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DEVELOPMEN" OF A DETERRED PROPELLANT FOR A JARGE CALIBER WEAPON SYSTEM

0. C. Mann
Ballistic Research Laboratory
U, S. Army Armsament Research and Development Command
Abcrdeen Proving Ground, Maryland

ABSTRACT

There is a continuing need to increase the velocity and associated
terminal performance of dinetic energy ammunition as tougher armor
targets are encountercd. Appliicat.on of a deterrent, or burning rate
reducer, into the surface of standard propellants, together with appropriate
changes in geometry and loading density, has been suggested as a means
of increasing velocity by as wuch as ten percent. The attaimnment of
such a desirable performance gain is critically dependent on the deterrent's
satisfying certain requirements: {1} cheaical compatability with the
base propellant, (2) sufficient ponetration of the base propeilant, (3}
diffusion stability of the deterred region over an extended time, (4)
igritability of the deterred layer, {5) sufficient decrease in bumrming
ratc., Infortunately, there exists only a minuscule data base on the way
deterrents behave when applied to various base propel ' ants. The deterred
propellants used in small arms and anti-aircraft guns were developed by
a cut-and-try technique, and the sort of data required for rational
design of large caliber wcapons systems, e.g. buming rates in the
devirred region, is extremely scarce., Since we lack an appropriate data
bas. we have used thermochemical calculations and burning rate estimates
to identify promising deterrent/base propellant combinations, The
burming rate estimates were based on empirical fits to avnifﬁSﬁe closed
homb and strand burner tests with small arss propellants., Several
promising deterrent systems are presented, including five candidates
which exhibit a decrease in burmning rate with no decrease in propellant
cnergy. On the basis of these thevretical predictions, an experimental
deterrent ¢ -ating and analysis study has been initiated at Radford Army
Ammunition Plant,

INTRODUCT ION

The reguirement for increasingly higher muzzle velocities in large
caliber weapon systems (LCWS) firing kinetic energy (KE) ammunition has
led to theorctical and experimentai inve.tigations of high performance
propulsion systems cmploying advanced technologies'. The goal of the
effort has been to provide a significant increase in the muzzle velocities
of existing weapon systems without changing the hasic system hardware or
operating limits. One highly successful and proven small arms technique
for increasing performance under these constraints is that of deterred
propellant., The task of applying this small arms deterrent technology
to LCWS is complicated by the fact that the bulk of this technology has
heen empirically derived to meet the requirements of specific small arms
applications with little direct emphasic ot €lucidating the tundamentals
of deterrent technology®. This Edisonian development approach has been
ratisfactory in the past for shall arms systems duc to the relatively
small amounts of propellant required and the simplicity of small arws
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baltlistic testing. It is cost prohibitative in LCWS, where large amounts
of propellant are required and the cost of firing even a few rounds can
exceed the costs of an entire small arms firing program.

The Ballistic Research Laboratory (BRL), US Army Armamsent Research
and Dewvelo, sent Command (ARRADCUM) , has initiated a program to elucidate
deterrent technology fundamentals so that high performance, deterred
propulsion system may be efficiently designed and developed for any
large caliber application. This program is currentiy using the M68, 105-mm
tank gun firing K¥ ammunition as a convenient design base and test
vehicle,

BACKGROUND

Producing a higher velocity for 2n existing projectile requires that
more energy he imparted to the projectile during the ballistic cycle, The
kinetic energy of a projectiie at the end of the ballistic cycle, i.e,, at
muzzle exit, is proportional to the integral of the projectile hase pressurs-
bore travel curve less resistive forces, One can increase the pressure inte-
gral while maintaining the allowable peak pressure by raising the trailing
portion of the pressure-tyavel rurve,

Raising the final portion of the pressure curve by increasing the
mass rate of gas genevation with the fraction of propellant burned is
cvalled progressive bumang, Two factors that control progressivity are
propellant surface area and linear buming rate {or rate of surface
regression). These can be tallored to give the desired performance. At
any given nressure, the amount of gas generated will be a function of
the burning surface area. By selecting a grain gecsetry that gives an
increase in surface as buming progresses, one can increase the mass
burning rate and associated pressure after maximum pressure.

