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THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN
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SECTION I - INTR(TUCTION

a. General

Thiz office has been requested to sutmit tne resuiis of a
fearibility study of a SSM~System to be used in close suppart of
troops, at a level no higher than Army Corps (initiated by letter
0C0 471.9/2360 (s), deted 25 June 1952),

Four phases of the study will contritute to the recommendations
of the s=tudy:

(1) Remarks to the mission of *he Army's guided missiles.

(2) Preliminary design of suitable missile canfigurations.

(3) Survey of applicable guidance systems.

(L) Study of warhead effectiveness for various sizes and types.

The whole subject will be covered by two reports (Parts 1 ard 2).
This rerort submits some remarks to the mission of guided missiles and .
the resulits of ihe preliminary design study.

b. Remarks to the Mission of the Army's Guided Missiles.

Guid
mentation, blast, chemical, bacteriological or atomic warheads provide a
logical and essential extension of the Army's traditional artillery arm.
It 1s recornized that, as iu any relatively new field; there will be
divergent views as to the lest utilization ¢f guided missiles. Attampts

have bsen made to pit convert ional gun type weapona resp. {ignter bombers
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against guided missiles in ordér to establish the superiority of one
over the other. This showe cleariy a ﬁiscnncoption of the application
of guided missiles. The interpretation of the result of such attempts

at its best is not the published contention that guided missiles come

in second best, but that it does not pay just to duplicate the perform-
ance of the other weapons by guided missiles, In other wrds, the
governirg criteria for a miesile weapon should not be conceived as a
duplication of effort resulting in eventual replacement of exsting
veapons but tc provide an all-weather fire support beyond the range

of heavy guns and tne restrictions of fighter bcmbc?s. _Ordinarily all
enemy resources and irnstallations wiich have a direct bearing on the
land campaign are logical and proper targets, their destruction falling
within the misaion of the Army. Specific types of targets consist not
only of attacking or withdrawing forces, iroop and venicls comcsatraticn,
artillery positions, most of them in close proximity to the front, tut
also of lines of communications, bridgeheads, supply and maintenance
points, headquarters, fortified cities or towns, guided misaile launching

points and tactical airfields. According tc

»
[ ]
§
<

and reported by Memorandum ORO-T-200, August 1952, the bulk of the
enumerated targets may bte found within a range of SO miles and only a
minority of these targets may also extend beyond the 50 milea up to

150 miles and in very rare cases up to 250 miles. However, these reported
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distances from the MIR (mean lina of reaistancel sra suhject to la
influenced by the development of new weapons and othax tachnolagical

advances, The location of the bulk of the targets Junt wut of artillery

range indicates Lhat their usefulness ie enhanced by a certain nearness

to the front. It can be anticipated that the irntroduction of a weapon
exceeding the range of artillery will chan;e the reported distribution

of targets someswhat, but any larger dispersion might affect the enemy
front line operations disaat;'oualy. Tre variety of military situations
permits in addition to establishing the type of targets to state only
generally their probable frequency and density of occurrence, their degree
of mobility and an expected but still very flexible distance from the
line of friendly troops. This probable fre. .sncy will range from numerous
to sparse. Targets will be scattercd over areas of a few square yards to
a gquare mile and more. A numter of targets will bte {ixed tempcrarily to
only minutes or hours, others days to weeks, or be entirely stctic., The
normal' expected distance may re:ch up to 250 miles. Assessing all these
facts scrves only to demonstrate that ennugh lucretive targets axist in
this regirn but that it is imposeible to give in advance overiding weights
to specific targete at specif
miles distance may be as decisive as tc br:ak down the resistance of a

fortified city at 50 miles or to destroy at 100 miles supply centers cone-

taining large quantities of scarce materials. No one missile could meet
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the mumerous requirements of these conditions, Therefore, only a
family of guided missiles of vorioug ranges and load carrying capabil-
ities, which can be fired from tie rear or from the front lines, will
insure maximm flexibility and utilization.

