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FOREWORD

This technical report summarizes the work conducted in the development

of an igniter for incorporation in the EX 91 Mod 0 charge assembly. This charge

assembly was intended for use with the 8-in. Extended-Range Guided Projectile \
in the Mk 71 Major-Caliber Lightweight Gun. Actual gunfire tests were conducted 5
where the pressure distribution in the chamber and the projectile setback ac- G {
celeration were measured for the first 8 ms in the interior ballistic event. ’
The resulting pressure waves and projectile loading were evaluated for each
type of igniter tested. These test results demonstrated that the magnitude -

of the pressure waves does not always correlate with the magnitude of the

early-time transient projectile loading. Hence, the absence of pressure waves 1

does not ensure against severe projectile loading.
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INTRODUCTION

The guidance and fuzing camponents in an 8-in. Extended~Range Guided
Projectile (ERGP) require a low-loading-condition gun launch with a maximum
rigid-body setback acceleration of 4200 g, a much lower requirement than for
the standard ballistic ammunition. This low value of maximum rigid-body
acceleration indicates that careful attention should be given to the early-time
transient loads produced by the charge assembly. During launch, forces are
applied to the projectile by the gun chamber gas pressure and the impact of
the propellant grains and case closure plug on the base of the projectile.
Existing techniques are not sufficient to permit the determination of total
projectile loading from the analysis of chamber pressure data alone. Hence,
the actual measurement of the projectile response is the only available method
to ascertain the level of acceleration experienced by the projectile.

The magnitude of pressure waves in the chamber has been correlated with
other ballistic anomalies such as projectile muzzle velocity variation and
breech blow malfunctions. Clarke and May1 have defined a parameter by which
the magnitude of these waves may be qualitatively described. This parameter
is commonly referred to as the maximum initial reverse pressure difference,
APi, calculated by subtracting the pressure near the base of the projectile
fram the gun breech pressure. Ideally this difference is positive or zero,
and large negative values are indicative of poor propellant charge ignition
and subsequent redistribution of the charge into void areas in the chamber.

Large negative values of APi are indicative of large pressure wave action
that, amongst other problems, creates greater early-time transient projectile
loading. Large impulsive loads to the projectile due to gas pressure, grain
impact, and case closure plug impact have been measured in the presence of
large-magnitude pressure waves. In the past, projectile in-bore and close
aboard malfunctions have occured when there were significant chamber pressure
waves such as reported in References 2 and 3. Futhermore, large negative
values of APi have been recorded coincident with other instances of poor charge
assembly performance that were caused by nonuniform ingition of the propellant
bed. A gun malfunction reported in Reference 4 was attributed to a flow blockage
in a base~ignited 76-mm OTO MELARA chage assembly resulting in restricted
ignition, excessive pressure waves, and a very large negative value of APi.

In fact, poor ignition has been correlated with excessive pressure waves in
References 1 through 7, where excessive pressure waves have correlated with
severe projectile loading. However, this study shows that transient projectile
loading cannot always be correlated with pressure wave activity alone and that
the initial loads transmitted by plug and propellant movement can create severe
projectile shock conditions.,

The data from four igniter development tests, which will be explained
in detail later, demonstrate the lack of correlation between pressure waves

* Superscript numerals refer to identically numbered references listed at
the end of the text.
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and early-time transient projectile acceleration. These four tests were con-
ducted to evaluate candidate igniter designs being considered for incorporation
in a charge assembly for use with the 8-in. ERGP. The five igniter designs

that were tested included a HIVELITE rapid ignition propagation (RIP), an
aluminum potassium perchlorate (ALCLO) RIP, a black powder RIP (BP RIP), and

a BP igniter. The RIP igniter concepts were investigated because of their
ability to uniformly ignite the propellant bed and reduce pressure waves in

the 5"/54 gun system. The afterbody configuration of the ERGP incorporated

long trailing fins which extended 1.5 calibers into the gun chamber. The ullage
around the fins, located between the front of the propellant bed and the base

of the projectile, was approximately 20 percent of the total initial chamber
volume. A large forward ullage in the gun chamber has previously been associated
with traveling pressure waves and severe transient projectile accelerations.

