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age and exploitation of solid fuels. Particular at-

tention is paid *o rocket powder, which rerrsseniz the nost
t part of the system. I%z specific composition, Zorm,
rain size constitute convenient basis for the creation

Introduction

Ammunition should be considered as an element cf the
armament system which, in essence, consists of three fun-
damental components: metallic, explosive, and fuel. Since
the elements which constitute the metallic component are
registant to obsolescence originating from storage con-
ditions (except for corrosion), and since the eXkplosive
component (brisance explosives) has a relatively high
energy due to chemical decomposition activation, the
greatest attention during the process of evaluating the
shelf life of ammunition should be given to the fuel
component, the powder.

The powder should not only te considered as an

iy
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organic natiter which burns at 3 given moment and conveys the
enargy which has teen released,to the projectile. The powder is
a complex hcmogeneous mixture of organic and inorganic matier,
ific for any ziven scrdt of ammunition. This srec-
flected in the composition of the pewder, i+s
po 1, chemicz2l and ballistic features, further iis fcorm,
dimensions, and in 2 series of other parameters which are
precisely defined for each given projectile. The greatest

of limitations regarding the transportation, storage
~d exploitaticn of the ammunition originates from the cen-
slazity of the powder which is a heterogeneous materizl. In
rder o e able to consider in greater detall such limis-
ations and to 4o something atou®t them,a thorough 3*udy >f the
antire system, either rockat or ammunition, is needed.’roam

this statement two basic groups of powdar logically follow:
I Powders for classical armaments(classical powders)

-r-s

IZ.Rocke* rowders {powdsrs for rockets).

The above division is justified toth technclcgically
and from the point of view of powder's useful 1if
i . . s .
respecis)is laportant 0 analyze powder's phaysical and tal-
. .

ic f2atures, dimensions of powder grain an
ckemical composition.

The common characteristics of powders for classical
ammunition are found in their form and dimensions. Tnlike
rocket powder, we have here powder in the form of very
zinute plates of varying thicknesses, fibers, s%ticks, or
aven nminute pipes with one or more channels. Along with the
chemical nature of the powder, this characteristic has a
decisive role in the evaluation of storage safety. In
connection with these,general and specific requirements

and directions for the monitoring of the ammunition storage
situation exist as follows:




- chemical
- physical, and
- ballisztic stability oi powder.

.,

1.The chemiczl stability of classical and rocket powders

Ehe technical directions for the monitoring of the powder

.rough waich 211 Xinds of powders should bte safeguarded

find the naramesers of the chemical destruction (teth

tahility only define the monitoring of the chemical stati
L‘

-

ts are conducted at increased tamreratures ia order %o

qualitatively and quantitatively), registering the zzseous
A (=] -

cyproducts, which most frequently appear in the form of

nitric oxzides. o procf exists to indica%te that the resul

which were obtained, could be exitrapolated o the storzge
condi+tions. The reason is that the examined sample does n

take into consideration sither the form, or *the dimensions

0f the powder, of the container in which the powder is

located and, evenmore, it overlooks the storage temper-

ature which causes chemical des+truction.

A test which monitors the gquantities of the remaining

s+abilizer in the powder, which is tested at increzased
temperatures, is much better.

A complete supervision of +the powder situation, as
it is organized at present, is intended to prevent the
spontaneous combustion of the powder in the ammunition.
This means that by the time in which the powder would ac-
cumulate such a quantity of decomposition heat, which is
able to cause the spontaneous combustion, must be deter-
mined. Fcr this purpose the most reliable test would be
the ore *ha%,in z ziven systen( e.g. ammunition of