The second tailorabic factor that controls wass hurning vate is the
linear burning rate. This is the rate at which the buming propellant
surface recedes parallel to itself. In the interior ballistic cycle,
the higher the burmning rate, the more gas produced per unit time. By
tailoring thosc portions of the propelling charge that burn during the
final portions of the pressure curve to burn at a higher rute, more
propellant can be consumed in the same time period and more guas will be
generated, again, increasing progressivity, One method for providing
such a differential burning rate propellant is through the use of deterrents,
this has proven highly successful in small arms.

in ovder to apply this technology in a logical manner to LCWS, we
must have a basic understanding of how deterrents work. A deterred
propellant is one where the base grain formulation has had a chemical,
the deterrent, impregnated into some or all of the exterior surfaces of
the proupellant granulation. This produces propellant grains with a non-
uniform distribution of constituents consisting of a deterred surface
laver surrounding or encapsulating the interior, original base grain
regions (see Figure 1}). The deterrent provides increased progressivity
hy lowering the hase grain formulation's buming rate in the deterred
layer. This is illustrated in Figure 2, which shows the closed chamber
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burning rate versus pressure behavior for a standard M30, ? perforation
propellant with ethy centralite (EC). Note that the initial portiom of
the propellant has a lower burning rate due to the deterrent. As the
deterred layer is consumed, the burning rate returns to the standard M30
burning rate,

The deterred layer barns during the initial stages of the ballistic
cycle, and it provides a slower rate of ges generation during these
initial stages than would the undeterred base grain. The deterrent
delays the -levelopment of the peak chamber pressure in time, and it
allows the projectile to travel slightly farther down the bore. This
increased projectile travel provides a large valume into which the
combustion gases may expand. The result is a peak pressure lower than
that produced by the same charge loading of the undeterred base grain
formulation vith identical geometry. This larger volume for pressure
development allows the use of higher propellant loading densities in the
chamber without exceeding the maximum allowable pressure. It also
slightly raises the pressure in the trailing portion of the pressure
curve as seen in Figure 3, thus increasing the integral and imparting
greate: energy and velocity to the projectile.

Since the reduced burning rate effect of the deterrent provides the
desired increased progressivity, the obvicus question is, how much
improvement in muzile velocity will deterrsd propellants privide? An
initia} technology demomstration effort by BRL in the 105em, M68 tank
gun firing KE asmunition and using deterred, 7-perforation M30 propellant
produced a two percent increase in -u.zzle velocity over the standard
M30 propellant at the same peak pressured. This is not an insignificant
grain as it translates into a 500-meter increase in effective range for
this weapon system. Furthermure, theoretical studies as part of this
initial effort have forecast that increases in velocity of as much as 10 percent
are possible if the deterrent concept is combined with other
proven propellant technologies, such _as higher energy propellant formuslations
and more progressive grain geometry.3 The promise of thess performance
gains has led to the present theoretical and experimental investigations.
The goal of the present effort is to develop a rational, efficient, and
expeditious method of optimizing the use of detorrent meterials in a
given base grain formulation.

CRITERIA FOR DETERRENT DESIGN AND SELECTION

Our first step in developing design criteria was to examine typical
detervent materials used in small arms development programs. Table |
contains a listing of such materials, An initial analysis 7evealed that
the one common characteristic of these materials is that they have
negative {or only slightly positive) heats of formarion. This is illustrated
in Tabie 11, which lists the theoretical adiabatic isochoric flame
temperature (Tcv) and impetus of these materials at two concentrations
in a homogeneous mixture @itk ¥ propellant. Note that in all cescs,
thet both the Tcv and impetus of M9 have been reduced.




