable of balng sucdessfully attacksd on the first strike,
1t 13 necassary .to evaluats ths relativae importance of all targsts in ths system
and plan the campalgn accordingly.

2. Dafenpsa ¥stwork -- E ;

Once the target systeﬁ kaa besn established, an assagement must bs mads of
the epemy's potential for defending this gyatem, In order to define the defenas

pattern 4t 18 necessary first of-all 4o establish the location of the sarly warning
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radar liné. This is, of couréé,'dépén-d"ént on the tygﬁe of radar eqﬁipmant availabls
and the locations of radar systems relative tc the target complex., The next step.
is to determine the sites of intercaptor bases (and, in the future, Bemarc type
surface-to-air missile installatisns) and the relation of interceptor control to
early warning detection, From this information, 1t is poesible to estabiish the
locus of points at ;hich the attack force first beccmes amenabla to sneny counters-
measuras, The territory enclosed by this locus 1s definad as the targst.area,
The two types of .defense {area defense and local defense).axistant in this arsa
‘have been previonaly discussed {Sectinn A, 1), Once the area and local defense
patterns have bean esetablished, the routes to be ussd by the attadking forces are
selec ted,
3. Basss
In conducting a campalgn agalnat ths target complex, an.atbampt i3 mads

to sslect attack routes whiéh raquire thz least wmouny ol cerrler sxpasurs Lo epeny
countarmsasures., The ability to accomplish ids against zll of ths targeis in the
system is depsndent on the affective operating radlus of ths weapon sysism and the
locations of bases from which thia weapon system may operate.

~ Suitable sitas for bases of operation mey be gelected frowm & number of overe
seas locations. The vulnerability and logistics problems sasocistad with ths
use of overgeas bages, however, suggeats the desirability for invastigating the
potential of an intarcontinental wespon. system with beses loczted on the xmainland
of the United States, A minimum of operational complexity would resalt vhrough
the use of continental bases exclusively, Should the radius of {42 wsapon systam,

however, prove to be a limiting facter, a ¥shuttls typs" mdsslon might be employed.

In this type of misalon the attack 1s initisted from 2 bass in the U,8., ths payload

is dropped on the target and then the carrier prosseds to an oversses rafusling bass
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prior to returning to the U.S, In this manner, tha operating radiua of ths weapon

system may be offectively sxtended to permit the selection of less vulnaorable
attack réutas,

b, Stockpile

In the evaluation of a particular weapon system, i1t is necessary to estimats
the numbsr of active unita which may be callad upen to provide the striking powsr
at any spacifisd time period, & time 15 then selacted to dssigrate initiation of
the campaign d4nd ueing the stockpllas of carriéra, warhead contalners and werhsads
available at this tims it iy possibls to deterwina ths atructure and size of the
initiel atrike, 4t this stage of the analysis, 1t ia imporiant to formulate soms
guess 28 to tho naters of the conflict and the tima pariod avallable during whish
countsratiacks may b9 made agalnst the enemy, This will in zoms messurs dletasa
ths sins of stockpils and tha rats of bulldup required to sstabliah this stooks
pile at the outbraek of hostilitiss, If the period of attucx med counterabttack
is expectzd to encompazs & rdagonably long interval of time, it meay bs desirable
to study ths possibility for replenishing depleted. stockpiles followlng the initial
phasge of the campalgn.
C. STRATEGIES AND COST AMALYSES

®Strategles® as employsd in this soction shall bs used to refer to the structure
and size of the striking force required agairat sach tsarget., This i3, of course,
dictated by the number of targets raniring.attacx, the extont of damage dzzired
against sach targst and the smounta of equipmen’y availabls to “io the job¥, -
Within this fremework, then, strategles ars.gsleetsd which result in 2 minimus
of loss of human lives (crews) and the lssst cuzt in-expenditure of equirmont,
Furtheywore, this optimization must recult-in strategios ywhich will accomplish

Yhe campaizn objestive withln the allotted itime period.




