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:‘:.-::: STUTIZS ON TEDL DYXNANIC MECHANICAL

) RACPZRTICS OF THI COMPOSITE MOLDIFIED
Sy DOUSLT~BASE PROPTLLANT#

e zhou Zhou, Jia Zhanning and Zhou Qihuai**

- Abstract

L “Tbe dynamic mechanical properties of the composite modified double-

. base (CMDB), double-base (DI) and polyvinyl chloride (PVC) compo-
T site propellants were measured respectively with a Rbeovibron vitcoelusto-

o meter. The effects of three kinds of solid fillersCaluminium CAl), ammo-

':':;‘_: gium perchlorate (AP) and cyclotetraethylenetetranitremine (HMX)J and

S the different kinds and contents of plasticizers (triacetin{TA), ortho-di-

..J butyl phthalate(DBP)and nitroglycerine(NG)Jon the dynamic mechanical

L properties of the double-base binder were studied. The dynamic mechani-
\.’ cal data and spectrums on these ingredients have been obtained at a
o fixed frequency (3Hz)and s broad range of temperature, At the same ti-

"\ me, the impact strengths of the CMDB propellant, the double-base bin-

‘ der and the pvc propellant were also measured at a broad range of tem-

-« perature. Experimental conclusions have been obtaiped that the dyna-
b mical mechanical properties of the CMDB propellant lie between the DB

_’;'.:', snd PVC composite propeliants and depend on its binder system, and

-:ff-j that the CMDB propellunt has the speci{ic properties of both higher me- ‘
cbanical damping and a stropg B relaxation st low tempereture. v’ R \
O / ‘:_‘, SN

e Frow related publications in the U.S. since the early

" 19:7's, dynaric mecharnical properties of solid propellants [1]
o . : :

ot nave been studied using various dynamic measurement instruments [2].
:fe;f-. Recently, similar works have also been done in Inglande.

o5 However, in the U.Se, most of the researchers have concentratec
W

S

. or. corrlex propellants. Thnere have been no studies reportec

:j-:::;. on the dynaric mecharnical properties of VT3 propellantse.

‘;-.-:-. In China, the cynaric prcocrty rieasurements of £ol1id provellants
%
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using the twisting method and the vibrating spring method have
been attempted,

In this paper a study of the dynamic properties, as well
as the effect of the composition on the mechanical properties

of CHMIB propellants, is discussed by using a viscoelastometer,

1e¢ Samples and Experimental Method
1¢1 Samples
The detailed compositions of the samples are listed in
Tables 1e1 = 1e3e
1e2 Ixperimental iiethod
1e2e¢1 Dynamic EZxperimental }ethod
The dissipation angle ¢ (ie.es the phase difference betveen
the sinusoidal strain and the sinusoidal stress), as well as the
complex modulus |T*| can be obtained by use of a ZIP automatic
viscoelastometer over a wide temperature range, Hence, the

modulus of energy stored is E':IE*ICOSS ’ N/ma; the modulus

of dissipatior is L''=|z*|ein s, N/ma; and the dissipation

factor tand =Z''/E',

'
w.
¥

P
.

The experimental conditions were: /2]

Size: length x width x height = 2=5 x Oe1=0e5 X% 0401=0.2 cm-

Temperature increase: 2°C/min.
Experimental termperature range: =100°C = +160°C

Txperimental freouency: 3Hz.
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Table 1,1 Composition of Samples (a)e /50
San\E# | 7 | wanmsg
>~ & NC f NG L ] PAl AP HMX |
TP | ! | TENm
o '%5.50 .- /’3:.',50// xg/i
o l/ ooz,__ 1
e ‘9 35/

4. 35 P 1.30
l o 026
4043 ssy 1.06 /'!

3° l s
/ 1.45 ~ 0.02¢ !