The available jata fail to provide an adequate statistical answer
to decide on the assignment of the number of missiles comprieing the
Army's family of missiles. So, making the best use of organized
knwledge about the subject and considering that in many instances
it will be desirable for the Army to locate its guided missile firing
points well to the rear far both logi.st,ic and sec.rity reasons, each
of the following ranges is recommended to be covered by an individual
missile configurations

30 N MIs+ Close Support

75 N MI: Short Hange

150-250 N MI: Medium Rgnge

500 ¥ MI and more: Long Rangse

The objective of this report is to provide data and reccmmencdati ons

for a close mupport missile and to compare desi n parameters for short

range missiles.
SECTION IY - PRELIMINARY DESIGN OF MISSILE CONFIGURATIONS

a, General
A 30 ¥ Mi Close Support Misa le or-a 75 N Mi Short Renge Missile

exceeds the range of heavy artillery and is, unlike fighter support,
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more independent from adverse weather conditions snd covers a high

percentage of targets for Army application., The inherent cepability

of superior ranges and of carrying heavier payloads enatles a SS¥ to
cover & larger arsa in a short time or to knock out a terget with

less rounds than a gun is able to accomplish, Evaluation of warhead

effectiveness versus miss distance will determine the accuracy require-
nents on the guidance system and by that the nmumber of rounds required
to destroy a specific target. However, the aciual gize of the payload
may already be selected by comparing required missile configurations
for a variety of payloads and choosing.one which has small physical
. dimensions, provides ruggedness, operational simplicity, reliability,

and carries s comparatively high payload. Small dimensions attribute to

ease of handliing, transportatim, mobility, and to camouflaging of posi-

Amart T4ty
o

tion, Safety of friendly troops and low vulncrohilit wvoests single

stage missiles (no booster) with sipersonic target approach.
For the close support missiles a pressurized liquid propellant
s Tt em (C-Tyre) and a solid propellant system were studied for a range
of 30 N ML and payleads of O 1b, 500 1b, 1000 1b, 1500 1b, and 3000 1b,
For the short range missles four liquid propellant types and one
#2olid propellant type were investizated for ranges from 30 N Mi up to
75 N Mi and payvloads of 1500 1b and 3000 lb, Technical details of these

different types will be described in the following paragraphs,
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Liquid Propellant System

(1)

(2)

Gsneral

The design parameter for the close support and ghort
range liqudd propellant missiles have been obtained

from results of the so-called optimization study con-
ducted at Redstone Arsenal. The study considered
missiles of the ballistic type carrying NE-warheads of
1500 1b, 3000 1b, and 6200 1b over ranges 30 to 250 N Mi,
Four basically different missile systems uere~ investipated,
each syvstem characterized by a certain ¢{ype of propellant
system, feed system, and certain Jesign features, Thcse
four missile t,pes are called C-Type, H-Type, HG-=Type,
and H{P-Type amd are re;orted in TFSO Memo # 9, 10, 11,
and 12,

Principal Data

Principal data characterizing these four missile types

are listed in Tabls 1,
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(3) VWeights and Other Design Parameters

Design parameters for ranges between 30 and 90 X M

obtained from the afnrementioned reports for the four

miesile types are 1listed in TablesII thru ¥, Thrusts,

burnirg ties, end take-off wel:hts as a function of

range with the payload e8 puramcter has tecen plotted

in Figures 1, 2, and 3. (It shoild bte noted that slight
’ deviations from the pr:.sentced thrust values with a coar-

resiondin- change of the burning times is possible withmut

effecting ti:e presented take-off weight »f the various mis-

sile types.)