The cemplete costing éf a campaign invelves a complex analysis which ghould
take into account:
(1) the actial cost 1i térm$ 2guipmert €xpéhded during ‘hs Eampaipm,
(ii) the maintenance costs entailed in keeping the system in stute of
readiness, and
(i3i) the initial cost of egiablishing the system {includirg such items as
egtabligkment of baases and supply lines, étockpiling of neceasary
cquiprent and btraining of parsbhnal}. '
In may instances a suificiert measure of the coat of a given systam may
be obtalned from (1) albne, To evaluale the merits of 2 given wsapen systsm, the
cost of the gystem should e comparsd with the "kill potentlal®, cr amount af
damege that the gystem is capable of inflicting on the enemy. Another item
entaring inte an evalvation of system merdh is ita fisaibility, i.e., its cspabilizy
for adaptiang to changes in such itsas rs iarget lecatlons, enemy dafaznse strengths
and the siss of the paylowd requirad agsinst e tavget., Flnally, ths growih potontial
of tha system should be conzldared; 1.e, improvemente in ths gystan whlch can da
Incorporstsd to incrsass ths reliability and reduce the vulnsrebility of ths
wsapon gygten,
A, THE MODEL
In ordar to compsrs Ihe merlts of a RB.52/grevity bomb weapen azatem wibh
B-52/hiesto-Jurface Misalls wsepon gysiams, & simplifiad model was constructad,
152 target objsctives loczisd in 72 urben areas of tho U3BR were salsciad %o form
the target complex, 4 defsnse hordee »ipessanting tha Jocus of positliens whers
GCI (Grownd Jontrollsd Intoruept) sapnovised intarcapior planes can firzb BnZiga
attacking forces of B-52's uas agsumad, thus defininy the targst aree, This chart

showg the dlstribution of the 70 urban aress with resgpncl tov thalr dapth bshind
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this defense border, It is seen from the graph that about 50% cf the arsas are

within 3C0 n.m. of the defense border. %he distribution of the 152 target objec-

tives i5 almost identical to that for the 70 areas, Tabls II-A gives & breakdown

of the 70

each ares,

areas in terms of the wumber of targets (from ths 152 objectives) in

It is notable that 31 areas or L4% of the total number of tdrget areas

contain only cne target objective, Dastruction of these target objectives (struc-

tural type targets) mey be accompiished in either of two ways)

Number of Targets '

Ia drea Number of Areas % of Total Number of Areas
5 b | 6

l 9 13

3 13 | 18.5

2 13 18.5

1 3% Lk

TABLE 1I-4
(2) by destroying the target directly with an overpresasurs of about

(b)

10-12 psi on the target stivcturs, or

by covering a "vital"'area adjacent to the target with an overpressurs
of sbout 6 psi, (Iﬁ brisf, the reascning is that the sffactiveness
of a "atructural-type t#rget" may n&w ts destroyed by causing
destruction and havoc over a sufficient portion of an area adjzcent
to the target conbalning e major péréion of supporting activities for

tha target.)

In this mnalysis the vital areca described is assumsd to be circular in shape

with a radius of 2 1/2 n.mi,
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The levels of area and local defense assumed to exist within the defanse
berder are expected Lo represent the enemy’s capabilitiss about 1940, To eimplify
the analysis it is assumed that interceptor bases are distributed in a pattarn so
as to provide uniform coverage cf the defended area. This means that tha amount
cf opposition encountared by an attacking B-52 force ic a function of the amount
of enemy tervitory traveled over by the B-52 force, T3 level of arss defanse
selected for the analysis may be interpreted zs craditing the enemy with 3000
intercaptors with a kill probability per interceptor of’.lo'ready'for inalantaneous
uge in combating an offense directed against the targets, Estimated capabilities
of this defenge against a group cf 50 B-52's penetrating 500 n. m, into defendad

territory are summarized in Table II-B,

Inbound Outbound Total
 Survival Probability 0,825 ' 0.891 ' 0.735
(Sach B.52) . ,
Expacted losasa 8.75 k.50 13,25

Initial 852 cell glze - 50
Bepth of penetration - 500 n, mi.