. 33.04 T ou 687
L g !
7 E ./' 2 ‘Aﬁe ‘
. ;3620 52 40 0.95 16.45
5 | /' / /
1 s T e0s | o2

. 2y/\ 3sa6 - | 070 T iqe /1 26.57 |
- xd re
1 1.45 |//ooze <oy o }
e L —_ i
" 3018 RE u:/ S LR j 16.67
0 T has | o ez 0.29 | ] 0.55
19.00 | 27.c0 o507 | 550~ !
8* - - s Al+ AP + HMX = 47.59,
/ 1 ' 145 | 7 00e ] -7 028
z _ -
. 2459 - | 35.59 // y 7.12 | s2. oa, '
9 - L g
/ i - 1.45 o.oze__,//o.zs 1.3

PPEEY . i 7. ! 2.05 ’
e 24.59 !!..V ots/’ 12 ’ ‘3 05

|
L7 v T e |

cots
(1) Sizc of particles usea: (4) Sample rnu=ver
A1 807 .M
AT 8¢ (5) Content
o 9P Lm
(6) Composition
(2) The compositions in the
table are defined as: (7) Stabilizer
weight % ratio of
component content to (8) Solubilizing argent
NZ content. and specializec

additive

(3) The samples in the table
vere nmade by casting,

PO J(AJLA'LA"‘..l nAAi' ('.j' g f PP

T T TN T e . -
LN N S, R . WY gy W P, R R I




P By e TR TR Al Bl <aden 4 AL el Sadh Sal et Bafl Sa Sl Bad St 2t Bal S8 B A Selr Sk el Sl S A - Sl S A e Sk Sl T 8-l A A B~ A B S 4 B i B- D It i ih ain a-d auhir o o

Table 142 Compositions of samples (b). /50

Lag/n > wi > , ; !
‘*‘-——~__\‘\§\\ | NC ‘ NG TA DBy
( Hdpg ~. ! . '
12¢ ' €6.67 ! 33.33 i
13¢ 66.67 33.33
e 65.67 33.33

(1) Sample number
(2) Content (%)
(3) Composition

liotet The sa:ples listed in the table were made by
pressurization.

Table 1,3 Composition of samples (c)e

U2 Provellant _ PYC Propellant

Cormposition Content 9% comvosition Content %

IiC 55 PVC 1265
G 293 AP 70

Solubilizing 10 FPlasticizer 1760

Arent

Stebilizer 560 Stabilizer 05
Trajectory 0e9 Cormbustion 0405 (adcec)
Improver %ate Adjustor

e Specialized 1e8

X Adcitive

;'::"': LR e b =

' ® (1) ' « itrocclilulosec

i

| RN

fﬁi' (2) PVC propecllant made by casting
»..-.."

2
.

(3) T2 propellant macde by screw=sauecezing
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‘ 1e¢262 Impulse iMethod
The experimental instrument used was a penduluz irpulser,
The conditions were:
Potential energy of the pendulum: 10 kg-cn
Size (width) of the clamp mouth: 4.0 cm
Impulsive speed: 287 m/s

Sample size: 565 x 0e5 %065 cm3 (there is no gap or
the sanmple)

. [ -]
Ixperimental temperature range: =100 C « +30°C
Tine the sauple remains at constant temperature: 30 mir.

The strength of the impulse, a, is calculatec by:

a -(Horiconowied by cutting the saraple)(kg-.gz)
sa-ple cross section cm

2o Results

The experimental results are shown in Figures 3¢l = 34120 /22
In Table 2e1, the glass=converting temperature Tg and
¢ wconverting temperature Ié, determined fro: the temperature

corresponding to the maximum dissipation angle, are givene

Table 2e1 Tz and T¢ of the different samples
under iz dynanic conditions.
] minme . o i g : ’ ' '
1 z . ’ ¢ | 5 i @ o e
_T.,i'p-< sz R "uo 25.6 , 51.1 lw'—z « 3—1: ' _.uz
.====T-°”‘,:., :.' B 37, -4 : - 40 ; wo | - i ey “s62
L . oo . _ R . . - SR e - - '—‘ - - = - . - -
k] | . » ! ! '
2 mams | |owto i3° 1® , bis
__._A_T}_/.E..-",‘”“ 1‘337 } 32.3 98 | 531 ‘ w2 | 651 ' u;
- v Tt S S
Tp:C ' 35 ) "344 g RETIR AT R o 0.7 © -13¢.3® -9.7 l -
- (1) Sample number
-
L (2) Gample numoer
s
v #Cbtained by drawing a tangent line
A
. _
. <
-
"}.-_ .._’.-_ '-:.'ﬁ" " —- SR e .~. et .’ .. ;.;y.‘-:&‘.. ‘:... .'-':‘-':*."-."-_' a\. - -'4 -_I.' E _.«-'.:-'_-j.‘
A APPSR RIS z_.".:.;..f_u.fLi.A..z.u__..m -1’~.um.¢.
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3, Discussion