TABLE II

Micaile Tvrse C-T1FE

Prload o) 0 | 500 e 0 S S 5000
‘}Wange ;:m 30 30| 30 30 r 60 90 30 60 90
Thrust 11b | 3100{ 5800 | 8600 [12500 | 16500 Muo0f 2u000 32060 35500

Buming Time sec| 66.1| SL.76] 50.57 | 50.0k 60.5 65 | 1.3 AL,5  45.3

+ ) . ——

Take-off Wt 1b | 1809| 3120 | LL6L |6LFO 8860 11410| 12400 17210 21280
Couteorz Wt 1b | 833[ 2607 | 293 |[3s 2100 7o | és3r 7ms1 voce
E N BV R TR
Lengtn |ft | 31.1] 30| 36.2 | 36 |Ls }m.s s (35 . L

Diameter in | 21.2 23 | 24.8 3L
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TAELE III
Missile Type . H-TYPE
E;fload 1ib 1506 3000
Range o4 30 'L 60 ' 90 o | e | 90
_Thrust 1b 6000 9000 ! 11000 | 13000 17800 | 2700
_ Bumning Time|sec 71.5 73.9 i 75.6 73.5 77.5 t 79.9
Take-off Wt |1b 1350 s650 6950 | 8700 120 12780
cumottve | ans  ame w0 | s lss  sms
Bowretr  n| oW oW oW | B B W
e[| on » | % | oa |
TABLE IV
Missile Type HO~-TYPB
Payload i 1500 3000
Rage  wa| 30 | 60 | %0 1 5 i
jomet (1| am00 o | aeo | 2zo | 3000 36100
Burning Ti-e| sec 62.3 62.7 63.4 L7.5 53.1 57.9
Takaoff W4 . Ib ss50 Tsho owo | 11200 13980 16950
“(‘)u;.-off Wt ;lb 3156 ‘ 3586 ‘ 4022 6022 8y 7535
Diancter  |in w3 l ) 8 w8
Length [ 33.2 l 364 i 304 35.8 | 38.6 | 42.0

CONFIDENTIAL
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E.uilo!‘ypo HP-TYPE
nyload__ lb___ 1500 3000
el ® |« om0
Tt el oo | onow | | ks | s | 200
B Towose| 61| 668 | 69 | 60 D5 | B2
Take-off Wt (1b L4830 5910 6750 8890 10780 : 1230
aeorrw fiv| o | e | ma | se | we | s
Dlameter  |n | 3% | % | % | W8 _xi__%_xis
s x| wa| ma | ma| s | o | s
Solid Propellant System

C.

CONFIDENTIAL

wecurity (nfaematics

(1) General

Several features of s0lid propellants may contribute to

more favorable configurations of the close support and
short-range missiles. Out of a number of possible choices,
the =0lid propellant T-17, as developed Wy the Thiokol
Corporation, has been selected for this aprlication, because

of its well established performance characteristics for high

thwict
- L4

- 1 An
aIiel and aen

ng durzticn units,

The selection of solid propellant thruct units for the missile
study was based on the following cousideration. It would be
desirable to have neither a progrezsive nor a retrogressive
characteristic of the thrust over the duration amd to have
practically no slivcr-loss of the propellants. These require-

ments depend largely on ballistic properties and grain

5 §

S S —



I p— g - s

(2)

CONFIDENTIAL .
Security Information

configurations and are not a&ll cuvnsistent with each other.
One grain configm'auc;n, which wuld meet constant huring

surface and small sliver-loss, is the rod and tube design

Y = T AL

2 =\ = Y2 - e an o 2 b
which, thoueh puooi“‘ 1y QifNculs in ite ennlication

te, is difficult in spplicatd
because of the necessary rod support. Another design,
theoretically rendering conctant burning surfaces and low
sliver~-loss, is the hollow cylinder with tapered erds.
Besides its disadvantage of giving a greater length, its
applicability has not been proven satisfactorily for large
units in actual tests as yet, Therefore, the conventional
n-pointed star was adopted for all further investigations.
However, this type of constructicn allows very little freedom
to control the formm of the thrust-time functicn and a pro-
gressive thrurt characteristie will ordinarily result.

To expedite the stu\dy a five pointed star configuration has
been selected, This configuration counteracts the tendency
of the hemispherical head ard of the star pcrformation to
increase their perimeter during the bturming time Yy appro-
priate tapering ~f tie erd of the grain. The ocorrect taper
w1l follow a filat curve, whiich, for praciical reescns, will
be approxiated by a conical shape.