-3-
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various caliters, or powder in ®lccks), would measurs

and determine the heat which was created due *o

powder decomposition; to thls should te addad the heat

which appeared during the sicrage as result of the heat ex-

change with the surrounding environment. Acccrding to the

lzw of heat exchange with the environment, and with regard ]
to the form and dimensions of the powder, 2 minimal dia- ) i
neter exists below which, under given conditions {such as
temperature, storage, the powder composition), spon-
taneocus combustion cannot occur. Tor this reascon it

si%le to apply the appropriate mathematiczl modelling an
0 arrive at a mathematical expressicn., The la<tier will

o3
pee e e T

sonnect this very critical quantity with the parameters which

zre desterained ty the powder characteristics

, as well zs :
with storzge conditions. Such an expression (1) is as

Xx» = the ¢ritical diameter, namelJ, the diameter of the
pcwder tlock, or the web thickness in the case of 2
cylindrical block, the size of the ammunition callber.

; and the diameter of the container in which the sm it

grain zowder is located,

= the dimensional parameter which accounts for the
powder form,

= the temperature ccnductivity of the powder, :
= the gas constant,

A

> o
\

.
-

2 o = ‘he powder density,
T = *he storage temperature, )
2 = the energy of the activation process of the

cheaical powder destructicn,

the quantity of heat which is released bYecause of the
chemical destruction of the powder at the storage
temperature.
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The other authors have also arrived at
Zor Dkr [2] on the basis of analyzing the »
and thermodynamic characteristics of the powder.
cf the data in expression (1), it is possitle to also deter-

m ¥
Sate b

’J.
)

e *he ninimal time within which such 2 quantity of heat,

snich will cause a spontaneous combustion will accumulate

(2

= the powder:

t_. c 272 o
ain = —— S5exp. S5 (2)

A 3

(@1
"

the specific warmth of the powder,

A = 3 gconstant which includes the wvalocity of heat z2c¢c-
cumtlaticn, depending on the pewder's composition,
form and dinensions.

contemporary technology today allows the uze of
ig 11y accurate instruments with which the destruction
temperature can be measured even at markedly lcwer tenm-
seratures than are required by classical tests. In th
manner the daternined qwan+1vj of heat, 2t which the pow-

-

der decomposes, could also serve as the neasure of (-

oy

3
=4

.n

D

anergy status of powder. T,is would te 2 decisiJe eleman
Sor making the decision to take the powder out of the am-
aunition, on the tasis of the ballistic parameters which
were changed.

ck

The relation of the value of Zkr in mm at a tampera-
srs of 71°2 and the highest caliber of the classical am-
aunition for some kinds of powders manufactured abroad, is
shewn schematically in picture 1 [1].

The change of calorical value in 5 for ten kinds of
classical powders, under conditions of storage for 10 years
at 20 and 30°C, is given in table 1.

Trom the enclosed results it can be concluded that,when
speaking about classical ammunition, there are no dangers
from spontaneous comustion,since Dkr is substantially atove

A}

the highest caliter. Concerning the organizatiocn of the
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1000} (mm) U) VSigurnosni preé ik Table 1.
900+ Kativar [ [T -] | (D¢ pl =
. o 2 _
800 Q’-—a——~ 9 ) (3) (. Baru 10 g stokiranjs 9 s1okiranyd
ednobazni .2 —— — {34 __ na 20°C ne 30°C
5053: ! dvobazm trobazni =
"'1 r-r-l 1 J'ljnob.um 0.2 1.0
awefj 2 0.3 1.0
| h} 3 0.1 0,6
500; « Olbbazn 02 07
o : 3 o
300+ 7 0.5 1.7
2501 ] 08 28
fgg . F | | 9 Tréb)um 8,? ?,.?'
50, h.-E, ; .‘0 : :
0+ == , Zey: (1) Powder; (2) Years
125 45678 910 storage time at; (3) l-base;
- (4) 2-base; (5) 3-base
&/ 8rof baruta
Plcture 1.