TJable 1. Deterrent Candidates
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A number of factors must be known to design a deterred propellant
system with a minisam of trial and errorZ, These factors include chemical
- compatibility, chemical stability, detarrent penetration, ignitabfltcy,
and burning rate modification. The most basic requirement is that the
deterrent material be chemically compatible with the base grain ingredients.
; This is usually determined for short term purposes by such compatibilfty
' tests 25 Vacuua Stabilicy, the Heat (wethvl violet) test, thermogra-
vametric analvsis, Taliani, and differential scanning calorimetry. The
long-term chemical compatibility is genervally deterrined by accelerated
aginyg studies where the ingredients are mixed together and stered at
vlevated temperatures for long time periods., Such factors as weight
loss, color changes, changes in mechanical properties, and changes in
chemical specles concentrations are usually monitored. As a general
rule the more reliable data are obtained at temperatures around 303-313
Kelvin over long time p«rtods5.
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The next basic requirement s that the detérrent material be
capuble of penetrating the base grain matrix. Penetration is controlled
by a large number of factors: the solubfility of the deterrent in the
coating solvent system; solvent levels in the base grain; nature of the
base grain binder and plasticizer system; costing temperature; degree of
agitation; deterrent melting point; deterrent molecular site; coating
tioe; chemical interaction of functional groups on tlhe detercent and
base grain ingredients; and deterrent concentration in the coating

solution,
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Yout Jeterrents are applied at elevated temperatures in a solvent
solution or suspension to propellant grains kept agitated by some means.
The agitation prevewts clumping of the grains during the fmpregnation,
ar as {t is comronly called, the coating process, and encourages a
uniform distivibution of decerrent into all the surfaces of the grains,
focluding the perforations., The result {s illustrated in figure la,

.
)

In another experimental method the propellant strands are dipped
into a super-saturated deterrent solution after extrusfon but prior to
cutting the strands into grains, This process allows the deterrent to
peneirate only fnto the outer surface of th» strand and not into the
perforations or grain ends, and {s iilustrated in ¥Figure 1b,
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A similar coating of the extruded strands with a solution that does
- not penetrate into the surface produces a coating exterior to the strand
*5 surface. Matertals applied in this manner are generally referred t- as

. inhibitors and are illustrated in Figure lb. Inkibitors prevent Fu.ming

" of the exterior wall of the strands or grains during some or all .f the

.. gun combustion cycle., As a rule, deterrent candidate material: that do

o not penetrate into the base grain, but foram an inhibitor-like surface .

coating, cause clumping of the grains during storage and are unacceptable.

It is no trivial matter o deterwine the proper pr-cessing conditions
and materials to produce an acceptable deterrent coa! .ng. The penetration
fs waually determined by chemical anslysis of the b.ik amount of deterrent
impregrated into the grain, followed by closed be .t and ballistic
firingslz. Venetration depth can also be deter ined by such methods as
optical analysis of thin sections of propella.t grains vhere the deterrent
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changes the optical dengity of the deterred region (sometimes hightened

by staining techniques). Other methods can include chemical analysis of
thin sections of the deterred regions to de:zrnine penetration depth and W
actual deterrent concentratior in this layer®. ‘
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Once the required perietration has beer achieved, as determined by

, successful ballistic performance, the deterrent material should not

l migra~c with time and temperature within the grain., Most deterrents are
helieved to penetrate the grain via 2 Jiffusion with binder interaction

wechanism which results in a deterrent concentration prefile as seen in

Figure 4% Note that the der:vrent concentration is relatively constant ;