Principal Data

Cperational data, ballistic ard physical properties used in

this study ave as followss

CONFIDENTIAL
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600 psi

187 and 220 secC

Chamber pressure

4 "o
e}
11}

Specific impulse, motor

o

Specific impulse, missile 181.4 and 194 sec

El
1]

Burming rnate ® = . /!

Specific wet ht of propellant p = 1.63 kg/itr = ig;izj
Ratio burming=-surface/Port area G = i-? S 122

Ratio Port area/Throat area Ap = 2.7

Ratio burning=-surface/Throat area E l_%’? s 33V

Weights and other design parameters
The weigit s of the various missile eomponents have been _
estimated by employing semi-emphirical formulas and similarity
considerations wi th exist‘ng designs. A method, establishing
a minimm required motor diameter and lowest casing weight for
a given woial impuise, is oulllined 1o deiell in a@ppedix 1 axd
2. A breakdown of components according to their dependency on
total irmpulse, thrust, payload, and diameter yielded the fol-
lowing relation for the "hardware weight" We of the investirated
configurationsg

W, = C+F(at +b)

with F = Avera-e thrust (cenct,)

t = Corresponding burnirg tinme

Values for C, a, and b are listed in Table VI corsidering

conscrvative motor weights:

CONFIDENTIAL
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TABLE VI
Payload Configuration C a b
0 : 390 .Q02070 . 0039
500 1' 890 .002063 .0039
% 1390 .002066 .0039
-
1500 . 1890 00208 .0039
3000 3390 .002058 0039
Based on the afarenentinned weight eqiations, a nunber of
configuratious have wcen established for une various pay-
loads and their ballistic ranges were calculated far a
specific impulse I = 177, Aerodynamic cocefficients used
for the performonce calculations are rercrted in TrS0
Hemo # 21. Ocsign param ber and resdbing ra ges ace 1isted
in Tables VII and VIII.
TATLE VIX
Payload Thruct | Duration| Tot. Impulse| Take-off{ Burn-out Diamet ar Ballistic
wel:ht weight | Motor | idcsile | Range-hIns.
10975 | 11,94 | 131,040 | dwv 795 1 16.9L ) 17.0 ;22,5
0] 11816 12.39 6,000 | | _ 7o 117, i 13.0 | 2T B
12869 | 12.93 168,100 15 § 785 113 | 18.5 | 28.6
13938 | 13.L6 | 187,600 1833° 833 15.09 | 19.5 33.5
—— — - —— - e ———— - r _—— — -
15989 | .41 230,400 2660 20 20,44 2C.5 24,6
500 i7hii2 | 15. % 262,500 2905 1501 21.35 ,,_215 Bee
| 18352 | 15. 283,360 | 3063 15L6 21.90| 22.C ka7 -

——————— e
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Payload ! Thrust [D.u'ation lTot, Impulse | Take~off ‘ Burn-out Diameter Ballistic
g { i veight | weight & motar ;nisailo Range=101i
L 21908 | 16.87 9,600 | 1216 | 2240 | 23.93 | 20 | s
1000 23946 | 17. 6u . L22,400 U616 | 2357 | 25.05 | P 225
2lis9é - 17.87 L39,530 | L7h2 2391 | 25.35 | 25.5 33
-t R o e i s ——— f e R
‘._27734 118,96 - 526,1400 : 5900 | 3085 | 26,93 | 30.C .4
29680 | 19.63 | 362,610 | 6317 . 3202 27,85 | 30.0 28
1500 % | 19,90 606,750 6507 | 326 L 28.23 | 30,0 | o.g__
Canda " 21 96 515 625 | B8OBT | 37 . 31.15 31 5 52,5
S 25,61 1,293,200 | 118A8 | L7ke 3; 78.3
63ooo . 28 61 1 7502, 450 15!491 | 58L8 ho 5 96.5
L1329 | 2337 | 957,600 | 10646 | 5525 132.8 . k.0 1 22,10
43761 . 23.85__ 1,0&3.700 - 11280 | 5699 1 33.8L _ Ls.of_ _30.0
Mo daus 20 TLhdos WS | F2 51 ;.gg._ “Zodl
_73_87%‘,1 30,98 12,288,000 | 20619 | 8378 |h3.95 | -85.15
9 | 3b.52 3,166,000 | 27196 | 10255 L8.97 | ! w.o 109.7