The first of the four tests in this series was an open-air test to measure
the axial propagation rate of the luminous flame front produced by each igniter.
The second laboratory test was intended to characterize the time-dependent
pressure distribution in an inert propellant bed. The third test was an actual
gunfiring that was designed to compare the performance of five candidate igniters
by measuring the pressure distribution in the chamber and the resulting early-
time projectile loading during the interior ballistic event. A final test of
a live propellant bed in the new 8-in. fiberglass disposable breech test fixture
was designed to record charge assembly component movement, flame front spread,
bed pressurization, and projectile response.

EXPERIMENTAL TECHNIQUE AND HARDWARE

Open-air and inert-bed tests were conducted to evaluate the performance
characteristics of the five igniter configurations. The sole purpose of the
open-air tests was to define the axial propagation rate of the flame front for
each design for the pyrotechnic weights considered. The flame front propagation
of the HIVELITE and ALCLO units was recorded using a HYCAM camera operating at
a framing rate of 40,000-frames/sec. A 1/2-frame (8-mm) FASTEX camera with a
13,000-frames/sec framing rate was used to record the BP and BP RIP firings.

In all tests, the igniter was fixed at its base in a section of a cartridge
case so that the entire length of the igniter was visible to the camera.

The inert-bed test was conducted in a fixture that included an entire
charge assembly containing an 8-in.-granulation inert propellant. A standard
cartridge case was modified to include six pressure ports at 6.4, 23.6, 39.7,
56.5, 73.3, and 90.2 cm (2.5, 9.4, 15.6, 22.3, 28.9, and 35.5 in.) from the
front of the lip of the case base. Kistler 202A1 pressure transducers with a
linear range of 0 to 34.5 MPa (0 to 5 kpsi) were used to measure the internal
case pressures. The case closure plug was held in place by the test fixture
during pressurization to provide a pressure seal at the case mouth.

Actual gunfire tests were conducted in a simulated Major-Caliber Lightweight
Gun (MCIWG) incorporating an 8"/51 Mk 29 instrumented barrel. The purpose




of these tests was to measure chamber -:dewall pressures and projectile base
acceleration. Pressure instrumentation in the chamber consisted of six Kistler
607A pressure transducers with a maximum linear range of 0 to 483 MPa (0 to 70
kpsi). Two transducers were mounted in the base of the cartridge case to
record data at 5.7 cm (2.3 in.) from the breech face of the gun. The remaining
four gauges were mounted on the chamber sidewall at 50.8, 77.0, 116.8, and
153.4 cm (20.0, 30.3, 46.0, and 60.4 in.) from the breech face. The tranducers
located at 5.7 and 116.8 cm were at the extreme ends of the chamber as it
existed after ramming, and the transducer at 153.4 cm was in front of the
projectile obturator. Hence, it was possible to map the pressure distribution
throughout the entire length of the chamber even after 22.1 cm (8.7 in.) of
projectile travel.

The simulated ERGP used in the gunfiring test is shown in Figure 1. It
consisted of the body and nose fuse of a standard 8-in. Mk 25 projectile, six
simulated tailfins welded to a simulated tailfin hinge plate, a nylon obturator
band, lead shot ballast, a steel instrumentation conduit, and an Endevco 2292
accelerometer. The ballast filled the explosive cavity in the projectile and
brought the simulated ERGP up to the weight of the actual projectile. The
Endevco 2292 accelerometer had a linear range of 0 to *20 kg. That portion
of the projectile aft of the obturator closely simulated the features of the
ERGP significant to the interior ballistic event.

The five igniters tested consisted of two containing HIVELITE* 300435
pyrotechnic pellets, one containing ALCLO pyrotechnic pellets, and two containing
BP. All but one of the designs, the BP igniter, incorporated a mild-detonating
fuze (MDF) along the entire length of the igniter to ensure initiation of the
pyrotechnic material at an axial rate of 6100 m/s (20,000 ft/sec). The two
HIVELITE igniters differed only in the total energy content of the pyrotechnic
material, 90 kcal (376.6 kJ) and 120 kcal (502 kJ). The pyrotechnic material
was evenly spaced along the entire length of the Plexiglass tube as shown in
Figure 2. The explosive train in the igniter was initiated by a bridge~wire/lead
styphnate element, taken from a Mk 1 Mod 1 ignition element. Transition to
the MDF was made via a 70-mg charge of lead azide and 70-mg charge of
hexanitrostilbene (HNS) contained in a stainless-steel ignition element,

Item 6 in Figure 2.