throughout the deterred rrjion with a vory steep gradient at the deterrent =

penetration front. This produces a propellant graln which can ecasily be

thought of as a twe jayered system consisting of the surface, low burning

rate deteired layer surrounding the internal, higher burning rate, base

grain vegions, Experimental cvidence with nitrocellulose (NC) binder

systems suggests that the formation of, and the stability of, this type

i of deterrent concentration profile is the result of hydrogen bonding

between the deterrent molecule and the binder2.6,10, This type of

concentration profile may not hold true for polymeric deterrents which

cuntain few chemicel functional groups availsble for hydrogen bonding

but rather depend on the overall size of the molecule to prevent migration.
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Deterrent sigration is gonerally evaluated by closed bomb determination
of relative quickness {RQ) and relative force (RF). The freshly deterred
propellant is tested and is then stored at sowe constant, elevated 3
. temperature (30-504%C) for at least three months, The R} and RF ure then Y
determined again. Thanges in R} are primarily attributed to deterrent
nigrationlz. -
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fleterrents tend to increase the ignition delay. {n rapid firing
weapons this can be a significant factor. In LCWS, with relatively slow
rates of fire, this is not a major effect and should easily be resalved
through a stronger igrition system., Ideally, the deterrent with the
shortest ignition delay should be chosen when all other factors remain
the same,
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' The base grain burning rate wmodification by the deterrent is the
s final and most important criterion. The deterrent may be chemically
compatable, penetrate into the hase grain, have good ignition, and not
migrate, but all o these features are irrelevant if the deterrent does o
not reduce the burning rate of the base grain to produce the desired
ballistic results., Only deterrents that can adequately moddify the base v
grain buming rate in reasonable concentrations need be considered for
compatibility, penetration, and migration evaluation with a given base
grain formilation. The degree of this burning rate decrease effect

would provide an initial screening criterion for deterrent/base grain
sclection and would greatly simplify and expedite the development process,
it would also serve as input data in interior ballistic computer simulation
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] codes to guide the development program.
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MODELING OF DETERRED SYSTEMS

Modern interior ballistic codes do a good job of modeling the
performances of undeterred charges, The additional information required
by these codes to model deterred systems consists of the thermodynaamic
data for the deterrcd vegion, the depth of deterrent penetratinn into
the web, a2nd the buming rate of the deterred region.

The required thermodyvnamic data can be easily calculated and consists
of the impetus (force), Tecv, specific heats ratio of the combustion
pases (ganma), the covollme, and for some codes, the average molecular
weight of the cowbustion gases, The concentration of the deterrcat in
the deterred layer must be known to make these calculstions, Since
deterrent is confined to the outer layer, the actual deterrent concentration
in the deterred layer is greater than the bulk concentration, While
unique for each base grain, deterrent and weapon system apniication, the
bulk concentrations of small arms deterrents typicallv range [vok one to
ten percent of the total propellant weight with concent ' lions of the
deterrent in the deterred region ranging approximately from tenm t5
thirty percent’.

Figures 5 and 6 show the changes in impetus and Tcv as a function
of deterrent concentration in an M9 propellant base grain, As seen in
these figures, the Tcv and impetus of the deterred layer in the 10 to 30
percent range is considerably different from the no-deterrent (base
grain formlation) case. This supports our model of a deterred grain as,
in the simplest case, consisting of two different propellants.

The burning rate of the deterred layer is the next piece of information
required. For each base grsin formulation, this will depend on the
deterrent, its concentration, and the concentration prufile in the
deterred layer. With the change in base grain buming rate as a function
deterrent concentration known, one could easily simulate existing deterred
systoms., Conversly, this data could be used to design deterred propulsion
systems. The problem is that there is very little deterred layer burning
rate data available. This situation must be rectified before effective
nodeling can occur.

Since burning rate reduction is the prime effect of deterrents, let
us put aside the thermochemical effects for the moment. By considering
a deterred grain as a two-propellant system, based on the concentration
profile of Figure 4, interior bailistic codes could be used to determine
tne optimus differences in burning rates and the thickness of the deterred
laser {depth of penetration) to provide the desired ballistic effect,
Frow these results, a deterrent candidate could be selected that will
produce the required reduction in burn rate as a function of <oncentration
and the depth this concentration sust penctrate to give the required
results. This would not only allow efficient selection of deterrents,
but aiso serve as a design guide in producing the required propellant,

DETERRED REGION BURNING RATE DATA

While there is a wide variety of available detsrrent materials and
an ever-increasing number of energetic base grain formulations, there




has been little direct experimental burning rate determination of compositions
typical of deterred regions. However, there are at least two studies

where the burning rate of a homogenous deterred system has been detersined.

