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I. Introduction

[Improvised rockel motors provide a simple means for
trregular forces to deliver military payloads to rangss bevond
individual hand weapons withoul complicated launch means.
Improvised rocket techniques can be exploited to increase
the firepower and eflectiveness of guerrillatype lorces.
Having the great advantage of nol requiring heavy launching
equipment, such as conventional mortars and artillery pieces,
rockets are aptly suited to the characterislics uf operations
undl capabilities of irrepular units whose weapons must be
concealed belween use and whose transporl and logistics
teans are restricted to that common to the area of opera-
tlons.

The advantages of an improvised rocket munition are:

A, Recoilless operation,

H. HSimplified launching techniques and apparatus.
(A mound of dirt may suffice v Lhe simplest case.)

C. High degree of mobilily. (Only the payloud, mator
and ignition device need to ke carried )

I} Munitions can he fabrieated fromn materials avajlabile
friom Lhe environment or the loeal economy,

E. Unskilled labor can he used for manufaciuring
operalions,

F. 'I'he identity of the manufacturing cffort can be easily
concealed,
This report will investigale a sysiem using and providing
the following features:
A, Use of common materials for construction (pipe, pipe

caps and nipples; salipeler and sugar; wooden dowel,
&t cetera),



K. Hecoilless, flushless performance.

0 Aalaplabilily Lo w wide speciram of payloads and
ratges,

17, Suilable for a vareiy of igonition means inchiding
porweler Tain, hol wire, Blasling fuse or homemade
fuise,

L, Capability of being fired remotely or with a minimum
of ) seconds delay for operlor secunily .

B, Capability for instanlancous lving of muluiple round
alvos oF single vounds {for harassment or ranging),

(7, Esinblishment of a relalively “standard™ rocket
carvier doesign, determined Irom the materialy avail-
able in Lhe parlicular area, {This will simplify the
brallislics and provide the forces with o prodictable
Waapol.)

Seclion I, “Technical Diseussion ™, deseribes the analysis
and design approach e be used in providing the improvised
hardware, [L also outlines Lhe problem areas and consider-
alions in providing reasonably vseful muntions in a surrepl.-
tious Fabrealion situation where guality conirol and manu-
facluring processes must be accomplished without tools other
than commeoen hand toals wd eve hall™ inslromentation.

1I. Technical IDiscussion

AL BACEKCROLUND

I the peviend TH3Y to LHET, o barde namiloer ol smatenr
rockel experitneniers were elgaced in ihe manufaelare and
testing of rdimentary rockets. By 194175, the information
Meom the Weorld War 11 rochet sechaoiogy begm tor Do
ducumented and disseminaled, covebing Lhe imagiestion wod
mmteresl of muny voung experimenters. These persors, work-
ing alone or banding into avoups, produced many nararcois,
anad even lethal ) rocket propelled massiles, Linlorianately, the
hosardous paluee of the propellants geleclod, soch ae el
heads, shotgun shell powder. and bhomebrewod mixtores of
vorlialile and inflammable materals, proved nwre daogerous
ity tha basement or garage laboratory chan onthe fiving range.
Thee lwrge nember ol dnjuries Proen the anoorlrolled exper-
rrcntation led to many local ordinances and laws prohihiling
Lage sales ol eerfain musterials and also resiticling the fiving
artivitics 1o areas where adequate aupervision could ue
prrovided. This seneral awareness ol the hosards of roekel
erperimends began about 1837, ovidenced by the American
[Loched Soviely sdopéing an official organizatlional position
appozing  amaieur oxperimentation  outside of qualified
supervision, [nospile of e eskriciions, e expermentens
still Found eommen materiale which could he adapled to
produce voclet hardwarne,

During the decade of more or less widespread amadeur
cxpermenlation in rockeby, many combinations of pronel-
lant formuoldions were miade and tested, Ingenious experi-
menters devised ways of extracting nitrates from the cheuap
and roesdily availakle fertilisers having this eompound . Mixing
thiz source of oxygen with various fucls provided wery
adoguate rocket propellant:. One of the malerials found o



peorendily secessible was sugar. A sucrose-pofassium nicrate
lormuialion provides o speeific Impulsae (as derived (rom
B dsnie ol bl ol alwsal T30 - 10 zeconds, In actnal
racknd molor perlormwnee oo vhe order of 1040 seconds is
rendily alTainable. This compares winn an Iy of 200 lor M-7
propellant, currently in wide nse i mililary rockeds,

