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1.0 INTRODUCTION

Accurate burning rate determinations and identification
of nonuniformly burning propellants are essential to the char-
acterization and quality control of solid propellants.l How-
ever, the test procedures currently employed to provide measured
burning rates are cumbersome to implement and at high pressures
(> 10,000 psi, 670 atm) do not yield sufficient information to
resolve the significant variations in the burning of individual
grains which result from small changes in propellant formula-
tion, anticipated variations in processing procedures, and
changes in raw material lots. Indeed, even in the intermediate
pressure range (v 2000 psi, 135 atm) where there may be suffi-
cient data, accurate burning rate measurements require careful
attention. Prior tc this study, there were no systematic means
of identifying out-of-specification burning rates and nonuniform
burning of solid propellants other than examination of pressure
versus time data and statistical analysis of individual burning
rate measurements. Since the length of the individual grains
are small (e.g., 1 to 2 cm), the conventional methods of using
fuse wires to time burning intervals are extremely difficult

to implement.

1.1 Burning Rate Measurements

Improvements in burning rate measurement techniques
are required since they will permit in-process control using
burning rates obtained from single grains taken directly from
the production line. These more accurate measurements are also
essential in the development and application of mathematical
models of the combustion process.

The primary purpose of this project, therefore, was to
develop techniques for obtaining accurate and detailed measure-
ments of solid propellant burning rate. In particular, the
project was directed at advancing the technology used to meas-
ure the burning rates of single base propellants in the 10,000
to 50,000 psi range (670 to 3400 atm). This effort departed
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from both the conventional methods of chamber pressurization
and bhurning interval measurement. Chamber pressurization to
50,000 psi (3400 atm) was achieved by using a hydraulic pump,
rather than the expensive and temperamental nitrogen intensi-
fier systems; the burning interval was monitored automatically
by timing the period of acoustic emission from the burning
propellant, rather than by fuse wire schemes which are unsat-
isfactory for small propellant specimens. Furthermore, an
important advantage in the acoustic technique under development
lies in its ability to detect nonuniform burning and to measure
the burning rates of propellant grains (sampled during various
stages of a production run) so that compliance with specified
standards can be determined in time to adiust the processing

procedures and formulation.

1.2 Burning Rate Uniformity

Also as part of this project, a technique was demon-

strated for recognizing localized and intermittent variations
in burning rate, i.e., burning rate variations occurring in
regions as small as 0.5 mm and over time intervals of a few
milliseconds. The diagnostic technique is capable of recogniz-
ing burning rate variations and nonuniformities that occur in
individual grains of nitrocellulose-based propellants. Average
burning rate variations are traditionally recognized from
burning rate versus pressure data (i.e., r vs p) obtained by
burning long strands or from detailed analysis of closed-chamber
pressure versus time records. However, these methods seldom
give clues as to why the burning rate deviates from a standard.
Furthermore, it is not uncommon to experience increases in the
standard deviations of ignition times, operating pressures, and
other performance parameters which cannot be related easily to
any particular average burning rate measurement.

The value of nonuniform burning determination is immediate.
For example, the results show that propellants with short,
localized burning rate variations have proportionally larger

-




average burning rate standard deviations; these larger devia-
tions (which would be masked in long strand data) may be sympto-
matic of unacceptably large deviations in ballistic performance.
As another example, the technique has utility as a process
control tool which enables the process engineer to locate the
source of burning variations; short, localized burning rate
variations may be sumptomatic of problems such as incomplete
mixing, porosity, and irreproducible flow alignment. during
extrusion or casting. As part of a follow-on study, the tech-
nique 1is being refined and evaluated for use as part «f the
on-line quality control of multi-base propellants manufactured
by modernized processes.l In that application, the propellants
may be tested immediately after the grain extrusion step; thus,
process corrections can be made within a relatively short time

interval.