Following the style of dynamic analyses, we use the
tand - t figure to otserve the internal dissipation, with thre
characteristic rance of material visco-clastic behavior
determined by the E' « t figure as fcllows:

3e1 Characteristic Dynaric Properties of T.'T3 Fropellants
(1) Under the 3z dynamic conditions, it can be

seen from Figure 3.1 and Table 2.1 that the glass-converting
dissipation peaks of the three propellants are in different
temperature rangess The Tg (=2146°C) of the FVC propellant
is much lower than roon temperature. Hence, at room tezperature
it will behave like rubbere The Tg (6561°C) of the LB propellant
is much higher than roon temperaturee Hence, it is a plastic

material under normal (roo.) temperaturese The Tg of CMDB

-3
=3
[¢]

propellant is 31.2°Cy close to roo: tenperature. reforec,

it does not have a mechanical behavior typical of plastic or

ruvber, and in fact presents nainly a transition propertye.
(2) Also from Figure 3.1, both the I3 and CMDB

have a relatively strong secondary transition (7- transition

4
-

or -relaxation), but PVC does not behave in such a waye I

-
v

Y rmain internal converting dissipation pealr of CMLEB reaches a

J- '.l

et maximum in the rance from =50°C to +70°C, which is the normal

X

o temperature range for propellants' uses Also, CTB has a

o relatively stronger ° =relaxation for internal dissipation in

Eii the low temperature rangess By viewing the entire tenderature

o

SRy . s . .

bl rarge of propellant usage, the internal dissipation of Z.Il=%
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propellant is relatively highere

The authors of Refes 3 concluded that Z¥IR propellant
is suitable at the temperature and vibration conditions
encountered over the ocean, and they applied it to the engine
of the "sea javelin" missile,s This showed that the great
internal dissipation of the propellart was fully used,

(3) From Figure 3.2, E' of the C!!IT rroveilar:

is obviously locatec between those of DB and PVZ, over the

temperature ranges from =100°C to +100°C. Irn the tezperature

DN AN Nl ek nhgh Al Rt Ja® et

Ty rvirevyr gt v LIRS
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The tan * = t curves Figure 342
for L3, V.IZF anc FVC

propellants are shown,

(1) =xperimental

fregnency,

are showne
(1)

frequency.
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range of propellant use (-50°C to +70°C), OMDB propellant crosses the alass
range (=50°C to +6°C), the glass conversion range (6°C to 50°C),
and the highly elastic range (50°C to 70°C)e Because of
secondary transitions occurring above -60°C, relaxation occurs

in the glass region and the value of E' continuously decreasess
Therefore, with respect to the glass phase with constant

modulus, it still behaves to sone degree as a plastic in tkre

low temperature rangee Also, the transition region is very

wide, with a decreasing modulus, The transition region occupies

354

2

almost all of the usable temperature range (=50°C to +50°C)

»

LR s

and this leads to a strong internal dissipation in the usable

G

——
et
3

U

tempcrature rarges The DB propellant crosses the glass bvhrase

region (=50°C to +40°C) and glass conversion region (40°C to

A i

70°C) in its usable terperature range, 32ecause of its high

Tg, it is in the glass phase throughout the majority of its
usable temperature range. Althoughgpg =relaxation occurs during

its glass phase, distortions occur only with great difficulty

because of a high, slowly decreasing value of E'. The PVC
propellant is located basically in the glass~-converting anc
the highiyv elastic regions where the temperature is between
-5C°C ars +70°., At the same time, because its Tg is low
ar¢ its moculus decreases rapicdly, it is a very good plastic
propellant in its usable temperature range.

Trom the above analysis, the dynamic mechanical vpropertiecs

of the three propellants are seen to d¢iffer tremendously. This

L
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is due mainly to their different basic structure (the CITR and
the IB propellants are NC, while the PVZ propellant is polyvinyl
chloride)e. TFor the same basic structure the reasons for
different properties would be the cifferent forming methcd
used (202 is rade by casting and IB is made by screw=sjueezing)
and the different ratios of fiber to solution (DR: NC/solutions =
le26, C'T2, NZ/solution = 0.57). Lastly, there is a large amount
of filler in D%,

342 The Relation Between Dynamic Mechanical Properties
and¢ the Anti=impulse —nergy of I3

Recently, it has been proven by many experiments with [4-7!