In preparing Unis book gevernl pipe rockets were assem-
bled and fesled against wooden targels at short rangs, de-
monstrating  the leasibility o the propellane and  boedy
sy,

Thls study proposes suerase-potassionm pitealoe for the im-
provvised  rockel propellant. Bothy Lhese materials can hbe
abuained In omost a8 the world, partieniarly in those areas
whoere  inanrgency  opeval’ons are most prohbable. These
desipng for oan improvised  rockel wils concontrate on this
propellot misture as the Ustwowlavd ™

In providing an improvised munilion of this ovpe, this
sludy will give aliendion Lo the following area.:

AL Propellun! graie formuolialion and configuration.

B, (rain instellation in rockel body Por integricy in
rough handling, sworage [ife expectancy and reli-
#hility i handling.

0, Assegsmend of environmental effects such as opera-
ling Lemperative ranges For wvarions possible geo-
graphical areas, bumidily and fungus.

D. Bafety.

Training.

=

I, Effects of warintions in malerials of construction
on saloty and performance.

G Securty Aspects
Means should be proviled to concesl Lhe true nalures
ol Lhe iloms being fabricated,

', Launching preparalion should be simple allowings
rapid selup and firing.

I Sigvuturs elfeces al the weh site shoukd be mini-
LryLLITE .

4. High reliability of operation should he obtained to
avoid problems of disposal of duds,

ur effort will provide:

A, Specific hardware designs and sample protolype unils
of rocket motors of simple design constructed from
common materials such as would he readily available
to guerrilla-type forces,

B. Generalized design guidance for instruction of guer-
rilla personnel in the construction of improvised rock-
eta, including safety precautions.

C. Descriptions of firing procedures, including rudi-
mentary ballistics and fire control under probable
conditions of uge,

D. Investigation of reliable ignition methods. Also,
means for ignition of the improvised rockets for {iring
individual rounds and salvo or ripple firings of multi-
ple rounds,

E. Report of effecls chiainable from lhe improvised
rounds, including: range, payload, probable disper-
sions under slandard and non-standard conditions and
possible type payloads,

F. Prediction of degradalion in performance from
cptimum  due to  fabrication wvarianees, malerials
impurity, field handling, storage and environmental
conditions.

B. DESIGN CONSIDERATIONS

This study’s proposed design will be hased upon rockets
using malerials  obtained from normal agricultural, con-
striuction or eommereial sources, Referring to the carly work
done by the amatuer sroups in the practical application of
rocket design theory to thelr hardware, thelr experience indi-
cates that some experimental verifications and detailing is
required before scale-up of their small diameter rockets (4
to % inch water pipe bodies) to militarily wseful diameters
{minimum of 2 inches), These include;



A Lenglh to INamedier {10017) Halis

A cerlain maximum {LD) ratio cannot be exvioeded
wikhoul generalion of exoessive chamber pressures,
whith i raplure Lhe chamber wall,

B, DMroncllant “Watering™

A certain content of wator is necessary ot efficient
prosrloremmuriee, "Thig s Do relermed Tooas an faid Tor
compactiion™ by some atalenr groups, but the real
michinism allerting performance . mast bBe detre-
mineed

O, Port THamreteor to Nozzle [homeler

The wsual rals, Lhal Lhe pore g mush be two to
three times the oorele aren dues ol seern Lo bold
rigorously Tor the radner soft, erodible gram formed
by KNO g sugar, This should De investipated.

Lo EdTective Bursing Area To Threoal Aecea | K

Altemypzs have heen macde by Ahe armadears to eorrel-
e waricus  oworking geameines by Ko Aulswpls
pdicated ithal a orowable rragss-action or permealsls
oming ofect males this relationship not wheliy
strgighiforward, Thiz will bave w b definilized
bolore meiors birger than bawo inches ean he designed.