TABLE II-B SUMMARY OF AREA DEFEHSE CAPABILITIES ;
The dominant fsctor in the loca; deranse‘netwoik is aszumed to be a Nlks-type :
surfaca-to-air misgile system, The defensg ;ével agsumed in this modsl {a ohiziaed
by providing sach arsa with ihzea SA¥ installations, Tsble II-C summarisss the
capabilities of this local defense against cells of air-to-surfacs mlsedlss

attacking a target with a speed of Mach = 2,0 from an altitude of 60,000 ft,
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f Cell Preb, A Given Prob, At least
Size ASM Survives One ASH Survives
1 0,240 0.240

3 0. €30 0.954
5 0.760 1.0

TABLE II-C SUMMARY OF LOCAL DEFENSE CAPABILITY AGAINST

The capabilities of thls local defense

in Table II-&,

AIR-TO-SURFACE MISSILE

against cells of B-52's are given

Prob, That at Lezast
Initial Cell One B-52 Reaches Expected
Siza Bomb Releaze line loages
L 0.720 3.59%
s 0,983 .12
6 0,973 L. 38

TABLE 11-D SUMMARY OF LOCAL DEFENSE CAPABILITY

Charscteristics of the mlsalle systsams examined are described in Tabls 11-3,
Primary intersst i1s centsred about the long range (700 n. ml, max, range) ASH's,

For purpeass of comparison, the 100 n, mi, and 40O n. mi, maximum rangs niszsiles

are studied,

AGAINST B-52's
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Inflight Surveillancs ‘

Maximuwn Rangs - Type of Guidance ‘ of Missile

100 n. mi, All inertial Nene f
100 n, mi, RASCAL wype To detecnation
Lo n. mi, Multi-axis inertial with None

Horth seeking platform
and X-4 plus Doppler (20
min, leveling)

100 n. mi, Multi-axis ipertial with To initiation of dive
North seeking platform or end of relay link
and X-l. plus Doppler (20
nin, leveilng)

700 n. mi. " Multi-axis inertial with None
North seeking platfomm
and ¥-l plus Boppler (20
mlr  lsveling)

700 n. mi, Hult¥i-axis inertial with To initistion of dive
Rorth sesking platform ' or end of relay link
and K-l plus Doppler (20
‘win, leveling)

700 n, mi, flsdar monltored HAIG with To initiation of dive
Horth seeking platform and | or end of relay link
X<l plus Doppler {fina
leveling)

TABLE II.E MYSSILE SYSTEM CHARACTERISTICS
The guidsncs ayatem'cr:pnbilities of each system in toris of CEP as iy functicn

of renge ers swimerizsd here, The reliability of sach system 13 zssumed ¢ be

0,60 and constant with range, Psrfact accuracy and 100% reliebility ars sasumad
for the B.S2/gravity bomb aystem, All missiles are assumed capsbls of carrying

either of two warhesd types, single stage and two stage warheads, The lsthal
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radius of the gingle stage warhead is abeut 57C0 feet while several two stage
wartheals are consldersd, As previcusiy indicated, the target can be destroysd
by achieving a-.high lavel. of overpressure agalnst its siructure or by covering
a large portion of a defined vital area with a fairly low level of overprossure,
P.K, the probability of destroying the target as a function of mizsile range 1s
shovn: for the various warhsads. It represents for

(1) aingle stage warheads - the probability of covering a point target,

and
(i1) two stage warheads - the probability of covering at leazt 0% of
clicular arsa {radins = 2 1/2 n, mi.),

The relative afficlency of sach of the weapon systems is measured on the
tasis of the expsctad nmSef of B-52's and crews ioat as well as the expectad
fcost® in destroying the giveﬁ target comple.x, An attempt to gst a measurs of
cest way made by uso of the follcwing assumptions:

Coet of 8=52 and crev - 1 unit

Tost of iissils without warhead - 1/40 unit

Sost of single stage warhead - 1/LO uni

Jost of twe stage warthsad - 3/L0 unit

Using =impls probability thecry, sach target in the complex, depending on
ths post launch reconnaissence or monitoring capability of the weapon eyztem, was
attacked until it was destroyed or until Lts aurvival prebability from a nuvmbar of
attacks was reducad to 0.10.

