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FOREWORD

This report documents the development of a plastic cartridge case during
the period 1 May 1974 to 30 September 1974 by Brunswick Corporation, Sugar
Grove, Virginia 24375, under Contract No. F08635-74-C-0089 with the Air
Force Armament Laboratory, Eglin Air Force Base, Florida. The Program
Manager for the Armament Laboratory was Major Stephen J. Bilsbury (DLDG).

The Brunswick Corporation Program Manager was Mr. D. E. Cary. Other
Brunswick personnel that contributed to this program include Messrs. D.
Blevins, B. Burkett and J. Y. Richardson.

This technical report has been reviewed and is approved for publication.

FOR THE COtGANDER

ALFRED D. BROWN, JR., Colonel, UJSAF
Chief, Guns, Rockets 6 Explosives Division
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I

INTRODUCTION

This was a joint exploratory development program by the U.S. Air Force
Armament Laboratory and the U.S. Army Armament Command to provide a 25mm
automatic cannon for tri-service application. The program was based on the
utilization of GAU-7/A telescoped ammunition and gun technology to develop
a 2S= cased telescoped cartridge and a high performance rapid fire cannon
without the tri-service operational limitations associated with the GAU-7/A '
caseless system. The primary responsibilities of the U.S. Air Force were

the design, fabrication, test and evaluation of the 25mm cartridge. The

cartridge included the plastic cartridge case, the projectile and the pro-
pulsion charge. The U.S. Army was primarily responsible for the design,
fabrication, test and evaluation of critical components and subsystems and
for establishing a design base for the development of a high performance
cannon and associated ammunition feed and storage systems.

The objective of this program was to develop a lightweight, low cost,
all plastic cartridge case which would represent a major advancement in
aununition technology. The use of cartridge cases which were designed and
produced to exploit the many desirable properties of non-metallic materials
would provide the Air Force with many benefits such as: (i) reduced weight,
(ii) conservation of critical materials, Ciii) reduced thermal and mechan-
ical damage to guns and (iv) consequentially reduced cost of gun systems
operations.

This development effort covers the design, fabrication, test and de-
livery to Eglin Air Force Base of 2500 non-metallic cased 2ua= cartridges.

This program required the integration of several advanced state-of-the-
art concepts such as molded propellant charges, fully telescoped cartridge
configurations, and plastic banded projectiles into an optimized plastic
case to achieve maximum density and thus a minimum ammunition envelope.
This section discusses the major technical consideration in the design nn(.
development of the cartridge case.

The two major tasks in the program were the design and development of
the plastic cartridge case and the achievement of the desired ballistic
performance for the complete cartridge. In order to succeed in these
efforts, several design considerations were evaluated. Although satisfac-
tory cartridge performance was desired in a compatible single shot fixture,
it was assumed that, ultimately, the cartridge must be compatible with a
high rate-of-fire automatic gun. Therefore, a great deal of consideration
was given to the evaluation of design factors (Table 1) that represent this
more severe environment.

...



I
TABLE 1 DESIGN FACTOR CONSIDERATIONS

Cartridge Head
Chamber Clearance
Seal Interface
Cartridge Case

Wall Thickness
Length
Contour (Degree of base taper)
Extraction
Material

The brass cartridge case evolved as a practical solution to problems
encountered with repeating, breech-loading firearms. The typical cartridge
case must perform the following functions:

(a) Contain the propellant and ignitor in a package for
"handling and environmental protection.

(b) Hold the projectile in proper relationship to the
"propellant and ignitor.

(c) Contain a means for propellant ignition (primer).

(d) Provide a breech seal.

(e) Provide a chamber seal.

(f) Provide an easy means of extracting spent cases and
misfires.

If any of these functions cannot be or are not performed by the cartridge
case, then they must be accomplished elsewhere in the gun system. For ex-
ample, caseless and consumable cased cartridges depend upon the gun mechanism
for breech and chamber sealing. Overall cartridge case requirements must be
coordinated with the gun design for final definition.

The plastic required for a cartridge case must be a tough, relatively
high modulus material, with a high glass transition temperature, a reasonably
large value of elongation at failure, a dense molecular packing, and a chem-
ically resistant polymer. The glass transition temperature identifies a
physical property in amorphous and crystalline polymers where the material
undergoes a sharp change in mechanical properties. Below this temperature
the material is hard and brittle, but above it the material begins to soften
and does not exhibit tensile strength.