Tl e on hand Prene the Frings of owver 4 thousand
rockols assembled and fired by oa proup ol privale experi-
menlers comprsing o rockel rescarch associalion, now dis-
irarcled. This group, allhouph nsine rudimentary materials for
constrnelion, mainlained their records of fabricallon and
Lesling inoa prolfessiongl manner and I auficlent detail to
veproduee Theiv designs, Uhe bulk of the fnoors thin o 2hou.
sand ) unily preparcd by this group were rockets fashioned
Frow Shodard 3 inekh and W ineh pine. 1113 helieved that
aimilar desipns can be sealed upwerd o provide rockels
al rwo ineh diameter having a maximum raogge of 1,000
e lers carrying @ oie pound payiosd, or cormespondingy
siterier manges Pov ereatey sieed pavloads.

C. DESIGN CONFIGUHATION AND PERFORMANCE

A * 82 standard™ [ 62" 18 the luner diameter of commaon
L4 mch water pipe) motor has beon fabricated and test units
fired with piezo-clectric ganges alfached, Burning times are
much shorter and thrust levels higher than performance of
the propellant in amateur teseing has mdicated. However, the
totl impulse seems to agree quile well, On the bagzis of these
tests, & set of curves was drawn to show payload delivery
capabilities for the “.B2 standard ™ and also o 82" motor (34
iich pipe). These curves are shown in Figure 1%

A one pound payload, as an example, can be projected o
800 leet with a 62 motor and more than 1,500 feel with o
.82 motor, Kxtrapolating to a two inch pipe motor gives a
range of nearly 12,000 feet for a one pound payload,

A conceptual drawing of an improvised rocket motor
embodying the concepls ouilined in this proposal is shown
in Figure 2,

Figure 3 shows the procedurs lor loading KNOg/suoross
propellant. After compacting. the grain with the hollow
lamper, the mandrel (dowel) is removed i leave the perfor-
ated grain,

[ DEVELOPMENT PROGRAM

In providing an improvised rocket concept, this study

pProposes.

A, Examinalion of bagic design models to establish
definitive criteria involved in predictable scaling of
motors to meet variable diamelers and characler-
1stics of possible body eonstruction materials.

B. Performance of testing to validate and formalize
the sealing laws,

¥ Although pipe sizes in o given orea of employment may
not he identical with standord U5 pipe dimensions,
performance showld be comparable.



Curves are computed from the eguation given in Paragraph E
with the totadl impulse obtained Irom actual rocket tests.
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LOADING TECHNIQUE C. Design and development of a typical improvised

For Improvised Rocket Motor rocket molor suitable for construction by unskilled

— .j__,. personnel using commeonly available materials and
Ll r

——

toals,

D, Fabrication of 65 cach proiolype Pipe-bodicd rockea
o TAMETR {all loaded with KNOgisugar propellant], of the
: following pipe sizos:

_.r 1/2 mch
e 3id inch
i v 1-1/2 ineh

A = 3 inch

3

) §,,,_'.~=_f,-'$lg__\ B.. Test liring of the above mnits, expending 25 of each
\ ke t¥pe in statie tests for characterizalicnegnel A0 euch in
' s payload versus range tests, with 12 108 pound mert
I __«-’F ""L":_'I'I_',‘L_):N“('i” heads, Impact pattern data will alze be colleclerd for
an indicatiom of dispersion.

A

SN RURNL D e

F. Preparation wnd submilts] of a finat reprt: descrihing
the designs, fabrication proeedores for ficld accoms-
plishment, [iring and Lumching procedures, safety
meagures and the program  aclivily  sceomplished

MOTOS THRE during the program. A supplement will e propared

e for the improvised weapons handbuooks for each sine

o~ rockel motor tested and ranwe tables provided.

i

T

b

MAMALEL in addition Lo the basic rocket carrier, it is proposed that
L a study be made of Lhe employment of the rocket as a pracli-
cal weapon, including possible pavloads and the implicilions
and mierface considerations belween the paviosds and the
rocket. The effort will include:

/}L" LIS,
1Y
1Y

A, Swdy and design of ignition means for individual
and multiple round firings, including delsy provisions,

| B. Payload interface investipalions, including recom-
i mended payloads, methods of atlachment, arming
ik andd activation, performanc: characteristics and moddi-
T Figure 3 ficulions required to adapl rocket and payload.