Key: (1) caliber; (2) Dia-
meter; (3) l-base; (4) 2-
base; (5) 3-base; (6) No.
of powder.

mraunition maintenance, *there is the danger during ths

~andlingz of the powder, which had been taken out ¢f the

-

ammunition because of i4s instanility. Such unsiabls pow
to tuckets znd wait in the ctorage

izr could e put, then, into

what to do with it., It is also necessary to pay full ziitention
tc +the powder vhich is Xept as the war reservs.

1r23 for nouth-.;f not years, until =z decisicrn would te made
'S

“fhnen we consider the rocket powders, zand in restect to

rs
their configuration and wet size, it is possitle ts have zn

cumulation of heat sufficiznt to lead to spontanecus com-
i13%ion much earlier than is the case with classical powders.
Jnus, the proposed test would be more desiratle in order to
determine Dkr and to be able to evaluate the danger of
spontanecus combustion. However, with regard to the life

£ the usable rccket powder, and in order to determine the
vewder's situation in addition to the chemical stability test,

S ever nore necessary to test the physical changes in th

(%3
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enance organization has the purpcse of

- s P
.08 enilre mainwy

assuring as long a "life" as possivle for the use ¢I the
tem. nder the term "life", thas following should
e understood:

- - safety during the storage and transpor:, and
- - safety during the use (exploitation).

Tnhe rnotion of safety includes:

- - the danger of spon taneous cempustion a5 manifested
throuzh the cnemical stability;

- - the danger of a possibles explosion during the use
{2xploitation) which may zappear mostly zs a2 consequence 57
physical changes of the powder during its storage, and

-- *the possible danger that during the exploitation
the targe® would not be hit due tc changas of the tal-

listic charactaristics of tha powder.

ds cpposed it classical powdars, in the case ¢
rocket powders markedly higher possitilities that all ¢f
these changes will +take place and sooner when siorsad,

transported or exploited, do exist.

. Zxperience also indicates that solid rocket fuel

tecomes unusable earlier due to physical defects. Thay
are such as longitudinal and transversal cracks which are
ormed within the powder block and also on the inhibditer,
then because the inhibitor peels from ‘the powder or from
the motor if the powder grain is bonded, or when the
mechanical characteristics were degraded. Physical
defects in general are:more important harmful cause

than a reduction of powder's chemical stability. The
causes of the aforementioned physical defects are many and
of various kinds: the manner in which the powder block. in
the motor was filled, maiitenance conditions, a low mutual

ry

-7-

T —

P————

£ o e o e e g e

=




T

i
cr tecause of inadequate manufacturing, of the chemical
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he particular components, g2%c,
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hese, in *turn, tecauze of *he
r

) D> £ eh 1
CLern cfecause ol U2 1n-

=zz2in is vondad), accumulaie in the nowder mass

sraessures which can cause cracks of smzller and larger
dimensisns. CGassocus products can alsc be creatad in co
tosite fuels due to the reaction of +he adhesives with
3~ <+

he oxzldator. The time when such kinds ¢f cracks can ap-

rposition

tery firmness of the powder,

- e s E S
O = the interru
€

o
= the interruptory elongation.

The pressure can be measured with a capillary Ug
manometer directly positioned into the center of the pow-
der mass and at an increased temperature. In this manner it
is possidle to arrive at data relating to the speed of the

reation of decomposition products. Usirg the speed a%t which
the zasses are formed, and the speed of their dilution
through the powder, Rosser [j] has calculated Pmax
which can appear in the powder during storage in +the
stored zammunition. The expression for the pressure, when
the graias are shaped as full cylinders, can be stated
follows

3y ot G TpbE T AR T Y I e N R ey T v
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760 mm Hg

speed of the gas diffusion through the »

-~

c
svelopment of gzasecus precducts,

a0y

% = the sreed of ths
3 = th

a1 = the diameter of filling.