2.0 TEST APPARATUS AND PROCEDURES

2.1 Combustors

Two combustors were designed and fabricated as part
of this project for use with the acoustic emission instrumen-
tation. The first combustor is for intermediate pressure (to
2000 psi (135 atm)] and was used to check the acoustic emission
instrumentation and to evaluate the pressurization concepts
used in the high-pressure combustor. The second combustor is
for high pressure [> 50,000 psi (3400 atm)] and was used exten-

sively in this project to measure burning rates at high pressure.

2.1.1 Intermediate Pressure Combustor

The intermediate pressure combustor shown in
Figs. 2-1 and 2~2 uses a stainless steel pressure chamber which
is filled with liquid (usually water) and pressurized to a pre-
determined level (up to 135 atm) with a hand-operated pump. The
pressure is maintained constant with a nitrogen accumulator.
As the propellant burns, its combustion UHFAE is sensed by a
piezoelectric acoustic transducer mounted on the side of the
combustor and the combustor pressure is sensed by a piezo-
electric pressure transducer.

Ignition in the intermediate pressure system is accom-~
plished with either an electric hot-wire igniter or a per-
cussion primer. The primer ignition method is implemented as
shown on Fig. 2-3; the combustor head contains the primer, the
firing pin, grain holder, retaining ring, and a seal to maintain
pressure. The firing pin is struck to activate the primer that
in turn ignites the propellant sample. The hot-wire ignition
was satisfactory for most applications. The electrical con-
nection for the hot-wire igniter is passed through the combustor
cap.

2.1.2 High Pressure Combustor

The major components of the high-pressure (up to
50,000 psi) apparatus are the heavy-walled combustor and an air-
actuated high-pressure hydraulic pump. The arrangement of the
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Fig. 2-1 The intermediate pressure combustor system
The combustor cell is pressurized with water using
a hand pump. The propellant grain is then ignited
and its acoustic output in the UHFAE range is
sensed by an acoustic emissions transducer. The
pressure in the combustor is kept constant using
the nitrogen accumulator system shown. After the
burn, spent water is exhausted and pressure is
relieved by opening the blow-down valve.
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Pictorial drawing of combustor that operates in
intermediate range pressure. Burning occurs under
liquid and burning interval is monitored by acoustic
emission detector.
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components is shown in Fig. 2-4. The heavy-walled combustor
with a single grain and hot-wire igniter in position is shown
in Fig. 2-5a. The dimensions of the combustor are shown in
Fig. 5b. Photographs of the apparatus are shown in Fig. 2-6.
A special fixture used to ignite all surfaces of a multi-
perforated grain is shown in Fig. 2-7.

Since improvements in the apparatus are being implemented
as part of the follow-on study, the apparatus and the operating
procedures will be described in greater detail in subsequent
reports.

2.2 Instrumentation

An instrumentation system was developed to acquire

and analyze the following observables:

(1) wultra-high frequency acoustic emission (UHFAE)
generated by the combustion process.2'3'4

(2) very small pressure fluctuations which are a direct

consequence of burning propellants in a hydraulic
medium with a very small free gas volume.

This study employed the combustors and instrumentation to focus
on the combustion of nitrocellulose-based solid propellants in
the form of multi-perforated grains and conventional strands.
The UHFAE data acquisition system consisted of the following
Dunegan Endevco Corp. components: AE 4001 amplifier, 802P-A
preamplifier, and 731 transducer, plus a 100 kHz piezoelectric
pressure transducer (Kistler 607A). The combustion-generated
UHFAE sensed by an acoustic transducer is processed as shown
in Fig. 2-8. Additional descriptions of the instrumentation
and data analysis techniques are given in Ref. 2. The trans-
ducer output is filtered and frequency components above 100 kHz
are preamplified 1000 times (60 dB) and then conditioned in an
acoustic emissions monitor to obtain the root mean square (RMS)
of the signal at a convenient 1 to 10 volt level. The burn dur-
ation is determined directly as the period of this latter signal.
The method of determining burn interval is discussed and analyzed

T .

in Ref., 5. This acoustic burning rate measurement technique

i
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INTERNAL DIMENSIONS: 7.5 CM OD & 23 cm LONG