10 11




L, PREFORMANCE OF POTASSIUM NITRATEBLGAR
FROPELLANT

A eomposition of 707 Potassivm Niwate Technical Grade,
1iH) #0 mesh [Tylery with 30°9%F sucrose, commercial grade,
cryslalline, plus 3-5% wwer 1o ald in compaction for grain
fabrication jinterna! burner only’ has been lesled o ballisiic
bombs, providing the following data:

Assutming a moleculay weighl (MW = 30

Ratio of spocific hewts () = 121

Temperatare of vombuslon (1,1 - 2840°R

Gives o specific impulse 11} = 137 see (300 psi = 15 psl)

T a partivulay motor, the following delerminations were
il

CharacLeristic exhauss velooily (o¥) = 305G fps
L, = 1015 see
With a thrusy coefficient (U} =110

= 0.03 Ibyin3
2800 fvec
jut B0 psi)

Al a propellant densily

Burning rate (g}

Lower limil, combustion chnamber
pressuae (Ph)

about 10HD psi

rmasre than
7o) ps

Upper lmit, P

o AMRough commercial purity malertals ey mot be el
alfe to fleld jorces, stamiderd materigls nre ciled here for
reference and later compoerison with eelual resulls ob-
imingd.  The degradation of performance [rom the use
of “field grade™ purily compositions will be fnveat igated.
It is possible, however, thaf materials cun be abigined in
pure form, therely achicving optimum performance.

12
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The performance of this propellant, then, s slightly supe-
rior to black powder, The specific impulse derived from
motor dats was used to compute the range versus payload
graph of Figure 1 as follows:

2
1 ITg
Range at 45 ¢levalion = -—
g wm+wp+ i
a
Where: g = g:mﬂtm.iongl aceelireation
492 ft/sec?
[y = total impulse, lb-se

= gpecific impulse x %pv]]unt welight
W™ Wweight of motor, s
Wp = weight of paylead, s
w = weighl of propolant, 1bs

F, PAYLOADS AND MISSIONS FOR IMPROVISED

ROCEETS .

Once ihe basic propulsion unit is available, only the inge-
nuity of the guerrilla personnel lmils ithe possible missions
for ihe rockels. A nuwmber of payloads are immediately sug-
gested, ranging throughout the spectrum of regular munitions.
Possible missions are shown in Figure 4,

There are some types of payloads such as incendiary mix-
iures and biclogical materials which can be pul {ogether
guickly by the guemilla fighter, for example, Lthe Molotov
cocktail mixture,

It would be postible to assemble improvised ‘“‘tomato
can” munitions for use with ihe improvised rocket, High ex-
plosive eharges, swrounded by available small hardware such
as nails aod bolts could be prepared tor delivery with the
improvised rocket.

13



HAPROVISED ROCKET MOTOR MISSIONS

SUPPORT MISSIONS

OFFEMNSIWVE OPERATIONS

Line Thrawing

Antipersonnel

Access arross ohstacles

Gremade throwing {shrapnel, concussion, tear gas)

Projection of telephone wires

Antivehicular

between two friendly positions

Shaped charge

Signaling

Antistructural

Projection of flares and smoke

Shaped charge

Projection of message containers

Antiaircraft

Ripple firings or simultaneous launch of rockets

carrying alaft trailing wires

Sahotage

Remote firing of pre-pozitioned and concealed

units into 8 secured araa

Prajection of conductors over high tension

lines or into transformer stations to shart out

servige circuit

Figure 4

It 15 azsumed Lhat e gucerriliz Forces w ]l Lo oreoed 1o
sotne degree wilh converiioaal weapons, pamiculaely ad
guns and grenades. 'The most ol et yve oy ioid Jor the fmpeo-
vised rovlol i3 the srenads: Lhe proposed primaey mission is
gz a grenade thrower, Mvailable i aarey o fllings, e
grenade provides a reliable, sell-comained el cassly alTixed
to the improvised recket cardier by newerlion in a0 open
ended can Tasteneel to the pockel head von T oe e would be
of w size o allow pulling o the grenacde =aloly pie while
restraining the hant safety clip of the Vs e crenmdos,
Alr drag during flighl can e vzed Lo seporaie Lo urenade
frome the cin, or the memwle oo be arvaegsd o :wF"|1]IiI’.'-]||"!
{and army al ground impact, Other abmieg onovaiines can
be deviend Tor fdiction madeh (pull tvper wovoms of somae
Forcien srenudes,