polyr~ers that the impulcive strength below Tg will irncrease

tne polymers have a sironc r -relavations From this experiment
we know that the ge~relaxation of CMIR is relatively stronge
“rerefore, arn impulse experiment was done to demonstirate thre

increase in ivpulsive strength in its glass phase.

v

— & CMDR A “
—a—WEMG ‘
-—._P\c F/ ‘
- j
2 | !
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s
g .
[ ]
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Zurves showing a vse t for the doutleebase ache-ive

o and the V.7 and PV? propellants, (1) Poutle=bace
adrecive.
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el
;52 From Figure 3.3 it is seen that the impulsive strength

5 of CMDB propellant increases in two stages as the temperature
SN

’E:: increases, Since its f-relaxation can yield great interrnal
S

g3? dissipation, much of the impulsive energy can be dissipated
:; even under rapidly increasing temperatures, This temperature

rise is caused by the great increase in the impulsive erergy,

o which in turn is caused by the chaine-motion. Hence, occurrence

;35 and developrent of cracks may be prevented or reduced and the
reL .

T resistance of C:IZ to impulses will increase, From cross-
N

S sectional observations of the samples, the cross sections

tended to be rougher and the brightness was reduced to zero

o

‘Gﬁ: when the temperature changed from -SOCC to -BOCC. It

e obviously forms the transitional characteristics from trittle
.- cracks tO tenacious crackse Therefore, the cracks formed in
%?3 .03 propellant at terperatures above =30°C are tenaciouse
3=' Nielson [8] indicated that if Z''/%' is lower than

O

2 avproximately 0,02, the tough polymers are usually trittle;

s
.

(SN2
.
)
.

’

et
i, Vo e

ieee the impulsive strength of the material is low, If ZVV/=

Z & ¥
a5
ey e e e

>

ie greater than 0,1 the impulsive strength is usuvally hisghe

e
.
e

Trom our experimental data in this paper, tan:t of ZMIMR propellants
ie higher than 0,02 at temperatures greater than or eguzl to
-52.6'C. It is greater than 0,10 for temperatures greater

thar or egual to =36.5%Ce Hence, CMTB propellants have a

certain degree of tenacity with temperatures higher than -52.6°C,

and subject to 32Xz dynamic conditionse It also has a relatively

o~

large impulsive strength at temperatures higher than =3c.5 e
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rrom Figure 3,1 it can be seen that the above conclusions fall
within its Q-relaxation regiones This temperature (=3645°C) is
consistent with its T;.(-36.2.C). The impulsive experiments
have proven that@ =relaxation is related to impulsive strengthe
Fence, it is possitle to employ TM'D2 propellants between 'I‘g anc g:.

A --relaxation also exists in the double-~base adhesive 5L
(see Figure 3e¢4)e Therefore, conclusions sirilar to those
obtained for the C!DE propellant can be reached, Eowever (Fig. 3.1),
because the © =relaxation does not exist in PVC propellarnts,
ite irmpulsive strength will rapidly increase when the temperature
increases to the major chain-motion condition (=60°C)e Cozparing
this to C“D3, PVC can ornly be used at a temperature higher than
its major chain=motion temperature Tg. Yence, it is inappropriate
to consider the Tg of CMIB as the limit for its low temperature
uses The influence of strong g-relaxation on the mechanical
roperties at low temperatures should be considered.

3¢3 Influence of the Fillers to the Dynaric llechanical

Properties of the Double=base Adhesive

The influence of the fillers on the dynamic mechanical
properties of the double=base adhesive is shown in Figures
3.4 = 3,6, It is seen from these figures that the value
of tans corresponding to both the pure double-base adhesive
garple (sample 5) and to the pure material with filler
added (samples 6 ~ 11) increases at around -60°C with a /55
strong ; =relaxation. However, the two internal dissipation

peaks of transition are not significantly shifted with the

addition of the different fillerse Their transition

11

.,-"-*-'.~~.-_- "hc MV
CRIC/RRAN '\-.\-:\. _'.~$_~“;.

T S T T S
T » L R SR A j
AR CIS AR IS )




temperatures are very close to each other, The added fillers
significantly decrease the peak of Q-internal dissipatione
The effects of the three fillers on the double-base achesive

are the same, At the same time, E! fox)}?i>eample with the

u.6 4 x'-."”_f. th
¢ —pe §*
[ X
0.4
%
i
0.2
0.1
: , t
e300 640 60 06 10 I 40 150

. t/C .
Tigure 3.4 The tand -t curves for
sanple nunbers 5 and 8 are showne
(1) Experimertal frequency.