Fig. 2-5a Schematic drawing of combustor system showing
arrangement of igniter, propellant sample, and
acoustic emission detector.
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Fig. 2-5b Configuration of high pressure vessel

showing overall dimensions.
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Control panel of high pressure combustor

oy SR BRI

Combustor (on left), accumulator (on right) and strand
holder (in foreground)

Fig. 2-6 Photographs of high pressure combustion apparatus
developed at Princeton University as part of AUTOCAP.
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EXHAUST

Fig. 2-7

The propellant sample under test, shown here as a single M-6
grain, is enclosed in a graphite capsule and rests on a wire
screen. The sample is ignited electrically using a nichrome
igniter and a charge of nitrocellulose shavings stored in the
. primer. The graphite capsule has a nozzle that aids the flow

of hot primer gases around the grain as well as through the
perforations.
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INSTRUMENTATION

HIGH PRESSURE COMBUSTOR
FILLED WITH LIQUID

SHOWING PROPELLANT SPECIMEN
//;;IAND HOT WIRE IGNITER IN PLACE

PRE-AMP  RMS AMP

-~{x103 @) o Ip16ITAL
ST I
ACOUSTIC RECORDER -
EMISSION ',' {4 CHANNEL)
TRANSDUCER 11
|
| “
e C”ﬁﬁff - -~ L] INTERVAL
/ \ | TIMER
LR pRESSRE :
TRANSDUCER vl OTIME
|+ FROM HIGH STANDARD
™ PRESSURE PUMP S

Fig. 2-8 Instrumentation used to measure burning

time interval and acoustic emissions.
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eliminates the drilling of holes for breakwires and precludes
propellant contact with anything but the burn medium.

The UHFAE signals are stored in a digital waveform recorder
(Biomation 1015) capable of sampling the conditioned data at
rates as fast as 0.0l msec. These data are accompanied by the
pressure history of the combustor (i.e., total pressure rises
are typically 1 to 4%) and the output of a time-mark generator
used as a time reference to accurately determine the burning
interval.

2.3 Test Procedure

One of the goals of this study was to make direct
determinations of the burning rates of as-manufactured propel-
lants, which in this case were propellant grains with seven
perforations and outside diameters ranging from 0.6 to 1.5 cm
and lengths ranging from 1.0 to 2.0 cm. Accordingly, the
grains were burned lengthwise as strands. To prepare the test
specimens, individual grains were trimmed square and measured
to within *+ 0.005 cm. Then, a flattened nichrome-wire igniter
in zig-zag form was mounted on one end of the strand with a
smear of acetone-based cement. Finally, to promote uniform
flame spreading across the surface, a thin (0.05 cm) cardboard
disk was held lightly against the nichrome wire.

The strand and its mount assembly were installed in the
combustor which had been pre-fiiled with tap water of controlled
temperature and the system was pressurized to the desired
pressure. To avoid questions concerning the immersion time,
ignition was programmed to occur three minutes after the
propellant was first immersed.

In many cases, the liquid medium effectively prevented
flame spreading along the side of the propellant strands.
However, in the experiments discussed here, the grains were
inhibited to eliminate all questions concerning flame spreading
into the perforations.
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Previous studies3’6

have demonstrated that when the experi-
ment is properly designed, burning in a liquid medium does not
affect burning rate. High-speed photographs reveal that the
combustion gases issuing from the burning surface form a

gaseous atmosphere above the burning strand which prevents the
surrounding liquid from coming into contact with the burning
surface. However, if either the pressure is sufficiently low

or the cross-sectional dimensions of the strand are sufficiently
small, the momentum of the gases issuing from the burning
surface will be too low to exclude the surrounding liquid. (For

more details, see Ref. 5.)

2.4 Other Burning Rate Determination Methods

Three burning rate determination methods in addition
to the method described in Section 2.3 are illustrated in Fig.
2-9. The three other methods are summarized briefly in the
following subsections.

