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BallisticPropertiesofPropellantContaining

Nitropolyurethane

S.Abe+,K.Namba*andA.Iwama++

htrodtLCtion

h previouspaPerl),thephysicalproperties

ofsomenitropolyurethanee188tOmerShave

beenstudied. ImthispaperWeexamined

theballisticpropertiesoEthepropelhntmade

with thenitropolyurethAneWhichincoporated

positiveoxygenwithinthebinderstructtlre.

The polyu托thane-ammOnium perchlorate

(propelhntA)andthepropeuantcontaining

themitropolytxrethane(propellantBAndC)

wereprepared,andtheirphysicalAndballi-

3ticpropertiesweredetemined.

ExperimeTLtAl

RAW肋 terhb

Polyglycidyl血 teglycolwaspreparedby

thepolym erization ofglycidylnitrateand

thenwaterwasevaporatedinvacuoat120℃.

Polypropyleneoxideglycol,tolylenediisocy-

anate(An80.･20mixtureofthe2,4-and

2,6-isomers),andtrimethylolpropanewere

obtainedcommercially.Fedc&cetylaceto-

natewas tWedaSaCuringcatalyst. Am l

onitlm perChloratewassuppliedbyDaicell

Co.,Ltd.

SizcofG血

Thetd propellantgrainswereintem81-

extemalburnitlgtypeandsizeoEthe卵 in

wasshowninFig.1.

ThetetISilepropertiesofthegmiJu Were

determined on the hsisoEtheJapancSe

Fie.1 SizeoEGrainhdustriaIShJldard(Its

-Kl6301):Dumb-bellSh8pedP&ttem No･3te

stpiecesWereuSed･AShimam autoqapht

eJuiletester(ModelIS-1500)wasusedto

meAStuethetensile*DepLtmentOfReactio
nChemistry.FACultyofEnginee血g,UniyerBityof

Tokyo,Tokyo,JAPAN～InstituteofSpaceAndAe
EOt18Jlti血IScience,Unive柑ityofTokyo.Tokyo.JAPAN properties:tensilestr

ength and elongationmeastJrementSWereCOnd

uctedat&n∝tensionrate(initial)of500mm/°in.

ReedbAndDi虻qdotIThecompositions0Et

hesepropell8mtSaregiveninTable1A

longwith thephysicalpmperties.Thechemi

calfornuhtionofallpropelhntsusedinthepresentwo



identical.AllpropellantsWereprocesse

dwellwith theustJalcompositesolid prope

llantproce鈷ingequipments. However,thep

ro-pellantswithbinderscontainingover50%

OEtheTlitropolyurethanewere not processable

becauseoEevolutionofgasduringcuriJ)

g.AnumberofSmallrocketmotors(Fig.2)c

ontaining thepropelhntgrainsshowninTAble1.weremadeAJldtestedoyeraprcs-

I SurerangeoE20-10kg/cn皇(

Fig.3).Thetypicalcombustionpressureandthrust-timecuryesoEthesemotαsAreShowninFig.4

and5.TheobseryedyaluesforbtJrniJ)

grateandspeciAcimpulsear
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C)- ;Nr1.--･,No-2Fig.4Prcstlre(P)Andthrust(ど)V8.time
tEACCBEorpEOpelhAtA (,8/gi苛!=約g粥 ≡==苧

- ;N0-3--;Nl-4FJg.8PEeSBure(P
)AJldthruBt(ど)Y8.timetrACCSfor

propelhJItaagivensetoEbAllisticco

nditions.Howeyer,twopeaks&ppe

a代din血stAnd丘nallmmingregion, and Bim

ultaneou8ly, theseCtmeSApPAredtobecony

exharingam血 tLEELinthemiddlerangeoE

血bg.These血 unswereprobablycausedby1

)theret血 tionofignition,or2)radiAti

on血)m theheatedmotorca紀 tOthechargel

rAはmgitstcnpcfrature.Itwa8托COgnized血

omtheobserya-tiono

Ldame8Preadingwith atransparentmotorthAtthetine血om ignitiontos

t助dycombustion0.1駅COnd. Th

erefore,thelatter88e

m8morerCW ZLable.TAble2BAlliSticp

roperties0fthepropelhntsP

tope118JltS(如andad)Me8J"Onbustion

pr肌 rekR/CmtBuTniAgrate,mtA/See
Bumitlgrateincreaseover
stAndd.形
SpeciGcimpu
h
e(obsezyed)8a

WeightoEpr opeuAZLt,g

(propebta)Q)rope
lhJItC)

いn

劫
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這

ThevaluesofAveragebtuningratewere

about6.
5
,
8
.
0And9.
5mm/BeCforpropel

lantA,BandCre8PeCtivelyunderthepre8

8ureofapproxiEELately50atzn.TheI)tJrni

ngrateoEtheplytJrethaJIePrOPellmtwasmarkedly byincorporatingnitrogroups.nthep

olym ermainchain,aSobservedinpropell



TheexperimentalvaluesforSpeCi丘cimpul se

ofpropellantAandBwerecomparedwith

theoreticalvaluesforpolytrrethane-ammonium

perchloratepropellantandnitropolyurethane-

azm oniⅦmperchloratepropellant.Thethe-

oreticalspeciAcimpulsewascomputedby

twingthemodym8micequationを〉andtheco-

mputedspeciAcimpulsevs.thepropellants

compositionsareShown inFig.6.Theatta-

inablemaxlmumspec路cimpulseofnitropo-
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- - ･,polytLretJIAtle,- ;れitropolyurethAtLe,
thechamberpresure;50atn
theexhaustpressure;latm

Fjg.6 lspvs.thecompositionoEoxidizer

lyu托thmとammOniumperchloratepropellant

isslightlylowerthanthatofpolyurethane-

ammOnitn perchlorateprOPelhntandthe

optimumfornulationoftheformershiftsto

lowercompositionratioofammoniqmperch-

1orate･whilethespcciGcimpulseofpoly-

tuethane均nnOnium pqchlorate propellant

Y+J.u.fNh2.1耶

dependsintensivelyupontheoxidiZHZrCOnCCT

ntration,nitropolytlrethame-ammoniumperc-

hloratepropellantisnotsosensitivetooxi-
diZ:erCOnCentration.Thisbehaviorisacha-

racteroLthepropellantmadeofoxidizing

bhder.

AsestimatedfromtheroreticalspeciAcim-

pulse,theexperimentalvaluesforspeci丘c

impulseofpmpellantB havingoxidizerof

75% wereslightlylowerthatofpropellant

A,though theacctmcywas叩 r.

StLnn町 8mdCotLCttLBioz)

Polytqethane-ammOniumperchlorateprop-

elhnt(propelhntA;StAndard)andpropel-

lantcontainingnitropolyurethne(propellant

BandC)wereprepared.Theballisticpro-

pertiesofthesepropellantA,B andC,
mainlybtmingrate,wereme鮎uredwith

smallrocketmotors.

Thebt止ningrate,theoreticalandexperi-

mentalspec組cimpulseandsomemechanical

propertiesofpropellmtcontainingnitropoly-

urethanewerecomparedwith thOseofSta皿-

dardpropellant;theresults were1)the

bumingrateoftheformerincreasedinprわ

portiontotheamountoEthePitrogroup2)

thespeci丘cimpulseoftheformerdidnot

intensivelydependupontheoxidizercontent.
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