The ignition train used in the HIVELITE igniter was also used in the
ALCIO and BP RIP igniters. The tube containing the pyrotechnic was the same
length as the previous tube except it was 4130 seamless steel tubing containing
vent holes along its entire length and was capped with a threaded steel closure.
The AICIO igniter contained 120 kcal (502 kJ) of energy in the pyrotechnic
material and the BP RIP igniter contained 120 kcal (502 kJ) of energy in the
BP load. A secticn view of the ALCLO design is given in Figure 3; however,
the only difference between the igniter shown and the BP RIP was the pyrotechnic
material, The BP igniter was a Mk 37 Mod 2 igniter with a 49.5-cm (19.5-in.)
unvented length of steel tubing prior to the first vent hole. The BP igniter
also contained 120 kcal (502 kJ) of energy in the BP load.

*Trademark of the Teledyne/McCormick Selph
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The RIP igniters extended through the entire length of the propellant
bed as shown in Figures 4 and 5. The external configuration of the ALCLO
and BP RIP designs was identical. The BP igniter was 79.0 cm (31.1 in.)
long and extended through approximately 80 percent of the propellant bed
as shown in Figure 6.

The charge assembly utilized in these tests closely simulated the antici-
pated final design of the 8-~in. ERGP charge, and it incorporated one of the
igniters mentioned above. An experimental design ETHAFOAM* case closure plug
with a density of 0.14 g/cm3 {9 1bm/ft3) was selected for these tests., The
charge consisted of 31.75 kg (70 lbm) of NACO propellant, SPCF-11154, and the

cartridge case was a modified Mk 1 Mod 3 brass case. A section view of the
assembled charge is shown in Figures 4 through 6.

RESULTS
GUNFIRE TESTS

The open-air and inert~bed tests were conducted first, followed by the
gqunfire tests. 1In the gunfire tests it was observed that the magnitude of the
measured early-time projectile response did not correlate with the degree of
the overall chamber pressure wave action. The next logical step would have been
to conduct tests in the new 8-in. disposable breech gun to relate the igniter
performance to the charge assembly response producing the projectile loading.
Since funding for this program had been suspended, the disposable breech gun
tests could not be performed. The only recourse was to review the open-air and
inert-bed test data characterizing the igniter performance in order to explain
the lack of cor.=lation between projectile loading and chamber pressure waves.
The gunfire test results will be discussed first tc demonstrate the lack of
correlation. The laboratory test results will then be reviewed to identify the
igniter performance characteristics deemed responsible for the projectile loading.

The interior ballistic data measured in the gunfire tests indicated that
there was no correlation between the magnitude of the observed early-time
trans .ent accelerations and the magnitude of APi or dp/dt at the base of the
projectile. This implied that the majority of the transient projectile response
was due to mechanical impact on the base of the projectile. It is hypothesized
that the mechanical impact was triggered by small amplitude pressure waves.
Furthermore, the fact that APi occurred well after the maximum early-time loading
also indicated that the gas pressure impulse did not contribute significantly
to the transient projectile loading.

The round-to-round performance variations within each group of three
identical igniters were small. 1In spite of the small round count in each group
the data are complete and consistent enough to allow meaningful conclusions about
the performance of each igniter. A summary of the pertinent interior ballistic
data for the gunfire tests is presented in Tables 1 and 2. Table 1 lists

* Trademark of Dow Chemical
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the data for all 15 rounds in the gunfire tests. Table 2 summarizes the average
performance of each group of igniters in the open-air and inert-bed tests as
well as in the gunfire tests.

Both HIVELITE igniter designs produced an average early-time projectile res-
ponse that was approximately 40, 20, and 7 percent of that produced by the BP,
ALCLO, and BP RIP igniters, respectively. The pressure wave action, as measured
over the entire length of the chamber by APi, was essentially the same for all
of the igniters, +3.5 to -11.7 MPa (+0.5 to -1.7 kpsi). The above indicators
were consistent with the maximum rates of pressure rise measured at the projec-
tile base, dp/dt, of 20,700 to 27,600 MPa/s (3.0 x 106 to 4.0 x 10° psi/sec).
The relatively low temporal prescure gradients at the projectile base for each
ignition stimuli indicated that the impulse to the projectile aue to the gas
pressure was not significant. Based on this information, one can conclude
that in this situation neither AP; nor dp/dt was indicative of the total
early-time loading on the projectile.