2.4.1 sStrand Burning Rate

A strand of propellant is cut to a convenient
length, drilled for a hot-wire igniter, and measured. A
nichrome-~wire igniter is passed through the hole, the strand
is mounted on a plastic base, and the igniter leads are
connected to terminals. The remaining steps are the same as
described in Section 2.3 and in Ref. 5.

2.4.2 Web Action Time (WAT)
To measure their WAT in a high-pressure gaseous

atmosphere, propellant grains are installed in a grain holder
shown in Fig. 2-7. The holder consists of an inner crucible
fabricated from graphite with a port at one end and an orifice
machined in the other. The base is a wire screen used to
prevent propellant grains from failing into the combustor fluid
during ignition. The nozzle end of the crucible is butted
against an igniter assembly which consists of a nitrocellulose
propellant primer ignited with a coil of nichrome wire. The
igniter engulfs the propellant grain in flame for the purpose

of achieving uniform ignition over all of the propellant surface

S.
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To make a run, the combustor is pre-filled with helium
(an inert gas that is not readily absorbed into the liquid)
to 68 atm (1000 psi); then the pressure is raised to the
desired operating conditions. During the experiment the grain
does not come into contact with the pressurization liquid,
rather, it remains in the atmosphere which is a mixture of

compressed helium and combustion gases.

2.4.3 Multiple Grain Web Action Time
Clusters of six M1l grains can be burned in the

WAT configuration. The results are compared to those for single
grains. During the design of the experiment, the emphasis was
on obtaining extremely rapid and uniform ignition. At the
present stage of development, the WAT experiments resulted in
relatively large test-to-test variations in measured burning
rate. The difficulties are being attributed to the slow flame
spreading in the perforations and variation in the dimensional
stability of the perforations in the grains.

F——
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3.0 RESULTS OF PROPELLANT STUDIES

3.1 Burning Rate Measurements

The burning rate properties of the propellants listed
in Table 3-1 were studied. Nitrocellulose (NC) is the primary
ingredient in all of the propellants. The Lot U Ml propellant
has a higher KZSO
M1 propellant.

4 and entrained water content than the Lot P

The fibrous NC used in the M1l propellants becomes tangled
and causes discontinuities (with dimensions on the order of
one millimeter). Those regions in which the tangles of fibrous
NC have not been dispersed have relatively small concentrations
of the other propellant ingredients; all of the other ingredients
act to suppress burning rate and energy level. It is well known
that increasing the energy of NC-based propellants also increases
their burning rates. Accordingly, it is reasonable to expect
the discontinuous regions containing higher NC concentrations
to have higher burning rates. The nitroglycerin which is added
to increase energy also acts as a plasticizer and, thereby, tends
to distribute the fibrous NC to make the propellant more homo-
geneous., Accordingly, M26 propellants appear to be much more
uniform in composition than the M1 propellants.

The burning rates of the propellant grains burned as end-
burners are shown in Figs. 3-1, 3-2 and 3-3. The range, number,
and mean value at each test pressure are indicated on the figures.
Tabulations of the data are given in Tables 3-2, 3-3, and 3-4.
The variations in the M26 burning rates are less than those for
Ml. As shown in Fig. 3-2, the burning rate variations of pro-
pellant M1l Lot P are greater than those of propellant M1 Lot U.

The burning rate pressure sensitivities, n, obtained as
part of this study are compared to two types of burning rate
measurements obtained at the Feltman Laboratories of Picatinny
Arsenal.7 As indicated on Table 3-5, the n values obtained
at the Feltman Laboratories by burning long propellant strands
in high=-pressure N2 are comparable to the results obtained during
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Table 3-1

Propellants Used In Experiments

[ Single Base Double Base
M1 M26

Percentage by Weight

Lot U Lot P
Nitrocellulose ¥

(13.15% nitration) .73 i $7.33
Nitroglycerin -0~ -0- 25.0
Dinitrotoluene 9.97 9.65
Barium nitrate 0.75
Potassium nitrate 0.70
Ethyl centralite 38 .0
Dibutylphthalate 5.30 5.61 3
GRAPH/TR b b o
Diphenylamine 1.07 1.10 =0
b b