Tl improvizsed rockel™s grool mlwm;& B Ll ik o b
made in eurderale nombers quickly  with ordicary hand
tools, or its pars can be pre-falricated oood stored as parlially
finishied stowk, presenting the appearner of wome unaaspi-
clous commetcial product. When ceoded, the nnils ean he
loaded rapidly and assembled into the Laclival von ey stion,
Payloads can be affixed and oven Tinal seembiy con be
accomplished under cover or coveenment ot or near ihe
Aaunch soe Domponents can be brocehl ince tae asseoibly
are by soparate persons o scouriiy 0 e Qperalicr aned
perscnnel, A typileal launch owren selap showing 2 powdoer
train ponicion method s depicted i Figuee 5, The cireular
Leuneh confipuration and the conmal orgin for powder trains
e oenelt rocker allows ripple fivings without one rocked
exnansl extinglishing the powder Lrain ol aljacent rockets,
The Bwnch support shown in Figure 3 s 2 oample Gorked
slick cul looa stve o allow Lhe 458 lagunch angle. This s
acvamplisluad by providing the vertical height of dhe support
Lo e T 0100 of the lenglh ol dhe rockel body Lo Lhe point of
s,

[ aaclelidion Ly slick supperts, mownds of die, convenient
cimdkmkment-, dridn pipe or slove pipe, wooden Lroughs or o
virie by ol celhaer resderiads aa mwidlabale dnochae arei v D s
Fooe v et paostlicnione ool noesal daeeelisal cond o,

1%



LAUNCHING SCHEME

TYPICAL MULTIPLE ROUND

FOR 45" LAURCH

ELEWATION

)
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Figure &

Figure 6 shows exumples of eniction means winich can ke
uged For firings of individual or muliple rowneds.

G. TACTICAL EMPLOYMENT

Although the improvised cockels o of velalively small
size, they can be used for projecting velalively heavy payloads
forr shorn dislances, For oxampric, They mighl be wsed a3 anti-
vehicular or even anli-ank weapons, Inosuvh use, the rackel
would b pro-positioned with o s owaeheidd and ignited
remnotey. A typical emplacement mighl beoeoan esndus kowen.
Oanking a delile or road travelod by vehicles, A very largs
withiend could be projected o arelatively i vojoctory for
a range of 10-50 meters,

I'ne  fabrication of shaped t:har&tlwie:m i readily
accomnlished n the fleld. For example. the hotlom confis-
uralion of many wine boblles Cormy an execllently confimared
muold and Bner for o shaped chargs. 10 s also possible Lo
improvise an impact iniliator using sodiuvm chlovste, supay
and salphuric acid (car batvery acid).

The possibie uze of the fmprovised roclkols g antiaie-
craft. woeapons should not he discounted, Avrnged in arvays
under the approach or take-off pattoms of wrporis, or pre-
positioned in probable laodieg areas Beopircratt or heli-
copters, Lhe improvised rockel couad prove o rewsonally
offective one time weapon. To would also e possible Lo ke
Lthe rockews for alr defonse of an osres By fpunching salvos
again=l pre-swelected points in vhe wirsvace over the guoemrills
rrosition, {iring the rockets unon the approach and passage
through Lhe airspace by the tavged aiveradd,

An interesting mission for individoal rockels iz in the
throwing of lines. A large variely of uwses s poassible here,
In acls ol subodage. conductive wiveg cim be projected over
high Lension lines or into fradslormar slalions L shoerel out
eirenils ol the olectrical  supply. Sincr critical eleclrical
Favilivies are likely o be weder close secuwrity pouand or
surveillioer e ahilily we reach the installavion by vecket
Frieeal Aveam e wanenee presinl csndaiele Lhae securily areg provides
aca g wehicle maghl cnbwerseise bee impos=ible Por vhue sabioloaes,