Take-of f wedshte vs Ballistic Range is plotted in Figure L.
(4) Modification of ¥lssile Configuration

Since no actual flight experience exists of solid propellant
micet lam of these gizes. the afarementl-ned ranges were
obtained for rather conservative missile weightse It is
felt, however, that especially the molor weights can be

E reduced aft:r regulis of & more extensive study of the
external loads ca the motor is available, Furthermore,
tests already caxducted demonstrated achievable specific
impulases of 200 sec and higher for solid propellant types
TRX 110A and TRX 121, A higher specific impulse and a
higher allowable straess will decrcase the weight of the

motor, which will in turn r- sult in more favorable missile

CONFIDENNAL
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confimrations, In oarder to estimate this influence on
the degign parameters, it has been assumed that the total
impulse required to transport 1 1b of hardware will remain
constant for a specified range., This assumption will serve
only to establish the order of magnitude of the chage in
the design paramcters and has been applied for the 1500 and
3000 payload configurations.

The relation %‘E 2 K has been evaluated frou the actual

e
calculated configurations and the values of K are listed in

CONFIDENTIAL
Security Information

lele II«.
TABLE IX
rayload Range K
.1500 : 3C.5 186 _
1500 52,5 220 _
1500 78.3 272 __
1500 96.5 308 __
30600 30.6 183
3000 50,81 221
3000 : 85.19 273
3000 | 109.7 309
Using now the weight equation
We = C + F(at + b)
with the constants: C z 1890
a = 00171 for 1500 payload
b 2 0039
€= 3390
a = .001708 for 3000 payload
b = ,0039

16
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pernits Yo calculate K = %‘t_ 2 £(F.t) amd to rcad off
£rom graphs presemting K =-ef(F.t) the required total
impulse for the estallishad K - volues,

Knowing the total lmpulse allows to celculate far

I = 200 sec and for an allowable stress of tae motor casing

of G = 65,00C pal (see last equation in Appendix 1)

:

vy

Wg = C + Flat + b)

Wy = IY
P = =505
: wo = we + wp

The resulting wveishts for 1500 and 3000 1b payloeds and
ranzes between 30 and 100 ¥ Mi are also plotted in Figure 4.
SECTI'N III - TYFE OF TRAJECTORY
The majority of S=-S-guided missiles existing or under development
perform talllstic trajectories. All these missiles opercte with & liquid
1€ neand of & comroiled power
cut-off, Relying on an accurate power cut-off, various methods for the
guidance sy:tems were devised, which result ir certaim impact accuracies

derending meinly on the accuracy in controlling missile pesition and

CONFIDENTIAL
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velocity vector at cut-off. Any of thepe methods may be applied also

to liquid propellant close support missiles., Tois 1% different far the
solid pmpellnm:, missiles, since no ﬁractical neans of obtalning a power
cut -off has been demonstrated as yect.

The General Electric Company suggests in their proposal of a solid
propellant missile a so-called "censtant slant range" trajectory which
takes the missile out of an initially ballistic trajectory with a steep
turn into a constant slant range. It is a varent that this shaping of the
trajactory requiring cantimious cortrol elinina‘es t'e nced of havirg a
power cut off, but it also reduces the range as conpared with a baliistic
traieciory. Consequently, in comparing a liquid propellart missile with
a sclid propellant missile guided along a constant slant range, one has
to compare the design parameter for a ballistic range with the ones for
8 constant slant range. A tyrical constant slant range trcjectory is

& & 5. In order W estimate the reduction in range, a mumber

of solid propellant configurations have been calculated maneuvering a
steep turn with approximately 5 g. The r sulting constant slant rarges
are plotted versus ballistic ranges in Figure 6.