K,SO 2.10 0.62
e e e A Tpeniivitoes ST i SRS GRS
Total volatiles 2.67 0.95
Residual Solvent 0.27 0.18 1.20
Water 2.40 0.77 0.3
Grain diameter, cm 0.60 0.60 0.60
Lot RAD-PE~-| RAD-PE~- RAD-65116

441-vU 441-P

Wood sulfite cellulose

b Added to basic propellant
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Table 3-5

BURNING RATE PRESSURE SENSITIVITY

PRINCETON " FELTMAN LAB.
ST

SINGLE RAND CLOSE

GRAIN CHAMBER
M1 LOT U 0.943* 0.90 0.67
M26 0.938** 0.90 0.80
M30 0.96 0.65

* COEFFICIENT OF DETERMINATION = 0,9993
**COEFFICIENT OF DETERMINATION = 0,9999
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BURNING RATE CONSISTENCY
OF AS-MANUFACTURED GRAINS

PRESSURE, MPa

o 100 200 300 400
R -
=’y
o /
Q- 8 /
o ”3 4
E » /
O
2 &
= =1 =%
=
a2 [
| HIGH
F MEAN
= 5 <e— NUMBER OF TESTS
3”2 N LOW
r 1 | 1 RN A R
10,000 20,000 40,000 60,000

PRESSURE, PSIA
BURNING RATES CORRESPONDING TO SPECIMENS

WHICH EXHIBITED A. E. BLASTS:
* M1 LOT U (SINGLE BASE)
® M26 (DOUBLE BASE)

Fig. 3-1 Comparison of single base and double base
burning rate data. (Tests which exhibited
A.E. bgasts are not included in mean.)




BURNING RATE OF AUTOCAP
M1 LOTS U AND P

PRESSURE, MPa

o 100 200 300 400
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10,000 20,000 40,000 60,000
PRESSURE, PSIA
BURNING RATES CORRESPONDING TO SPECIMENS
WHICH EXHIBITED A. E. BLASTS:
* M1 LOT U (SINGLE BASE)
* M1 LOT P (SINGLE BASE)

Fig. 3-2 Comparison of two lots of single base
propellant showing that the extremes of
the burning rate variabilities are similar.
(Tests which exhibited A.E. blasts are not
included in mean.)
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AS-MANUFACTURED GRAIN BURNING RATES
COMPARED WITH
SPECIAL STRAND BURNING RATES

PRESSURE, MPa
100 %90 3q0 490

PRINCETON DATA

4 /  — FROM AS-MANUFACTURED GRAINS
<k _____ FELTMAN LAB. DATA
/ FROM SPECIAL STRAND%
1 1
10,000 20,000 40,000 60,000

PRESSURE, PSIA

3-3 Comparison of burning rates measured at

Princeton from as-manufactured grains
and at Feltman Laboratories from specially
manufactured strands.
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this study. It should be noted that the long strands (for
laboratory studies) are manufactured using the same procedures
as the multi-perforated grains except the die that forms the
seven perforations is removed. Since the strands have thicker
propellant regions than the multi-perforated grains, the dis-
tribution of volatiles through the strands is different than
that of multi-perforated grainse. Thus, differences in burning
rates are not unexpected.

Included in Table 3-5 are the n values from linear burn-
ing rates back calculated from the pressure versus time history
measured during closed-chamber tests. The accuracy of such
back calculations is limited by the accuracy of the combustion
gas properties. While there is a high degree of precision
(e.g., 1% or better) of performance predicted in terms of
relative force (RF) and relative quickness (RQ),8'9’lo in
several cases the n's obtained from closed-chamber were lower
than the n values required to correlate muzzle velocity data,
using the lumped parameter chamber model. The n values measured
during this study are consistent with the n values that have
been used in lumped parameter chamber models to correlate gun
data. Closed chamber results are presently being used success-
fully in the more comprehensive two-phase flow internal ballistic

modelsll’lz’13

to predict performance. Based on the data
obtained to date, there is reason to expect that the burning rates
obtained using the technicues described in this report may be
more useful as inputs to performance prediction computer codes
than the widely used burning rates back calculated from closed-
chamber results. However, it should be noted that burning
rates obtained for burning in the axial direction of a multi-
perforated grain may differ from the burning rates through the web.