It was felt that the structural problems associated with plastic car-
tridge cases would have development priority and other considerations such
as moisture vapor transmission, long term propellant compatibility, effects
of solvents, aging, et cetera, would not be evaluated at this time. It is
apparent that the solution of many of these long term problems may not be

2
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fully achievable with one material. It may be necessary to protect the
plastic structural substratum with other materials more resistant to the
effects of the environment.

The GAU-7/A program objectives, ballistic performances obtained, the
significant factors that induced unacceptable performance and the identified
problem areas were reviewed. The objectives were to demonstrate the feasi-
bility of a high rate of fire gun, using a 25mm telescoped caseless car-
tridge, over a temperature range of -65OF to ,1600F, to protect caseless
ammunition from the effects of humidity and to provide o4turation in the
gun. It was felt that the problem areas were due to changes in environ-
mental conditions and seal leakage in the gun. Associated changes in
internal free volume of the chamber resulting from thermal expansion were
calculated based on the GAU-7/A operational environments and determined
not to be of significant effect on the interior ballistic performance of the
cartridge. The humidity and gun associated factors were minimized through
the utilization of the plastic case and a new gun design that minimized
leakage. Changes in environmental temperature had the most significant
effect on ammunition performance because of the influence on the reaction
rate processes that control the shot start sequences of the telescoped pro-
jectile.

The single shot test fixture designed by the U.S. Army Armament
Command incorporated a unique breech concept developed by GATX under a 20mm
plastic cased ammunition development contract to the U.S. Air Force.

The results of the program demonstrated the feasibility of the plastic
cartridge case in a single shot fixture at ambient temperature and -65oF.
However, satisfactory ballistic performance was only obtained at ambient
conditions.

3
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SF.CTION II

DESIGN DESCRIPTIONS

2.0 General.

The 25m plastic cased telescoped round of ammunition, the cartridge
case, the forward chamber seal, the plastic primer, the single shot test
fixtures and the ballistic performance goals are described in this section.

2.1 Telescoped Plastic Cased Ammunition.

The round configuration selected as a baseline was a GAU-7/A cartridge
because of the technological base established and demonstrated in the
GAU-7/A Program. The GAU-7/A cartridge was composed of a forward and an
aft charge of molded propellant, a nitrocellulose-mylar® projectile re-
tainer, a nitrocellulose outer shell, a combustible primer and a 3000-grain,
plastic banded projectile. The GAU-7/A cartridge is shown in Figure 1.
The plastic cased cartridge replaced the combustible outer shell with a
plastic material and the combustible primer with a conventional metal primer
as shown in Figure 2.

The dimensions of the GAU-7/A cartridge and the gun chamber were made
based on the conditions of a hot, moist cartridge and a chamber at -650F.
It was necessary that the cartridge chamber without damage. The maximum
outside diameter of the combustible case was limited to 1.59S inches. A
similar analysis with the plastic case indicated that the maximum diameter
could be increased by 0.020 inch and remain compatible with the GAU-7/A
chamber. This increase in diameter allowed a corresponding 0.020 inch
increase in the molded propellant charge diameters. The projectile tip
was positioned 0.1 inch from the forward end of the cartridge. This pro-
vided an aft charge length 0.2 inch greater than the GAU-7/A aft charge.
The increased dimensions of the charges resulted in a propellant charge
weight potential of 143 grams. This propellant weight resulted in a pro-
pellant charge-to-projectile mass ratio similar to the GAU-7/A ammunition.
The projectile was retained inside the cartridge with a composite washer
made from mylar ® and nitrocellulose paper or felt. The primer and booster
composition were contained in a caliber .32 pistol cartridge case that was
inserted in the head of the plastic cartridge case. Gun breech obturation
was provided by both the case and a plastic seal in the forward end of the
cartridge. The cartridge was crushed 0.050 inch in length during chambering
to minimize the annular spaces that exist at the chatber wall and to reduce
stress levels in the case that will occur from axial tension caused by bolt
deflection. The cartridge components are shown in Appendix A.

2.2 Plastic CartridgeCase.

The unusual uesigns of the ammunition and of the chambering and extrac-
tion features (,f the Rock Island Arsenal gun permitted a cartridge case
desigu (Figure 3) with a uniform wall thickness. As shown in Figure 4 the
molded propellant provided internal structural support and the telescoped

4
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projectile eliminated the cantilever loads normally encountered with con-

ventional cartridges.