L ke K L Fim e
.. 5 0.6 —_—— 9°
s "\ e 3 ___._Ioo
-~ {1°
1L 3 -
p o-s
b
] )
suu 0.4 ,
«<
~ [
31 0.3 7
=
N“T
: 0.3
30 8.1}
B e T TR TR T T T LY Y =l0 -0 -20 l:,{? LU SEITyT
T
Figure 345 The T'=t curves for Figpure 346 The tan§ =t curve:c
sarple numbers 5 and 8 are showne for sarple numbers 9, 1C ang 11
(1) =Ixperirmental freguencye. are showne (1) T7"xperinmecntal
freguencye
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added fillers is greater than that of the pure adhesive (with

increasing temperature) after occurrence of '-relaxation (above
~60 C)e Also, E' is increased significantly in the highly
elastic regione This statement is consistent with the
dynamic mechanical properties of common polymers with added
rigid fillers (Ref. %), as well as the effects of the rigid
fillers mentioned above on a complex and nitrified plasticsol
(Refse 10 and 11).
3.4 Thne Influence of Plasticizers to the Pynanmi

¥echanical Properties of the Double=base Achesive

(1) The Influence of Solubilizing Agents and

Specialized Additives

Sample number 3 is made of the double=base adhesive
without solubilizing agents and other specialized
additiveses Comparing this to sample number 5 (Table 2.1,
Figure 3.7), the effects of the small amount of solubilizing

agert and the specialized additive on the dynamic mechanical
ec and the two transition temperatures of the
rropellant 1s not significant.
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3.7

The E'~-t curves for
sample numbers 3 and 5
are shown. (1) Experi-
mental freguency.

3.8

The tan §-t curves for
sample numbers 1-4 are
shown. (1) Experimental
frequency.
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(2) 1Influence of the Amount of NG (Figures
2e8 = 3410)

The ratio of NG to NC varies from 0.5 to 2 for sample
numbers 1 = 4o From figures 3.8 = 3,10, the decrease in Tg of
an adhesive system caused by G is not as great as the decreace
in Tg (this is mainly due to the decrease in activity of !
rnolecules at low temperature)s The major influence of XG on
an adhesive system is the effect on the main transition, but
the increase in plasticity is related to NG contentes ‘hen the
amount of NG reaches a certain level, 58.51% in the case of
sauvle number 3, it reduces the Tg decrease in an acnesive
systeme This also narrows the highly elastic region anc intencifies
the decrease of frictional flow temperature Tye This result is
consistent with the rule [12] which generally describes the
influence of adding plasticizers to rigid polymers, lence,

there exists an amwount of plasticizer added to an adhesive

systen that results in an optimun plasticizatione

The highly elastic regiorn is widest with this amount.

A AR

‘

The optimur azount of G can be determined by connecti

"‘ ’l .l 'n
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1
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.
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17Ce It has the ability to prevent the molecular chain from

sliding. Hence, the amount of NG can be increased, It not

only decreases the Tg but also widens the highly elastic region
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and solves the problcrn causeé by unconnected Y7, Alro, 7 can
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increase the internal diseipation of t»~ adhesive at low
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z”' temperatures, This helps to improve the impulsive resistance
,ji of DX vropellants at low temperatures, Therefore, ucsins
o preconnected II7 to increase the plasticity, combined with
) acdjusting the NG dosagc, results in an effective way of
o i~proving the dynamic mechanical vproperties of CZ..7™" provellants
SRS
e at low temperaturess.
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CS Ficure 2.9 The T. (Tg) = NG/XKC Figure 3410 The E'=t curves
il curves of sample Hunbers 1 = 4 for sample numbers 1 = 4 are
o are Showne showne (1) Zxperirmental
|
R freguencye
%
o (3) The Influence of Different Plasticizers
S The experimental results from adhesive samples macde of
_ﬁf- different placsticizers (TA, DBP and NG) and NC are snown in (12%,13%,14%)
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Table 2e1 anc Figure 3411e The results show that r =trancition

always appears, even for different kinds of plasticizersce

(Thie indicates that : =transition is caused by motion of
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’-. the decrease in Tg and Z' of NC caused by NG is not as significant
o as those caused by TA and TBP for the sarme weight percentagee
Therefore, the effectiveness of plasticization will be better

if NG is combined with another plasticizer under conditions

- that do not influence the energy of C¥IB propellants,
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& Figure 311 The D'et curves for sample numbers 12 = 14 are
5 showne (1) Experimental freguency.