he powder density,

mathematical model for *the calculation of the meximum pr
s

dard [4] , on the basis of Pick's law, has developed =z
es

sur2 or of the maxinum concaentration 52 the powder gas
o)
&

winich zre creatad by the decomposition p”“ducts within the

fivers:
- -~ 2
¥ max = S (W
b = the maxzimal concentration of gaseous
ﬂmax = the maximal concentration of &
decomposition products,
< = the quanu-.y of D'asecus decompositicn
preducts which are relezsed,
= = the thickness of the fiter,
> the difusicn censtant.
when we deal with powder in cylinder form
2

a = the cylinder radius, and in the case of the hecl-
low cylinders:

el

) 2/ eg(2)"
~ _ 2 3 1 - (1 + log . log(a/p)“ =-"='y ] 73
“max LD [ b

-

o = the inside cylinder's diameter.

In the case of rocket fuels, when the powder is glued

to the chambver walls:
" L2 1

= 2 a hig lé‘- 2
max LD [}og ex ‘b) -1+

(9]

The influence of temperature on the creation of cracks

[ i
3

1 the powder tleock is evident. For a certain temrerature
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Fig. 3 shows the dependence of the calculatad concen-
T

i tration of the zaseous products which was c¢reated bty the

decomposition of the povdsr, since storing it at 46 The
shaded area represents the value of the criticzl prassure for
*nls powder, as calculated with formula {(2). It

that the pressure, in the

case of powder blocks {(grain) . with
larger dimensions, arrives at its critical wvalue much e

2.2. The influence of technological factors in the peeling
, off of the inhibitors, and the creation of cracks »cth in

in the irhibitor and in the powder grain

..u
[ %]
“4
. 8
fL
®
33
ctk
PP e

inhitited rocket powder is nost o
£ the peeling cff of ths pcwder £

0 i
sctih lengitudinal and transverse Lursting of tiie inhibiting
mass. 11




The physical and chemical siailszrity of the powder zand
the innivitor opans the peoesiz £ plastificator migrztion

Sron crne medium into another. Turthermere it iafluences *h
stratification in the contacting layer teitween +the powder and
, and also i+t influences the formation of con-

Yy

..A. e
titor system.

stant siresses i the powder-inhi

+-4
33
W
4
0
.—lo
3
Hy
®
Y
"

son for the creaticn of the intermal sires-
Ses 2t the contact area of the powder and inhitit
inaiviter's contraction during the process of iis sclildi-
Tication and use {exploi*atiocn). Suring
& due %to chanzge in the stcraze temperaturs,

i
material destruction, o the molecular and supe ;
3tructure relformation, to the plastificator v*porlzaticn, and 3

to the zas and humidity diffusion,

Zecause of the difficuliiss in the sxperimenial deter-
on ¢f the contraction degree of the inhibitor (tecause

©ility of "through slippage" of still unsolidi- ;

vder), the test way to deter- i

i
tor matter on thes pov
the intarnzl s*resses in the conitact surface hexween

the powder and +the inhibitor, is to apply the zonsole
zethed [é] and the expression:

- ™ F-3
o= .3 n 42303, (F+1 -K) (11)
A 2
7z — - -
§ 478, {£+2, ) 1
- 'S

] f and £, = the thicknesses of the inhibitor and of the powder
4 test-tube onto which the inhibvitor is brought,

.':."1 & Z,= the powder and the inhibitor relaxation medules,

7 = the elevation of the free end of the test-tubde,
1 = the test-tube length,
X = the neutrzl line position in the powder-inhititcr system.

E e e e e———C R
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Zn *the bvasis of *he thus determined intermal stressas,
lated the +time within which +*he cracks will =zp-
he ziven storage conditicns. 5].

T= 7, 3xp I Yo (12)

om
bk

Ty = the constant 10 l3=,ec,

33 = the energy of the activaticn process when the contact

tetween powder and inhibditor is Leing torm,
Y = ihe structural ccefficient{the time sensitilitiy of th
system destruction under z constant lcad),

2y ]
tt

- — o -
the 333 constant,
=3
A4

T = the 2:iperiment's temperature,
o = the constant load [intermal s*resses).