17
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IGNITION METHODS

Figure 6

The same wire pulling technique can he used for friendly
support purposes — L interconneet two positions with tele-
phone cable or to place alead line across an obstacle o draw
across a heavier interconnection lor furlher aecoss aeross thae
abstacle,

The improvised roclket wousld he bost omploved sih pay-
loads and missions which explot ine busic fealures of the
improvised device, These missions are:

A Grenade  throwing for  antpoersonne]  and  limited

striectural damuge.

B, Line thyowing For acecss inio scoured amas or in
spanming ohstacles.

Ther puerrilla ’r'nrn:;ef' having o rockern capabilily will find
miszions for ils emplovorent 1o ‘hi‘l ey neisds arising
in their envitonment. They will wse bolh nudividuaal reckels
Lov gl gpeecilie aecess problems and mooliaple roeund firings
for their defensive and ofienstve opetalions, The improvised
rowkoed will add a shack and surprise capahility o insargent
operation:z. It will give Lhe agents pol only growler slriking
apportnnity  but better security ancd abilicy Lo cscape after
avticn:, Ouee wsed by Lhe goerrilly Tosee, rockots will expand
the apposition’s manpower requived for the secuaricy of vilal
inalallations, maiking the counlor®surpeney offort maorns
Burdensome and cosily,

The improvised rockel will addd 2 dimension o guervilla
operaticony impacling hoth the tacltical and  pesyehologics]
greas of Lhe insurgency siltslion, The roclet capabilicy will
strongthien the offectiveness and morale of the guervilia foree,
while presenling the opposing aothonty with a new and
unex pecled problem, Increased supprossive elTorkh over largor
areas must be applied lo countey the suddenly increased
vulnerability of his installations, equipment and personnel.
At a very low cost Lo dhe guerrilla in uime and elfore, his
haragsmoent  valne will be enbanced slgnificantly  through
addition of the improvised rocket Lo his Pargenal ™,

19
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APPENDI N

Tanle I, lollowing, aives the resalts of more Lhan 1,000
{est lirings of polassiom niorage/suerose propoiied rockoels
using a propeilant formulazion as described in Pacsgraph L,
Quetion (1, “Technical Discussion™, Tosts worn cunducled
during Lhe period 1801754, Nomulion need un Table 1T lollows
ihe comventions outlined in e seciiom Eallowing |he Tahls:
“#gimple Fxprossions For Guick Look Eslimatlons of solid
Propellanl. Kocket Motor Pevformuanee™,

21
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Ferehlorale
Liramnposide

100 psi

1501

“ifrate

Composile

Typical Values For Salid Roclket Pavami ters
Sunroesiae

SIMPLE EXPRESSIONS FOR QUICK-LOOK ESTIMATES
OF SOLID PROPELLANT ROCKET MOTGER PERFPOWEMANCE

116

APCR
A6

1380

SHY prsi

rolussinm
“itrate

rhlinfsec)
1,000 pai

L26 can be uzell a5 1k value for all propellanty
1,000k psi

Hasic Equations

Cp

L5

CLDSEI) ROMB DETERMINATION OV SPECIFIC TMPLILSE;

Bomb YVolume = ¥V oo
Propellant Welght — w, gm
Maximum Prossure - P, ”.-.Iln'l'i_'ﬁz
Impotus = Fimp ft-1b/1h
Finp =k i.
Wi
K| — 2,307 (covolume and dimensionless
unit conversion Faclor)
o = ky {Fimr;:-:' 172
kg - 772 (unil conversion factor}
T =" Oy _ KyCp (VFimpt 142
E
Loz — 0.2410 (dimensionless factor)
I5 T kg {Fjpp) 172

1,006 pasi

ky - 0,379 junil conversion faclor)

NOTE: Constantz ky, ks, kg and kq above are empivically
derived fuciors which give approximalions o the guaniities
crprossed Tor guick look evplustiony of the proposed solid
priopellant rockets as derived oom amatoor group exper-

maenta,
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