In these studies various levels of deterrent were incorporated as part

of the prupellant composition during manufacture. This resulted in

grains or strands with a uniform distribution of constituents throughout

the grair or strand., Table [Il contains a susmary of the compositions

and reduced hurning rate data of these studies,

In a study performed for BRL by Reilfler and L wery of the Olin
Corpordation, two sets of prngellants were produced to simulate single
and double base compositions®. The double base compositions contained
8-10 percent nitroglycerine (NG). Both compositions used NC with spproxisately
13.1% nitrogen content, Uuplicate ball propellant lots at various dibutyl
phthalate (DBP) levels (d maximmm of 16 percent DBP) were produced and
the closed bomb burmning rates determined, The initial effort was to
determine the burning rate as a function of NG and DBP concentrations,
Stiefel re-analyzed the data and correlated the burning rate as a function
of the Tcv of each composition’. The correlation of the burning rate
coefficient with a constant exponent of 0.8053 was determined to be

b = -0.8340 + 8.39%6 X10~% Tcv

L

\ where

r = bp"

- g
B &8
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and r = sm/s=c burn rate, b = coefficient, P = MPa, n = 0,8053,
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Stiefel's plor of the burning rate coefficient versus Tcr with the S
Riefler and Lowery data is given in Figure 7, snd shows the best fitting
straight line.
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In a similar, unpublished effort, Moy determined the strand burner
burning rate of a homogenous series of propellants with ethyl centralite
(EC) deterrent’., The base grain composition consisted of NC (12.6
percent nitrogen) with 2 percent 2dinitro diphenyl amine stabilizer.
Propellant formulations with EC concentrations of 0, 1, 5, 10 and 20
percent were produced and the strand burning rates deterained, Our
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evaluat ion of these data at BRL determined the burning rate as a function Y
of EC concentration to be ugs
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ry = (0.96 - 0.12 In [EC})r,
where ry = »m/sec burning rate of £C containing composition, r, = mm/sec
burning rate of composition without KC, and [EC) = the EC concentration
in percent,
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The constant coefficient corrclation of the Moy data between the
exponent and Tey, with a coefficient of correlation (R?) of 0.995 is

n= 082945 + 5.5 X 10'5 Tev
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wheve I

r = an =93
and, r = mm/sec, b = 0.003 and P = psi. ;Eﬁ
The constant exponent correlation between coefficient and Tev with o

an R% of 0.995 is

K%
b= (4x 1872+ 6,056 x 1077 Tev) 25.4 <
where -
r = bp" y
and ::
)
r = mm/sec, n= 0.9776 and P = psi o
l' A plot of th~ correlation of both constant exponent and constant coefficient L
with composition Tcv is seen in Figure 8, The best fitting straight "o
lines are shown. $:;
l-}:l
: We attempted to correlate the burning ratec effects of both these .o
( studies into a single expression., Numerous combinations of Tcv, average )
l gas molecular weight, covolume, and adiabatic pressure with the reported
burning rutes from a first to a third degree multiviarant linear regression ;
analysis failed to give a useful correlation. Reoasons for this lack of .jﬁ
. correlation could include the differences in burning rate determination K
; methods and the differences in nitrogen content of the NC (13.1 and 12.6 "
percent). However, in both studies the burning rates are strong linear o
' function of the compositinon Tecv, which ranged from 1900 to 3200 Kelvin :
4 in both efforts. More experimental data are needed to develope a unifled o0
; expression for predicting deterred region burning rates in any base B
) grain over a wide Tcv range. ool
: S
. DESIGN OF DETERRED SYSTEM o
! Deas and Trafton used the Riefler and Lowery burning rate study o
; formula (based on ingredient concentrations) to determine the theoretical ey
J opt imum perfoimance ohtainable with a hypothetical high-energy double-base ey
' propellant, roughly equivaient to M9 propellant, with DBP deterrent3, o0
. The desivn test bed was the M68, 105mm tank gun firing KE ammsnition. Double- S
' base propellant was chosen, as it is an energetic propellant that is rcadily
: producable. The goal was to predict performance gains available from a "t
: propellant (with a higher energy than the standard M30) both with and without [
: u deterr~d layer, ;:{f.
’ o
N For their analysis, the bulk concentration was set at 2, 4, and 6 .
! percent DBP, At each bulk concentration the deterred surface layer
a concentration (SLL) was varied at 7, 9, 13, and 17 percent DBP. The I
. depth of penetration was determined by tiie SLC.  Thus the higher the -
: SIC, the less the deterrent could penetrate, The web at each charge f?j"'
. wehght and S51C was varied to give the same peak pressure. The resuits Do
A are seen in ¥igure 9, R
!
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I This theoretical analysis determined the optimum conditions to be a
: 2.4 percent bulk concentration with a 7-9 percent SLC. This deterrent

b coabined with a 19-perforated base grain gave a predicted l10-percent velocity
S improvement over the standard M30 propellant in the 105am design system,
' Three percent of this gain was due to the deterrent.