For each weapon gysiem, varicus tactics (that is, number of missiles, op
gravity tesbs, assigned againat each target, number of targsts to be ztiacked
simuitanecusly, rlight path of the carrier, etc,) weré tried againat sach target,

The cost of destruction for a given ta'r‘get'using a given attack tsctic was fourd
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and the teétic redulting in the least ¢ost selected, After this had besn done
for each tnrgaé, the campaign cost was found by summing the cesta for sach targat,
The entirs process was repsatad for sach of the weapsn systens conaidersd,

Preliminary investigations indicated that becauss of the 3;l oss% ratio
assumed Dstwean two atago and 2ingle atage warheads, 1t waa nore econcmibal teo
usa the singls stags warhead (n the 31 arsas sach of which contains but ond target
cbjectivs while the two st#ge warhaads &ra smployed in areas contalning more than
one target, In thiz annlysis, it wes 2zsumsd that a basa system had besn satdbe
li{ahed parmitting carrisr mecess to a targst through any point on %ha dofenay
border, In genstal, the ocella of attacking B-52'a ware chosgan to be numerically
largs snough to maturats the snsmy defsnsea, In doing thim, asversl discretd
targots ware attacked.by 8 forcs whioh remained togather n3 & single cell as leng
&3 possible,

This analyeia conatitutes ths mathamaticel modsl for our study, It is
apparant that ona muat start from hars snd plug numbars into tha formulas
developed, considering in turn sach of the asverel variablea in taetive, attack
routes, misgion sizes and the rest in order to datermins the most ssoncmical
matheds of conducting the campaign, 4s you ars awars, wa ars currently building

tho Rezcal wespon, You mey wsll ask why we now recommend this new oystom, Lstggg

look at the basas for both of thess systame, Whan the Rasoal gystenm ues couceivad,

ths prognosis of ensay defonse capabllitiss waa primsrily centorsd about the lessl

targst defanssa through which a gravity bomber nust fly to dslivar 1te payload,
Accordingly, the Rascal system was designsd to aliminats casrlav asxpogure o
thess liizh lsval local dafansaa.: It was belisved that the faallitise required
to protect sn ares ths size of the t@rgat complex congidarad would pot be avall-

able during the time period considayed,




Today, looking forward into the future, we anticlpate that area defsnses
will be vastly improved by 1980 and subsequent, thus raising the cost of
conducting a campalgn with a Rascal weapon system, It should be noted that
the grévity bomber losses will also rise an amount greater than the Rascal
system, and for the same reason. From our study we detemine that an increased
missile rangs will greatly reduce these losses, and from the families of missiles
considered, determined that 700 rautical miles range was gbout the payoff point,
Having done this, we can next logically ask of our proposed system -

Now what does this weapon give us? -

First, the 700 n., mi. missile sxtends the radius of action of the weapon
system, and in the casé of the B-52 gives it en iﬂtercontinent&l capability.

To attack the Russian targe£ 6bm§lex shown on this chart, the misaién can
be activated at ZI basea in nerthern United ﬁtétes allowing fiusionable-material
storage to be maintained in thé U.5. pregsr. In destroying the various targets,
varylng techniques may bs uaad, Fréafrike rafueling will yleld minimum penstra-
vion for some targeta, Pdétcatfiké‘stagins and refueling will yisld best results
for other targets., The intaz‘cont:inenb-.ai capability 1s here, Prestrike staging
arsas could bs located in the Al;skan-(‘zmanland~11:els,nd areas, Post-striks nreas
could be in either the northern Africa-southern Arabia-Indie area, er in the
Japan-QOlinawa-Philippine Island areg.

On the following chartgr:fdaili sumﬁsriie_a comparative analyais of tha uaw
of five stratsgic bombing syéiaﬁg to dsstrc&zéhis target complsx, Thiz ccwmplex
wag agsumed to include 70 tdgégts in &8 ci%ieb locatsd in Rugsia proper and ia
adjoiningsatsllite counbrlae. An analysis made for sach strategic wespon systea

was basad on degtroying'all 70 targets with a probability of 90%.