SECTION IV - COMPARISON OF CONFICURATIONS

The resulting missile configurztions for 30 N i from the cormparative

study for aslid and liquid propellants (C-t;pec missiles) are shiown in

Figure 7, Their take off weight vercus payload is siown in Figure 8.

1§
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Pigures 9 and 10 present for the 1500 1b payload and the 3000 1b
payioed the take-off welght es functimn of renge for the two solid
missilee (Fg, ® 187 sec, ¢ = L6,000 pst and Fgp ® 200; ¢ = 05,000 psi)
and the faur liquid missile systens studied. From these two figures it
can be seen that the lowest take-cff weights will be achieved with liquid
propellants of punip feeding type. Solid propellant misnlles and liquid
propellant missiles of alr-pressurization and gas-generalor type are
very close together in their take off weight requirements, Tiis and the
fact of having smaller dimensions and ;re:ter siplicity favors definitely
for close support application of solid propelliant missiles over liquid
propellant missiles of gir-pressurization and gas-generator types. It
leaves then for ‘he final selection of the best suitable propulsion system
for the close support missile type to compare and weigh simplicity and
enmpactness of solid propellant missiles aja'nct the scmevhat larger and
more complex pump t:pe missiles of lower takee~off weights,.

The following enumeration of unfavorable and favorable features of
the solid propellant missiles compared to the liquid pump type missiles
will assist in this selection: |

| a, Unfevorable fcatures of solid propellant missiles:
(1) llo means of thruct cut off (at least at the present time),
This incrcases considerably the difficulty in th.e cnoice of
an accurate guidanrce sysiem, Choosing a radio system requires
radsr control all the way and any chocen system requires a
special trajectory shaping which needs a higher mechanical

and contrnl pow r, leadin; to a heavier miscile than needed

for a purély ballistic trajectory. CONF'DEN“AI_
» - Security Information
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(2) A slightly lower specific impulse than most liquid
propellants, '

(3) High take-off scceleration and shart turning times may
bring complications to ground equipment and flight control.

(4) High cost of propellants at present production statuse.

(5) Heavy motor casing structure by high pressure application.

Favorahle Features of Solid Propellant Migsiles

(1) Density of propellants higher than any liquid propellants
in uss.

(2) ©No propellant feeding sy tem, thus eliminating the need far

pumps, turhines, gencrators, pressure bottles, heat exchanger,

control valves, nain valves, piye systems, and auxiliary
electri¢cal equipment.

(3) Yo injection system,

(L) No cooling system for ¢ mbustion chamber, thus eliminating

double walls or tubular channel arrangemert,

(5) Combustion chamber and propellant containers are an integral

unit, res 1ting in shorter missiles and reduced heights of

guperstricturcs of test-stands,

(6) Mo filling system required within the miselle, thus eliminating

the necd for valves and pipes aboard and for valves, pipes,

metering equipment and scrvicing vdhicles on the ground.

(7) No propellant stora;e and s pply facilitics required,
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Reduced time [or lmunching preperations Wy not having to

£411 ths conbninera, to replenish veporized liquids and

to check the propellart feeding system.

No materials required able to with stand a&ggressive propel-
lant s ur brittling effects of very lcw propelilant temperaturese.
Higher reliatdlity, since number of ccmponents is essentially

snaller than in a pump feeding liquid propellant gystem.

SECTION V - SUMMARY AND CONCLUSICN

Fesed on find'ngas of an OR0 = Target Evaluation Study, the range of

a close support missile has been specified to 30 M Mi, Concluding from

the referred target evaluation study, il can be stated that maore than 50%

of all targets of imwediate interest to AFF can be found within 20 to 30 N Mi

behind the MLR with & small mumber of possible targets tapering out to

approximately 250 N Mi. Targets within 30 N Mi are partly out of the

range of heavy artillery and may also be too numerous to justi fy employment

of short or medium rarge missiles against them. For these reasons it is

believed that a close support missile covering a madimum range of 30 N Mi

w11l close an existing gar in the Army weapon sy: tem and Lying & high

percentage of tactical arca of imeediate interest umder contrcl of this

new weapon.