Most important was the fact that in all 15 test rounds the maximum early-
time loading of the projectile occurred prior to the time at which APi occurred.
A typical example of this time relationship is shown in Figure 7 where the
maximum early-time projectile loading occurred before the maximum negative value
of AP.. 1In this figure, the pressure at 5.7 cm (2.3 in.) from the breech face
is re%erred to as Py and that at 116.8 cm (46.0 in.) as Pg. It should be noted
that in round 4 the BP igniter first vented at the middle of the bed and pressure
was initially discerned at that point nearly 2 ms prior to pressurization at
P} or Pg, the extreme ends of the chamber. As a result, the initial projectile
accelerometer response occurred after first pressurization in the bed but before
appreciable pressurization at the ends of the chamber. Thus, propellant bed
motion dominated the first projectile loading sequence.

The uniformity of the propellant bed pressurization was evident in the
Pressure distance plots in Figures 8 through 12. There were no large traveling
canpression waves being reflected from either end of the chamber. Furthermore,
the rate of pressurization at the projectile base was gradual and uniform, and
there were only subtle differences in the pressure histories for rounds fired
with any of the igniter designs. The pressure data indicated that small spatial
pressure gradients existed in the front one-third of the propellant bed during
the first 3 ms of interior ballistic event. These gradients were produced by
nonuniform ignition of the bed and probably resulted in compaction and translation
of the forward portion of the bed. Depending on the magnitude of these gradients,
they may have imparted substantial momentum to the campacted forwarded portion
of the bed.

Figures 13 through 17 present projectile base acceleration histories that
are representative of each of the five igniter designs. The accelerometer res-
ponse was initially recorded as an analog signal and was low-pass-at 80 kHz. The
analog record was then digitized at a sampling rate of 160 kHz to ensure against
the introduction of aliasing errors in the subsequent frequency spectrum analysis.
The fast Fourier transform (FFT) method was implemented to evaluate the relative
level of high-frequency energy content associated with a given acceleration his-
tory. The excitation associated with the highe. frequency components is considered
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significant in view of sensitive small guidance and fuzing components of a
guided projectile. The Fourier spectrum for each projectile response is shown
above its corresponding acceleration history in Figures 13 through 17. As the
forcing function on the base of the projectile approached a step function, the
magnitudes of the high-frequency amplitudes increased relative to the zero-
frequency amplitude. At frequencies greater than 10 kHz, the amplitudes
relative to that of the zero frequency amplitude were much smaller for the
HIVELITE igniters than the other three igniters. This fact was important in
that it indicated a more gradually projectile loading when a HIVELITE igniter
was used in comparison to a more impulsive loading of the projectile when other

igniters were used.

Only the HIVELITE igniters were able to reduce the transient projectile
response to a level equal to or below the rigid body design limits of the ERGP.
Acceleration data were recorded for approximately 8 ms into the interior
ballistic event. This time span corresponds to the first 30 percent of the
interior ballistic event; i.e., a time interval that certainly included any
significant early-time loading. The acceleration histories in Figures 15
through 17 for the BP, ALCLO, and BP RIP igniters indicate both set forward
and setback loads in excess of the limits set for rigid-body acceleration.
The Fourier spectra for these three rounds had greater high-frequency content
indicating a higher degree of impact loading of the projectile than those for
the HIVELITE igniters. Furthermore, the accelerations produced by the BP RIP
igniter were recorded in excess of *55 kqg.

OPEN-AIR TESTS

Laboratory tests were conducted to compare the performance characteristics
of each igniter. The data were re-evaluated after the gunfire test to help
explain the observed projectile responses. Open-air igniter tests with high-
speed color cinematographic coverage were performed to measure the axial
and radial propagation rates of the luminous flame front. A representative
record for each of the five types of igniters is presented in Figures 18
through 22. The framing rate for the HIVELITE and ALCLO igniter test records
shown in Figures 18, 19, and 21 was approximately 40,000 frames/sec. A framing
rate of 13,000 frames/sec was used for the BP and BP RIP igniter test records
shown in Figures 20 and 22.