"i

- (4) An Attempt at a Quantitative Description
o Tror the ejual viscosity theory, plasticizers anc polywer
ﬁ: systems can be treated as a dense solution of polymers. From
- Flory's formula for viscosity of a dense solution of macro=-
. molecules, a solution of the gquantitative relation between
/-

0 the weight percentage \\ of a polymer and Tg of a dense

o solution, [ﬁ}], is;

®

_ ., E,
Ve A = gpt;

where E, is the viscous activation energy; Tg is the glassifying

temperature; and A' and B are constants; assuning that Ey does
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not vary with W. A double-base adhesive is a dense solution

of NC. Therefore, the conditions described for the relation
are satisfied, Under the constant viscous situation at Tg,

Ey is very close to a constant. Hence, (-Ey/BR) may be treated

as a constart, egual to Ds Therefore,

,/ﬁ'-:,’=,4'+--n

The values of-fWE? and I/Tg of sample numters 1 = 4 are shown

in Figure 3.12. Using linear regression, it is found that

A' = 1,9625, D = =410.85, and the linear correlation /57
coefficient is =0,99504e Therefore, the relation is very

close to linear. Wwhen the weight percentage of NC is between

32,04 and 65.50% and the ratio stabilizer/NC = 0,0260, the
ezperical relation between yW:: ard Tg for an adhecsive systen

under 3E, dynamic conditions is:

- 1
VW acm1.96=4¢.11 X 10'-p~

PO 75 ¢ JEaar MR % WA 3 uag % JURE X
71" x )0/ K?

"! Figure 312 The relation between Jwuz and 1/Tg for sanple
nuribers 1 = L
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Le Conclusions

(1) The dynaric mechanical properties of C‘DR
propellants are between those of I3 propellants and PVC
complex propellantse In the usable temperature range, it
crosses the glass~region (relaxation occurring), the glass
conversion region and the highly elastic region. It has a
very wide transition regione. Therefore, its internal dissipation
is relatively large over the entire usable temperature range.
This aids the bearing of a great dynamic loacd during transpor-
tation, ignition, landing and flyinge

(2) There is a strong@-relaxation for CVD3 at
temperatures below Tge This improves the impulsive etrength
for temperatures between Tg and TQand therefore improves the
resistance to impulse of C'LE at low temperatures. This feature
is very valuable in resisting the impulsive load causec by
ignitione.

(3) The dynamic mechanical properties of CID
propellants mainly depend on its adhesive systemse The influence
of so0lid fillers on the transition temperature ﬂb.TB)iS not
significante They ¢o increase the energy modulus =' (especially
in the highly elastic region) and decrease the internal
dissipation at low temperaturese Therefore, the deformability
of CILB will be recduced and¢ the dynamic mechanical properties
will be unfavorably affected,

(4) There exists an optimal amount for plasticization

of the double=base adhesive, Below this value, the plasticization
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o effectiveness of N2 increases significantly and at that value

po the highly elastic region is widest. For the same weight

iz' percentage, the decrease in Tg and ' of NC caused by XC is
:f} not as great as that caused by TA and IRF,

2?: (5) Tre relation between 1/Tg and the szuare root
fﬁﬂ of XC weight percentage, W;~, of a double-base adhesive systen
1i is linear,

. (6) Using a viscoelastometer to measure the dynavic
mechanical properties of sclid propellants over a wide termpera=-
- ture and frequency rance, we have been able to observe the

- characteristic region of the visco=elastic behavior and have
obtained the information on glass=conversion, secondary

transitiorn, internal mechanical dissipation and surface

s
34\ activation; these features are associated with molecular

iﬁ; ~otione. Thic has been beneficial to research on the

Si: microscopic structures and the macroscopic behavior of

! propellants on the bacis of molecular motions At the sarne

fii time, under the develop:ent and selection of the propellants
ii; for major strategic missiles, it is necessary to estimate tue
-t? overall mecrhanical properties of solid propellants,
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