o

IBP was chosen as the deterrent for this theoretical study hecause
‘ of the availability of burning rate data but it is not a realistic
< choice. DBP tends to migrate in propelliants containiag more than 20
: percent NGZ: and thus a problem remains of selecting a suitable replacement
for DB in order to test these predictions experimentaily,

We used the strong dependency of the deterred layer burning rate on
Tcv to develop a useful design tool for selecting a DBP replacement., We
assumed that any chemical effects of deterrent candidates on the base
grain burning rate are minimal and accounted for in the calculation of
Tev., As M9 is a double base propellant, Stiefel's correlation was used
as a yardstick to compare the relative burning rate effects of candidates
to that of DBP, Deterrents that have Tcv's similar to DBP at the same
concentration should modify the base grain burning rate almost the seme
R as DBP. Thus viable, direct DBP replacements could be selected in a
. rational manner, Then other factors such as penetration behavior and
“u migration effects could be used for evaluation and final selection.

N

.-*."‘.'

*
-
PR A

o Nzt 4

At

ime note of caution is seen in Figure 6, Note that all the curves
W\ A are more or less linear down to about 2200 K. B8elow this temperature we
FS recognize that our linear correlation model will be invalid and care

R should be exercised in making comparisons.

L Table Il lists a number of candidates to replace DPB which are

. ranked by TCV at a 7.5 percent concentration in M9, Based cn the Stiefel
correlation, a *70 K Tcv variation around the Tev of DBY at 7.5 percent

. gives @ burning rate variation of about * 5 percent, This provides a

DA reasonable rule of thuab to select a direct DBP replacement, There are

o a nukber of materials in the tahle that fall within the range.

The candidates in this range arc all close to the same molecular

weight but should have different penetration and migration effects.
WL Dipheny! phthalate (PP}, a slightly higher molecular weight analog of
N DBRP, has been used to replace DBP in highly plasticized binders (:-20
o percent NC). Yue to the larger phenvl group, DPP could be expected to
. penetrate less than DPBP, but also to migrate less than DBP. Broadman
;o and Devine alsc suggest this type of behavior hy DO is & + to the
greater electron contributing effect of the phenyl group which makes the
carbonyl oxygen of the phthalate group -?50 ?lectrOﬂegative, thus forming
stronger hydrogen bonds with NC than DBP "L The other materials in
the group around DBP should demonstrate similar subtle penetration and
migration differonces,

LY

* N N
e .
-

g Deterrents with higher Tcv's than DBY will require higher concentrations
: to achieve the same burning rate mudification, Camphor at the 15 percent

PO concentration has about the same Tcv as DBP at 7.5 percent, Thus, for

S the same burn rate change, camphor would need about twice the concentration

. as DBP at the same penectration, The npposite trend should be true for




such materials as Arcwax, which is about 15 percent cooler than DBRP at
the 7.5 percent concentration,

Lttt

Once the deterronts are ranked by Tev, the next factors to consider
are the gross penctration and migration effects, Dme to the high pluastisizer
content of MI, mo e¢cules, molecules similar in size to DBP may migrate. Mne
solution is to use much larger or even polymeric molecules. Arcwax is suzh
a large molecule, but due to its size, there may be a problem in achieving the
: same penctration depth at the lower concentration necessary to give the same
5 huming rore efrect as DBP. Due tn size alone, Arcwax will form a narrow,
: high SLC with very low burning ratss, G54-Paraplex (Hurkote) Ls a4 polyester
polymer and should show similar size effects as Arcwax but, with its
bigher Tcv than DBP at 7,5 percent, the burning rate modification of
G54 will be less than Arcwax at the same SLC. Thus (54, while still
> tending to form a high SLC, is favored over Arcwax. Another advantage
of G54 is thut, nlong with its high molecular weight, it has sites
" avallable far hydrogen bonding. Both of these are features which prevent
3 migration,