The tactical amployment of a close support micsile calls for le:nching

sites close to the front lines for whieh rugscedness, simplicity, fasitest

preparation ti-es, least ground equipment, and smallest possible dimensions

are of paramount interest. Inspecting the results of the comparison study
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a8 shown in Figures 7, 8, 9, and 10 and stated in section IV ghow that
liquid propellant pump type' missiles aro not competitive in meeting the
aforementioned criteria. They are of a small take-off wsight, & favcrable
characteristic which in itself is not of sufficient importance to compensate
for the other less favorable featurcs. The s0lid propellant missile comes
clesest in representing all these desirable feAturea and will constitute

the test solution for a close support missile from a design and production li
well a8 operational point of view,

The recommended missile is, thcrefore, & 80lid propellant t,pe missile.
Comparing the missile dimensions in relaticn to their respective useful
payloads leads to the conclusion that up to 1500 1b payload the missils -
dimensions differ only sli htly. The dimensions are strikingly different
for 3000 1b peyload. It appears that the sclection of 1500 1b payload is
the best combination of smallest missile and heaviest payloads for which
HE or NE-warheads could be used altermately. It can be anticipated that
the introduction of a close support missile will force some targets out
of this specific range. In order to meet tiis resulting candition, it is
suggested to add to the close support missile a short range missile, The
same considerations as applied to the close support missiie lead also to
tha selection of a solid rropulsion system for the short raye missile.

As mentioned in section II, pzragraph ¢ (L), there is sufficient
evidence to believe that higher solld propellant per formance may te expected

te be utilized in a near future development. Assuming this progress in
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propellant development and the concept of a close suppart missile and
a short range missile, two missile configurations hased on a nominal range
of 0 N 1Ml and 75 N Hi and 1500 1b myload have been sketched in Figure 1ll.
SECTION VI - RECX)}@EM‘IGI
It is recomended to sstablish the concept of controlling & ze of
approximately 60 N Mi from the frormt line into enemy territory by a close
support ard a short range missile. Both missiles are to be tased on a
solid propellant basis, on a nominal range of 30 to 75 N Mi, and on 1500
1b peyloads HE and NE. The design will endeavor to retain nose and tail
section for tth missile types and make the comporents adaptable to either

motor required,

o & Tl

APFRCVEDS K. E. PATT

,-'
6( 2 I-’\’._ t? ¢ ) @[Aa./aw g
A. K, T!JEL R. C. CALLAWEZ R
Chief, TFSO
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APPEIDIX I

Dete rmination of the motor diameter

In order to establish the relations between motor dimensions, thrust

ard duration, for a prelim nary study of a fmily - m sgiles, the fol=-

lowing method has been aprlied for grain configurations teased on geometrical

relations as shown in Fipure 123

The Port Arca is determined by its geometrical dimensions to

Ap:s R,zr .'2Q‘(X_R‘ dgoL)“‘ Q'ZC{S (X]

substituting « = 36o for a S-pointed star, ylelds

Ae _ |
X o R, 0.0968 R,

The initial burning-surface is in good approximation

Ag <L [5R,r v 10(x-Rclga))* 2(x +R,) ¢

Taking a slenderness ratio of the pord
L,

2(x fR,)-7

as used for the A-2 motor, amd a ratio

Ae 22
Ap

results in

122 Ap= 14 (x +R,) [5 R T +l0 (x~ R,dgd)Jf 2 (x 'p’)zf

(2)

(3)

(L)

(5)

—.
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1]

x =% VO 834 Ap +.0.5R* ~ 0.6125 R,=-A-£ - 0.0968

10 R,
(6)
or R, = o.n7_V;; T

Acoording ‘o Fipure 12, the dHameter of tne motor is

Dy = 2Ry~ 2(x+R, +ct)
A
p P

Dy, 2(,0,2’ * 0.9032 R, *rt) o

Since the thrust and turning times are dependent con the pressure

sensitive buming rate and surface, a miniommm satisTactory value of the

flow channel area A.p is usually and successfully spccified in terms of

[¢)

the buming~surface Ag by a limiting value of the raid

G:%ﬁ (9)