3.2 Burning Rate Uniformity

The RMS of the acoustic emission signal, the alter-

nating components (AC) of the acoustic emission signal, and

the pressure rise records for representative tests are shown
in Figs. 3-4, 3-5, and 3-6. The results for an irregularly
burning propellant specimen (Fig. 3-4) should be compared with
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those of a uniformly burning propellant specimen (Fig. 3-5).
The history of propellant burning can be traced in Fig. 3-4.
When the propellant ignites, a rapid onset of the acoustic
emission signal occurs and the pressure in the chamber begins
a uniform rise. When the propellant combustion and burning
rate are uniform, the acoustic emission level (particularly the
RMS signal) is reasonably constant (e.g., the upper trace on
Fig. 3-5) compared to the six prominent RMS signal spikes which
appear on Fig. 3-4. Such spikes corresponding to enhanced
UHFAE output are referred to as A.E. blasts. The peak pressure
occurs at strand burn-out. Note that a propellant grain with
a regular burning rate has a well-defined pressure peak which
corresponds to a relatively flat burning surface intersecting
the base of the cylinder; whereas, the irregularly burning
propellant grain has an ill-defined pressure peak (or a rather
broad pressure plateau) corresponding to the irregular burning
surface intersecting the base of the cylinder.

M1l and M26 grains that had burned about 4 or 5 mm were
extinguished by rapid depressurization and the contours of
the extinguished surfaces examined (see Fig. 3-7). The uni-
formly burning M26 propellant has surface irregqgularities which
were generally 0.3 mm or less. The surface irregularities
of the more uniformly burning M1l propellants were generally on
the order of 1 mm and in cases of very irregularly burning
specimens, pits as deep as 5 mm occurred. This is direct
evidence that the A.E. blasts are associated with localized
increases in burning rate.

The propellant specimens which produce the A.E. blasts
and ill-defined pressure peaks also have appreciably shorter
burning times. The A.E. blasts are believed to be produced
during the combustion of local regions (with typical dimensions
on the order of 1 mm) of significantly higher burning rate.
Indicated on Figs. 3-1 and 3-2 are the burning rate points which
were determined from grains which produced A.E. blasts. Note
that in all cases those burning rates are high. A direct
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A.E. BLASTS

AE ;\:'Z
IGNITION gLOW

PRESS VS TIME PP BURNOUT

Ml Lot P At 10,000 Psi

Fig. 3-4 Example of high level of acoustic irregular-
ity and the corresponding uneven burnout as
indicated by the lack of sharp pressure peak.
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3-5 Example of very regular acoustic emission
and the corresponding sharp burnout.
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PRESS VS TIME
O

M26 AT 10,000 ps1

Fig. 3-6 Very low acoustic emissions from double-
base propellant M26. Pressure 680 atm.
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A) TYPICAL SURFACE NONUNIFORMITY B) EXAMPLE OF SEVERE PITTING

M1 LOT U M1 LOT U
DISTANCE BURNED: 0.5 CM DISTANCE BURNED: 0.7 CM
UNEVENNESS: > 0,05 CM DP 29 UNEVENNESS: 0.3 CM DP 28

c) UNIFORM SURFACE M26 p) CROSS-SECTIONED M1 LOT U
DISTANCE BURNED: 0.6 CM GRAINS SHOWING
UNEVENNESS: < 0,001 CM DP 33 NONHOMOGENEOUS REGIONS

TEST PRESSURE 680 ATM
ALL GRAINS EXTINGUISHED AFTER BURNING AS
AN END BURNER

Fig. 3-7 Extinguished grains (burned as end burners) reveals
that a particular single base propellant (M1l) burns
very nonuniformly compared to a double base propel-
land (M26).
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relationship was found between duration and severity of the
A.E. blasts and the increase in burning rate above that of
uniformly burning propellants. In Fig. 3-8, the rather large
variations of burning rate of particular lots of M1l are
plotted in terms of the duration of the A.E. blasts. A refine-
ment of this type of correlation has direct application in
quality control procedures.