Ky Nt )
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Of dircct interest to pruducing a propellant with amy deterront is
the sensitivit, of balliscvic performance tec SLC variation, i.,e,, depth
of penctratio The genetral trend scen in Figure 9 is, that the lower
the bulk concentration, the less sensitive the performance is to depth
of penetration, i.e., :he SLC curves are closer togetner. This lowered
sepsitivity provides an important Jesign feature. Using low bulk concentrations
will allow greater flexibility in the processing conditions which control

..,
N e %

N'ﬁ" «® ¥
.
. Py

depth of penciration, This rlexibility will help insure lot-to-lot ",
performance uniformity, o major problem in deterred propeilant minufacture, e
. A“:‘-':
~ Should it hecome a prohlem, the deeper penetration required by the :;Q

K- four percent bulk concentration couid be achicved by harsher deturring
conditions such as stronger solvent systews, higher temperxtures ind
morc restdual sotvent in the base grain, These conditions in a double
Lise system sucrh as MY tend tc leach out the NG, This reluces the
overall energy of the fiulsked propellant and the NG contamination of
the coating solve.t system complicates processing. The two percent bulk
concentration plot shows far less sensitivity to depth of penetration.
This Jdeterrent level should make production easier and still previde

. significant perfermance gains, While this analysis indicates trends,

o ; 4

.‘&

P
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3 X

x sxperimental penecration and migration data with M9 is needed hefore 4 ﬁﬁ;
rational cholce can he made. :ﬁ:
r,._-‘
[ ]
EXPERIMENTAL EFFORTS e
) N development prugram is underway at Radford Army Ammunition Plant ot
- (RAAP') to cvaluate those concepts for demonstraticn in the 105.mm cank N
. gun, The initial stage of this offort consists of Jeterring M9 grains s
& in the labhoratory under idcntical processing conditions (typical of ;Q:
' large scale production) at two or more coating levels, Thne initiai PN
{] svlection of deterrent candidates will cume from Table 11, The change
3 ir base grain RF ang "Q wisl be determined as well as the buik and
' deterred layer concentrations., Determiznation of the deterrved layer '
x burning rate will be attempted via closed bombh analysis, ‘
o
-
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Biased on the penetration and burning rate data, several large scale
lots of ballistic and homogeneous deterred lots will be produced. The
ballistic lots will he deterred and, after analysis at RAAP, test fired
at BRI, The homogeneous lots will be produced for closed bomb burning
rate amalysis at BRL, This effort will not only develop a high energy,
dpterred propellant for the M68 tank gun, but also validate the desizn
concepts presented,

The inrtral lakoratory results from RAAP imdicated that the ethyl alcohol-
witer solven? syste= typicallv used at RAAP to soften small arms grains prior
te wdding tYe deterrent was having twoe main effects, The first wac that
the MU 21105 were eoong softened too much, causing clumning and grain defor-
mation upon drying. An explanation i5 that the high NG content in MI may be
gcausing the grains to be too soluable in the normal softening solution,

Another factor say be that propellant grains for the 105-mm gun are much larger
than a typical small arms graan. This means that the LCKS grains have a

puch smaller snrface area per unit mass than small arms grains, Thus it

takes longer for the same amount of alcohol to penetrate into the smaller
surface area of the same mass of LOWS grains. This results in a higher

alvohol concentration for a longer time period at the LCWS surface.

This coupled with the higher soiuability of M9 in the ethyl alcohol

suftening agent may be producing the observed results. The concentration

aof the alcohol is being reduced to solve this preblem,

The second effect vl the softening solvent found ir the laburatory study
wis that, even under the mild, smali amms-type coating : wmditions, the NG was
bheing leached out. Closed homb analysis of samples yun through the processing
conditions without a deterrent showed a significant reduction in RQ. This
effect i< heing analyted further, Should these initial results prove valid,
this =ay provide & useful method for generating an exterior, low burning rate
regi-n ik propellants using high concentrations of energetic plasticicers.,