Average propagation rates of the luminous flame are tabulated in Table 2,
Note that the HIVELITE igniter has an axial propagation rate five to eight times
greater than that of the other designs. The propagation time of the MDF was
not included in camputation of the propagation rate of any of the igniters since
it was assumed that the energy input to the bed by the MDF was small relative
to that by the pyrotechnic material. The propagation of the MDF in Figure 18
was visible as a bright light ahead of the more voluminous, less intense HIVELITE
plume, both advancing at approximately the same rate, 6100 m/s (20,000 ft/sec).
Even though the axial propagation rate of the igniter was more significant, it
was important to note that the HIVELITE igniter's radial propagation rate was
two to four times greater than that of the other igniters. Furthermore, there
appeared to be less variability from round to round with the HIVELITE igniters
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than with the other igniters. Analysis of the propagation of the HIVELITE

flame front in the open air indicated that this igniter should ignite the bed
more uniformly, in time and space, and more reproducibly than the other igniters
tested.

The BP igniter introduced its energy into a torus surrounding the first few
vent holes of the steel igniter tube and then later at the top of the igniter
where some of the BP was expelled fram the end of the tube. The cinematographic
coverage such as in Figure 20 indicated that the BP igniter provided centralized
bed ignition resulting in pressure waves which would reflect from both ends of
the chamber. The propagation rate of the BP igniter was much slower than that
of the HIVELITE igniters. The ALCLO igniter performance, as recorded in
Figure 21, was characterized by an axial propagation rate of 670 m/s (2,200
ft/sec) and a variability in the.flame front propagation. On one occasion it
propagated primarily fram the base and on another occasion from both ends. An
example of the latter is shown in Figure 21. The propagation of the flame front
for the BP RIP igniter was much slower than for the HIVELITE igniter. As shown
in Figure 22, the BP RIP igniter outgassing did not exhibit circumferential
symmetry and the radial expansion of the plume was much slower than for the
other designs.

INERT PROPELLANT BED TESTS

Inert propellant bed tests were conducted to determine the uniformity of
the bed pressurization, to make a qualitative determination of the times required
for the igniters to introduce their energy into the propellant bed and to ascer-
tain the maximum chamber pressure generated by the igniters. The pressurization
time was considered a qualitative indicator of the time required for the igniter
to supply its energy to the bed and to ignite a live propellant bed. Second, the
peak bed pressure was considered a qualitative measure of the igniter's ability
to create a uniform pressurized environment conducive to a reproducible self-

sustaining bed reaction. Other subjective evaluations were made concerning criteria

such as uniformity and repeatability of the ignition stimuli,

The HIVELITE igniter was superior to the other igniters considering all the
above performance criteria. Representative time-dependent pressure distributions
for each igniter in an inert bed are presented in Figures 23 through 27. A
summary of the average performance parameters for each of the three-round groups
for each igniter is included in Table ‘2. The HIVELITE igniters produced a
peak bed pressure in 0.48 to 0.68 ms in comparison with 1.30, 1.50, and 1.50
ms for the BP, ALCLO, and BP RIP igniters. As shown in Figures 23 and 24, the
pressure distributions at peak pressure were much more uniform than those for
the other igniters at comparable times. The low pressures at the case mouth in
Figures 23 and 27 was due to leakage past the case closure plug. The pressures
in Figure 25 supported the hypothesis that the BP primer ignited the bed in
the vicinity of the first few vent holes of the BP primer and then later at the
end of the igniter tube. The ALCLO igniter, as shown in Figure 26, pressurized
the bed from both ends with pressure waves moving to the center of the charge.
The time to peak pressure was approximately 1.6 ms. Of the other two rounds
of ALCIO igniters fired in this group, one pressurized the bed primarily from

b i,

—




TN T T e

the base end while the other began near the case mouth. In both instances,
spatial pressure gradients were set up in the front one-third of the propellant
bed; a condition that could have caused significant forward grain motion in

a live propellant bed. The last igniter design tested in the inert bed.
Representative results are shown in Figure 27. The peak bed pressure was

on the order of that produced by the HIVELITE igniter; however, the BP RIP
igniter took much longer to introduce all of its energy into the bed. Another
BP RIP igniter pressurized the bed from the base of the charge.

SUﬁHARY

Large~magnitude chamber pressure waves have previously been linked to
severe early-time projectile accelerations because of a significant gas pres-
sure contribution to the impulsive load on the base of the projectile. However,
it was demonstrated here that, even in the absence of a large gas pressure im-
pulse, the forward motion of the propellant bed and the plug imparted a severe
impact load to the projectile. All of the charges that were ignited with the
five igniters produced minimal pressure wave motion in the chamber. The magnitude
of Api was small; the pressure component of the total impulse was not significant.
However, only the two HIVELITE igniter designs ignited the bed in such a manner
as to reduce significantly the overall projectile loading.