- 146 -
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In each case, the weapon systems were assumed to opsrate ageinst the ssme
net;ork of both grea and local enemy defenses which have been predicted for the
1960 and subsequent neriod I would like to state that the effeciiveness of
this dafansa network has bsen optimistlcally chosen, For axémpls, the local
defense effectivensss assumed is approximatsly as effective gs we atébe for our

own Nike defenses, but ths number of installations per target is abcut one-half

“tae number we are planning in cur own defense network,

As will be shown, ths long fangs aj r-to-surfacs miasile'weapop syatem
appraciably raducés the cost of desbroying a glven enemy target complex compared
to a gravity bomblng offensive with either B-L47 or B=5? aircraft.

On fﬁis next chart we have plotted ths relative campaign costs required for
sach of five sfrgtegic systems to kill the given—tnrget;ccﬁplex. Thaas five
strategic bombing systems are:

1, 4 Bu52 gravitj bomber,

2. The present emanating Rascal HEapon aystem.

3. A LCO n, mi, all-inertial-guidanca misaile weapon system based on

tho eonfiguration presentad hare,
Ly A 700 n. mi, all-inertial-guidence missile of the same configuration,
5. 4 700 n. mi. rndazhnoniuo‘ud inertiel gzuwidonca miszalls thst hes bssn
propoaad by Bsll Aircraft end swmarized in this presentation,
On the laft gids of tha chart Li hava plotted the total relative cosi, coapared-
%o the gravity-bowb 3-52 o?fanse. Thin tctal ralative coay includes ths cosd
of the carrier aircrart lost and tﬁair cxan, and the migsilse ard warheada
axpended in doing hs job, It i3 readily apparent that any air-to-aurface

misalls stratsgle system grently raducss the total cost o szag thal the

K|



present Rascal system reduces costs to approximately cone-third that required when
using only a gravity bember, With increase missile range this cost ls even further
reduced, as can bs sesn for the LCO n, mi, all-inertial system, and the 700 n, mi,
inertial system, Minimum costs are obtained with the proposed wesapon, the 700 |
n, mi, redar-monitorsd MIG guidance aystem which reduces total costs to less than
10% as compared to the B~-52 gravity bomber, . '
"On the right sids of this chart we have plotted a comparison of the carriers,
or lives lost in killing the target complex., Oncs again all m;ssile weepon systems
show an appreciabls reduction in losses. Of primary interest here is the fact that
ovar 50% of t.hé gravity bomber losses are dud to expdsirs to local dsfénases, even
at the optimistic level of effectiveness assumed here, Once again, the prssent
Raséal ayétém h;as rec-iuceci'losses to‘:aboub one—thin& and as th; misaiJ:a range

incrsrass, thess cosbs ars further reduced until we resch a minimum again with

" the fecommsnded syatem of sbout L§ compared to the gravity bombder,

& ccmparison of ths fwo guida.ﬁce systems applisd to ths 700 n. =i, missils
shows a 25% reduction in both total costs and carrier loss for the riccamended
radar-monitorsd MAIOD systenm ovzér tha :—111 inertial system,

The following featurea se:-'a found to be highly effectiva in minlaising the
campaign cects for ths proposed stapon systom) |

4. The system is capabls of'dslivoring oithar high or low yisld wazhaeads,

This flaxibility in ﬁaylﬁad \nllo.wa the selsction Of a warhood which
baat meets thé oparatlen raquirsmenta uit;h mininis cost and also

prosontas 8 safoty fastor with rsgard to the warhesd sicekpile,
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The. missile is capable of both high and low altltude operati on.

A low altitudé_apnroach.intc the target within the local defenas
area makes the enemy GC& almost useless and “the missils is
practically 1nvulnerabls. Howsvar, because of varying terrain

at zome targets, flexibility in missile temminal flight is very
degirabls, |

The oystem has satisfactory kill probabilities at al; ranges of
the missile, This is extremely impﬁrtant since any long rangs
missile will bEe used a large percehtage Gf.the time at ranges

less than maximum. As previously stated, this is dona to maximize

accuracy while minimizing carrisr penetration into enemy defenses,

. This is clsarly 1llustrated hers for the weapona being comparad.