The next step was tao use the laboratory results to coat 22.5 kilogram
{50 pounds) hatchs of 89 propellant in the production coating equipwent with
© "4 and methyl centralite. The first attempts were at a coating temperature
wb @™ 0 This resulted in excessive softening of the grains with both deter-
reat-.  ftrom this eftfort it was discovered that about 90 percent of the
deterrent added in the coating sovlution was being taken up by the grains,

trom thetwd results it was decided to reduce the cvoating temperature.
Sybsejquent coatings were made at 55 and 459 with the same solutions and
doterrent concentrations as attempted at 679C. The coatings at both temper-
stures apprared acceptarle. The analysis of these efforts are still in
progress and further dota was unavailable at the time thiz report was written,

FUTURE EFPORTS

In onder to expand the deterrent technology data bhase, several
future efforts are planned, While M9 is high in energy and ecasiiy
produced, its high flame temperature will cause barrel crosion and
possibiy flash problews., Some of these effects will be ameliorated by
the deterrent. Future efforts will include developing deterrents for

iy
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high energy, lower flame temperatures propellants based on solid filled,

i nitramine systems, Sizilar efforts to the present M9 program are planned 9
g using this type of propellant, This will also include determining -
Y deterred homogenecous burning rates of various deterrents with these B
" nitramine basc grain formulations, f

. Traditional deterrents lower both the impetus and Tcv of the hase K
l! grain. This reduction in energy offsets the gain of burning rate control ie
", by requiring an increased charge loading to veplace the energy lost due ',
o to the deterrent. what id the impetus could be maintained while the p
. flamse temperature and hurning rate is reduced? There are several low ry
o0 Icy, high energy materials heing developed to replace the high Tev $

: plasticizers such as NG and to replace NC as the only choice for a high A
i. energy propellant binder. Table IV is a listing of some of these materisls =
v and Table V is a comparative ranking of the Tcev at the same concentration ~
e in M), A useful comparison can be made w:th ONT, the most energetic :
L deterrent in common US propellants, and which can be seen to have a high :
Ky Tev (Table 11). By assuming that the burning rate is a function of Tiv, +)
i the corrclation of burning rate with flame temperature determined by
. Stiefel can be used to predict the change in burning rate produced by

the materials,
bigure 10 is a comparison of the predicted change in MY burning )
: rate at a 20-percent concentration of a variety of standard and emergetic ‘s
. deterrent materials as compared to the change the same concentration of ¥
] ONT is predicted to give, With ONT as our yardstick, GAP, NBN and
: Propyl NENA do not lower the M9 burning rate as much as DNT. Indeed GAFP -
and NBN are being developed to provide increased burning rates. The .
alkyl NENA's above Butyl NENA as well as the BAMD polymer show promise. 3
.. A

¥ tigure 11 compares the impetus of these materials at a !0-percent 4
- concentration to the M9 base grain impetus, MNote that a 20-percent
N concentratin of Heptyl NENA has about the same impetus as the same )
. voncentration of DNT, while providing a greater burning rate reduction Y
:&‘,:} Jue to the lower Tev than DNT as seen in Figure 10,

x while admittedly a crude analysis, the data do suggest that the >
. development of energetic, low flame temperature deterrents is possible. -
;,; These materials will be included in the luboratory scale coating efforts X

at RAAP in FYS2D. :
CONCLUS TONS ’

r %
‘I” Designing and developing Jdeterred propellant systems for LOWS in a '
" rational manner requircds knowing the cffect of a detorrent on the hase
- grain formlation's burning rate. From an analysis of the limited o
. deterred layer burmming rate data available, a method “or predicting this :
o burning rate effect has been developed hased on the strong linear correlation ;
St of burning rate with the adaibatic, isochoric flame temperature of the -
}! deterred region down to about 2000 K. This theoretical correlation -
o hased on therrochemistry does not predict exact burn rate effect in -
e -
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- every basc grain, but does provide relative comparisions. Using this
correlation several provising deterrent candidates for an M3 double base
propellant have been selected for evaluation in the 105-mm tank gun. A

w significant achievement of this methodology is the selection of five K’
B deterrent candidates which exhibit a decrease in burning rate without N
bt the energy loss associated with traditional deterrents., This analysis ¢
o is being used to guide a deterrent development program now ongoing at 3
N .
N by
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