Intarnal stresses can also exist in the pcwder mass
ltself,especially when the powder contains a large juantity
sf nard particles-fillers { as is the caze with composite
scwder). Then the internal stresses aprpear on the sontac
surfzace tetween the bond and XC O Al and others. In thi

P = (ac - 2m}ATE (13)
1 +de) + (1 +0,) Zc/In /
P

and the radial and tangential siresses:
gr = - P (r/a.)2

st = P (r/a)?
where
Zc & Em = the modules of elasticity of the solidified bvond
and filler, °
a, x a, = the coefficient of the linear temperature ex
" tension of the bond and filler,
r, a = the outside and inside diameter of the grain

eylinder,

-13-




the diffesrence between the ‘em rature of <he
snlidification (pol Jmerlza ion), and the tampera-
ture at which the pressure is ~.et.\,lc"ru.lﬁ.ed,
Jc & 1, = Poissen's numter for the tond and filler.
Jrom the values o- and o wnich were in this manner

A
v o3
loulated, it is possibvle {12) to obtain the time which remain

until the appearance of cracks or destruction by using this ex-

S2uence the physical staoility of the rockst powders, zs well
inkiti%or system alsc exist. CTzses, such 2s, for
gradatien ¢l the mechznic charzcteristics of
wdar during siorage; the migration of IIGL Zrom powder
Jo! + n low thermeodynanic tclarance,
23y 2also limit the useful life of rocket powder. Sin

c
me+hods by which tiese changes can be monitorsd zre published

Z
or on account of their

§ie
»

in li<eraturs, they will 2ot e elatorated here.
v

the rocket powder »loc

le do not have data which would indicate that scmewhere
n *the world the zbove outlined rethods relating to the
ontrol of physical changes in rocket powder btlocks have Teen
30 thoroughly developed as to be accepted and incorporzted
into official texts and technical specifications. So far as it
iz ¥nowm, in these countries where the manufacturers have to
meet such requirements, sutstantially simpler but alsc sub-
stantially less reliable tests are used, such as:

-The cycling of powder at extreme temperatures of ex-

ploitation, for a certain time and along with defined climatic
conditions.

L O

- The determination of time when cracks do appear in a
sample of powder. This sample is usually in form of a cube
whese 3ides are 51 xm; such a cube is wrapped into Al feoil

-14-
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thermostated to 20t 0.5°C
carance of cracks is checked Dy aprlying :

the tixne when cracXs appear at
series of

[]

egree of degradation of the mechanical character
iztics of the powder block is datermined by measuring the

‘ reduced stress firmness and the interruptible elcngation in
test-tubes which themselves are made of powder ;rains,
which =2re chzscked at different increased temperature-

5. The obtained resul*s are then extrapollated to the
storaze temperatures.
The avaluation of the compatibility of the powder wiii

+he »allistic modifisrs is conducted as follows: the basic

powder cemposition which has a minimal content of stabilizers
ground and mixed with ballistic modifiers, whose influenc
is weing investigated. All of this is then warmed up in a
Tag to ,003, until i+ tegins to smoke, cr until the
tamperaturs of the mix*ture is increased by 2°C. If the ck-
+ained time of the mentiornsad changes is less for adout 2C7 zs
comrparad to the time ottained bty testinz the "standard"”

powder, then this ballistic modifier must not Te used.

Jo ottain a better insight into the powder atus with
ragard to the spontaneous combustion, the safety el its use
and its %allistic stability, it is necessary <o broaden the ;
cvntrol tests. Some tests which are elsewhwre teing used for i
checking physical chanzges in a powder block could be accepled. ’
There are conducted other tests researching the complex in-
fluences of numerous factors which are present during handling,
storage and exploitation of powder. Such scientific effort
will remain, at least for some time, a topic for research and i
development. ;
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