Hers we have plottad the total number of sortiea required to i1l
the givan target complsx, For tha mlgsile weapon systems, we have
sﬂgregatod by blocks of 100 n, mi, rangs the meana in which tha

various Heapons sould be ugad in the nffensiva operetion, In ths

cus9 of the present Rsacal eystam, the miaails would be utilizsd at

sszentially {its m;ximum ranée. As we continue to tha longer rengs
missiles, the LOO n, mi. missile i3 atill used at ita mﬁximua PUngy
a graat portion of the tbn;. However, in going to the 700 n, wi.
rangs missiles, tha ude of the miauils is mor's evenly diltribut@d
particularly in the ecage of tha mors. accurnte rsdarnncnitorwd HAIG
ueapon sy stam, . -

Thers aﬁa saversl réasona'for thé decreauiné numbter of sorties
raquired to dewiroy the target complex, First, ths lengsr missils

rangos incrazsd ‘the carrier survival probability by decrssaing tha




3

PE—

T

e e e c—— - TN SRR Py

pengtration required, and In the cass of the missile sysiems requires
fawer repeat missions, Second, the radar monltoring system provides
asgossment of the missile in-flight operation and in many cases
furnished some degres of bomb damage assessment,

E, More pertinent f{rom the standpoint of cost than the number of sorties,

however, are tha total number of hours the carrlers must [ly oyer enamy

delenses, both local and ares, to destroy the total cdmplex. I might
mention that throlghout the entire‘ 'cost_.an_e‘lysis thé moat affactive
gravity bo;nbing_ techniques such as optimum number of bombers per
target have been employed, so that no repeat misaions have deen
required, For purposes of simplifying the study, optimistic assump-
tions have been used for gravity bombers. ‘ For exampls - in this cass,
1008 gravity bomber systum roliability has basn assumed, a8 wall as
1008 gxfn.vibty bombing g.qi:g:;acy. In contrg:s.;, thg p;-ayiauuly_ gtatod
C2P accurscy figures and 2 systeom relisbility .or +6 were used for all
the missils wezpon z:yste.*%a. This time spont ovsr onemy dafar_xgsa, of
c'o‘.}rae,‘ corrslates directly 7-‘1 th t,hgl Aaverags bomber and orow survival
probsdility, For the gravity bomb »miisa_lion‘ 624 gortiss are required,
100% rsquiring penstration, resulting in & suryivel probability of
only 10%. Cnce agein I would lke to point out the assumed defonos
effactivensss is optimistic,

A1 miszile weapon systems hovo groatly incrsassd this everage euzvlval
probebility of tha carrier aircraft and its erar, This ds true even though bhe
total numbar of sortisa required hava not besn dscrassed arpraciably, For the
prassnt Rascal system, 455 gortiss are required, but only 85% of thoss rlssions

raquirs carrier penetration (only into arna defenses, ss is the cass for 21l
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misailé'weapon‘Syatems) resulting in an improvement in carrier survival to over

60%. Once agaln as the missile range increases, ths percentsge of sorties
requiriné benetrgiion rédﬁéé, wgich resﬁlts.in'imp*oved cgrrier survival, The
LOO n. mi. missile system requires more sorties tha- ths present Rascul, but
requires only 47% to have carrier penetraticn and results in a survival prob-
ability of 80%, The 700 n, mi, all-inertisl system has reduced the sorties to .

L75 and appreciably reduced penetration of the carrisr to 146% resulting in a

carrisr survival of 93%. The mors accurate radar monitored MAIG missils systom

further reducss ths total number of sorties to 390 and requires only 12% to have

carrier penatrztion which again gives a carrier survival of'93%, over nins times

better than ths gravity bomber,

Y6 believe theaé résulta concluaively show why we recommend the weapon systam

sunmarized in thia presantabioﬁ, A recent trip to the Strateglc Alr Command
Hesdquarters and to the Rand Corporation has indicated anothsr reason why the
radar-monitored MATG missile system 3 extremuly desirsble, It was pointsd owt
that of prime importancs and of first priority ars targeis comprised of enemy
S4C installations, both bombing aircraft bases and gurface~to-gurface =issile
installations, The destruction of such beses iy f21% to requirs Perataring®
type of damage. Such damage can bo caxrled out only with highly secursts

bombing syztems, evan with the largsat of high yisld warheads,
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