A gualitative assessment (based on a 1 to 10 scale) of
the sharpness of peak pressure corresponding to burnout is
indicated on Tables 3-2, 3-3, and 3-4. The sharpest pressure
peak is given a rating of 10. Note the correspondence between
the unusually high burning rates and the quality of the pres-
sure peaks.

A close examination of the pressure rise often reveals
that associated with the A.E. blasts are small increases in
the pressurization rate. This is further evidence that the
A.E. blasts are associated with higher burning rates.

The acoustic emission (following the ignition transient)
from M26 propellant are barely perceivable using the same
instrumentation and amplification as were used for the Ml
propellants (compare the results of Figs. 3~5 and 3-6). Normal-
ly, the acoustic emission of the M26 was amplified by a factor
of ten higher than that in Fig. 3-6 in order tc observe the
signal.

The reason that the M26 propellant burns more uniformly
is probably a result of the nitroglycerin acting as a plasti-
cizier to disperse the fibrous nitrocellulose and the nitro-
glycerin acting to increase burning rate. Since the nitro-
glycerin dominates the burning rate-controlling processes, its
contributions overcome the discontinuities produced by incom-
plete dispersion of the fibrous nitrocellulose. In summary,
the foregoing discussion shows that three observations are
consistent with abnormally short strand burning times: (1)
intervals of increased acoustic emission, (2) gradual decrease
in pressurization rate at strand burnout, and (3) extinguished
burning surfaces which are irregular and pitted.
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RELATIONSHIP BETWEEN ACOUSTIC BLAST
AND ABNORMAL BURNING RATES
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FRACTION OF TOTAL BURNING TIME
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Fig. 3-8 Acoustic emission data indicates that burning
rate increases abnormally during period of
A.E. blasts.
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4.0 CONCLUSIONS

As a result of this project, an accurate, efficient, and
economical means of measuring the burning rates (at pressures
up to 50,000 psi) of as-manufactured nitrocellulose grains
was developed and put into use. In addition, a diagnostic
technique for recognizing burning rate nonuniformities was
demonstrated. Since this project was part of a broader effort
by the Army to improve the acceptance procedures of propellants
produced by modernized processes (e.g., se2 Refs. 1, 8, 9, and
14), the next step is to test the results (obtainable by the
techniques developed during this project) against the end-
item performance of propellants. This will be accomplished
as part of a follow-on contract.

The detection of acoustic emission from burning propel-
lants in addition to being used to time burning intervals
also provides information relatable to the quality of burning
and, thus, the quality of the propellant. Excessive variation
in the acoustic emission level can be the basis for identify-
ing a propellant lot that was improperly manufactured.

In the course of the study, burning rate irregularities
of nitrocellulose propellants were related to the degree to
which the fibrous nitrocellulose was dispersed. Energetic
plasticizers which increase burning rate and improve mixing
of ingredients are expected to improve burning rate uniformity.

Burning a propellant charge consisting of several hundred
multi-perforated NC grains tends to average the effects produced
by the higher burning rates of individual grains. Nevertheless,
propellant lots with higher populations of nonuniform burning
grains will be manifested by higher overall burning rates (i.e.,
higher relative quickness ) and less well-defined pressure
versus time programs.

The technique described in this report is relatively easy to
implement and is applicable to all classes of propellants. Ac-
cordingly, it should be considered whenever propellant burning
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rate uniformity is in question (e.g., damage to propellants
resulting from high strains, propellants in which dewetting
of solid particles is a possibility, and propellants which

contain networks of cracks or porous regions).

mm
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