‘The use of this restriction, the selccted charge shape and the
aforementioned ballistic properties, determine the required charge rass
and by that the dimensions for a motor of specified performmance dala hy

substituting

Ag . 122 and Ag = —1
AP' r .y; -:I

in equation (8) which yields
Dy = 0.L466t + 0.1086 ' F 3 for I =187 sec (10)

(W4 n W m
Dy = C.LO6GL + 0.305C / P oy forl

(W]
N
(@)
(@}
]
a
[

(11)
where ¢t = duratiom (sec)

F = thrust (1b)

Dy 3 diameter of motor (in) CONHDEN“AL
25 Security Information

RS U —




CONFIDENTIAL
Security infermatien

AnY glven total impulse can be obtained with various combinations

of F and ¢, but only one combination renders the amallest motor diameter

for a specified totel impuise as shown in Figure 13 for total impulses up

to 2,000,000 1b/sec. Evaluation of Figurc 13 (obtained from equations

10 and 11) also yields the relation between Dy min and duration t with

(12)

which is apparently independernt from the specific impulse.

Substituting the Dy,

i o

Min for Dy in the general equation of the motor

diameter (equations 10 cr 11) renders the relation between thrust and

burning time dependent on the specific impulse for D3'§! = configurations.

D,
“¥in

21,4187t =.L66t + a [F
wiere a = ,1086 for I = 187 sec

a 200 sec

.1050 for I

or for I = 187 sec:

F = 76.97 t2
ard for I = 200 sec

F = 82,32 t2

F and Fot va t for D = Drs.,
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APTENDIX 2

-

Weight of Mot or Cgsing

The chamber welpht waes obbainsd from the

a thinmwalled prossure vessel cousisting of a c;linder with hemispnerical

andsi 1, .
- XD (%  da
wc-y~fc[rDLc+ L ([¢+7c_)]

where ‘3(:— = ratio of forward-head gage to cylinder-wall gage

= .8

da . ]

7‘;—— < ratioc of aft-head _age t» cylinder-wall age
2 1.6

4 = material demsity = .283 (1b/4n3)

& ® cylinder-wsll za_e (in)

D) = diameter of casing (in)

L. = lergth of eylinder (im)

Using now & rutio
- Le o-D
A D and J; > o

where D = averu_e clwmler pressurs s 600 (

Gz allowable siress considering exbtcrnal loadc (psi)
The above weipht equation may then be written:

D3
- D (1t}
W, = 1386 = N

“CONFIDENTIAL
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It was assumed that the propellant would be bonded to the immer
surface of the chamber ‘by a 1/10 inch, rubber-base liner of density
f, 20.05 1b/in? |
The weight of thi's component is therefcre given b;
W, 20.0L9 D2 (18)
The nozzle wei ht wis computed by the following formula, which was
derived on the bases of thie "Sergeant" nozgzle design: (JPL Progress Report
No. L-118)
Wy = Ap (241 +13.73 . 200 L o )
where Ay = Port Arca = '?‘;,iz"m = 00319 F
o Wi m F (0,O0763 +8,000000Lk Y F)
A mumerical evaluation resulicd in tne following aprroximations

Wy 20,0081k F (19)

iver loce of 2% Af the total amount of

Wep, 20,02 St = 000107 P4 (20)

The tctal weight of t:e motor including sliver-loss results then tos

Wi a We ¥ W+ W+ Wop, = %, D’ + 0,00814F +0,049D? + 0.00G10TF

W = D2 (léafi.é D.0.0L9) + F(@OOGLL + 0.000107t) (21)
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The atove equation for the wedght of the motor indicates that the
lowest weight will be aci:ieved at the smallest required diamete'r of the
mot.or. Tufs justifies Lhe use of thie thrust-duration re;latim rertaining
to D’hin' TWo motur weihits as a function of total impulse have bean .
calculated, one for a conservative assumption of ¢ and t.e other for a

higher but still allowable stress (approximately ¢ = 45,000 and 65,000

psi)e The weights are plotted in Fi;ure 15
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