It was not possible to correlate the APi observed in the gunfire tests
with the magnitude of the corresponding projectile early-time accelerations.
The differences in AP; among the various igniter designs were of the same
magnitude as the maximum expected error in the pressure transducer responses.
Hence, it was not possible to discriminate between the various average Ap;s.
However, an order of magnitude difference in the measured projectile response
was recorded in the gunfire test. Projectile accelerometer response for the
BP RIP ignited charges were an order of magnitude greater than for the HIVELITE
ignited charges.

The more uniform ignition of the bed by the HIVELITE igniters lessened
the pressure gradients in the forward portion of the bed near the projectile
base. Analysis of high-speed cinematography taken during the open-air tests
and pressure data recorded in the inert-bed tests showed that the BP, ALCLO,
and BP RIP designs had significantly slower axial propagation rates than the
HIVELITE designs. It was also determined that the HIVELITE igniters performed
more repeatably from round to round than did the other igniters. The inert-
bed tests confirmed the presence of a more uniform pressurization of the
propellant bed of the HIVELITE igniter implying a more uniform ignition of
the bed.
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CONCLUSIONS AND RECOMMENDATIONS

The following conclusions were drawn from the laboratory and gunfire tests
that were conducted to evaluate the five candidate igniters designed for use
in the 8-in. ERGP's gun propelling charge assembly. The data reported pertains
directly to the 8-in. ERGP fired from the MCLWG, but the general conclusions
drawn from the data may apply to other projectile/charge assembly combinations.

a. An igniter cannot be evaluated solely on the basis of its ability

to minimize traveling pressure waves in the chamber. The resultant
early-time projectile loading must also be measured and considered prior
to the selection of an igniter. The indicator of gross pressure wave
motion in the chamber, AP;, does not always correlate with the magnitude
of the early-time projectile accelerations. The values of dP/dt at

the projectile base and APi are indicative of the magnitude of the impulse
due to gas pressure, however, not of the impulse attributed to propellant
grain and plug impact. 1In this particular charge assembly/projectile
cambination, the early-time loading occurred well before the occurrence

of APi. The response of- an accelerometer mounted in the projectile

base is a more direct indication of overall projectile loading than APi
and dp/dt. Another indicator of the projectile loading may be the spatial
pressure gradients in the front of the propellant bed during the first
several milliseconds of the interior ballistics event. This gradient
should be indicative of propellant bed campaction and motion that could
result in a significant solid-particle impulsive loading.

b. The HIVELITE igniter produced lower-magnitude early-time projectile
loading than the BP, AICLO, and BP RIP igniters. The early-time average
measured projectile base accelerometer response produced by the HIVELITE-
ignited propelling charges was from 7 to 40 percent of that produced

when other igniter designs were used to ignite the propelling charges.

The difference in loading was attributed to the uniformity of the bed
ignition, with respect to time and space, produced by the HIVELITE igniter.
A proposed explanation of the higher accelerations with the other igniters
was plug and propellant grain impact on the projectile base due to the
pressure gradients in the front of the bed.

Should funding become available, laboratory tests similar to those reported
by East, et al., in References 8 and 9 will be conducted in the new 8-in.
disposable fiberglass breech simulator. These tests would provide time-correlated
data concerning the reaction of the charge assembly to the various types of
igniters and the subsequent projectile response. It would then be possible to
directly relate igniter performance to charge assembly response and subsequent
projectile loading.
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Figure 4. Charge Assembly with a HIVELITE Igniter
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Figure 5. Charge Assembly with an ALCLO or BP RIP Igniter

Figure 6. Charge Assembly with a BP Igniter
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Figure 18. Propagation of the Luminous Flame Front,
HIVELITE (120 kcal). Igniter

Figure 19. Propagation of the Luminous Flame Front,
HIVELITE (90 kcal) Igniter

Pigure 20. Propagation 'of the Luminous Flame Front, BP Igniter
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Figure 21,

Figure 22.

Propagation of the Luminous Flame Front, ALCLO Igniter

Propagation of the Luminous Flame Front, BP RIP Igniter
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