The most severe structural environment for the cartridge case exists
in the Sun when the round fires. The body of the case must rapidly expand
to the chamber wall and provide a high pressure gas seal against the cham-
ber. With conventional ammuition, this expansion must take place before
the projectile has left the case mouth or leakage will occur. Substantial
shot start resistance must, therefore, be maintained between the projectile
and case-mouth, or the pressure in the cartridge may release the projectile
before scaling occurs at the chamber wall. Premature gas leakage will
erode the chamber, bolt face and possibly damage the receiver.

The expansion of the cartridge case must take place quickly (usually
less than one millisecond) under a rapidly rising impulsive load 4
(30,000,000 psi per second is a typical value for brass cased ammunition).
Irregularities, density variations, strength variations, or section changes
concentrate the strain in the affected areas and may cause failure of the
case wall or the head at the primer aperture. Whether or not a metal in-
sort to hold the primer is necessary depends on the firing pin interface,
the cartridge headspace, and the type of plastic in the case. Primer re-
tention fallures in plastic cases result from the low tensile strength and
modulus of the plastic, and from the low coefficient of friction between
plastic and the metal primer which provides an inadequate friction load to
hold the primer in place. If the headspace is too large, the primer may
blow out directly or the case head may crack starting at the primer hole.
These failures may be overcome either by providing a metal insert for the
primer area to accommodate primer staking and seating, or very close firing
pin support and minimum head space to minimize case head flexure and reduce
primer/case relative motion.

Both filled and unfilled thermoplastics were candidate case materials.
The glass filled materials have adequate mechanical properties other than
being generally limited in elongation to approximately five percent at
failure. Unfilled plastics have adequate elongation but inadequate tensile
strength. These properties directly affect the cartridge/chamber interface.

The chamber clearance problem is aggravated in automatic guns as a re-
sult of thermal expansion of the chamber and the necessary tolerances to
permit free working of the mechanism. The amount of clearance between case
and chamber is a much more critical factor with a plastic case than with a
metal case. This clearance largely determines whether or not failures will
occur in the case during firing. After firing, the case must be able to
quickly relax from the chamber wall to permit extraction. Too much clear-
ance permits too much yield in the case and causes interference with the
chamber when the pressure decays. Three suppositions intensify this condi.
tion when plastic cases are used. These are:

(a) Generally unfilled plastics display a large hysteresis
when unloaded rapidly. The material returns to an inter-

mediate state of deformation, relaxes and slowly creeps

• , ... - .9



back to an unloaded configuration. The rate of

return and the final configuration depends upon
the percent elongation and the elastic limit of
the material.

(b) Lower value of restoration force requires that the
chamber pressure must "blow down" to a lower value
before the case can begin to relax. This increases
its relaxation time.

(c) Hot gun chamber surfaces that result from heat conduction
through the receiver from hot gum barrels will soften
the outer surface of a plastic cartridge case, causing
partial adhesion of the case to the chamber if a car-
tridge case were left in the chamber after a long firing
burst.

Such considerations strongly favor the glass or graphite filled thermo-
plastics or the thermosets with their higher modulus, higher heat distortion
temperature, and lower thermal conductivity.

The material selected as the baseline for performance comparison was
. . .H.ls Nylon 12 with 33 percent glass fiber reinforcement. Each of the car-

tridges were injection molded by Irvine Plastic Inc., Downey, California.
A subcontract was awarded to DeBell and Richardson, Inc., Enfield,
Connecticut for designing and fabricating an injection mold for molding a
wide variety of plastic materials. The tooling was completed but contract
termination prevented its utilization. The materials planned for evaluation
included the following:

38% glass filled nylon 12 (Hils 1938)

50% glass reinforced nylon 12 (Thermofil® N9-5000 FG)

40% glass reinforced nylon 12 (Thermofil ® N9-4000 FG)

49% glass reinforced nylon 6/12 (Thermofill® N6-4900 FG)

43% glass reinforced nylon 6/12 (DuPont 77G43)

30% glass filled nylon 11 (Rilsan® ZM 30)

40 Shore D Hytrel ® (DuPont 4055)

55 Shore D Hytrel ® (DuPont 5525)

63 Shore D HytrelS (DuPont 6345)

Natural nylons 11, 12 and 6/12.

Note: For suppliers see Appendix B.

10
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A thermoset epoxy/glass fiber composite case shown in Figure S was also
evaluated. The cases were fabricated by filament winding technology de-
veloped at Brunswick's Lincoln, Nebraska plant. Tubes of the correct
diameter were fabricated three feet in length. Cases were machined from
each of the tubes. Steel heads and seals were bonded with Reichold's
Epotuf® 37-139 adhesive to each end of the case providing an assembly.

Both the injection molded thermoplastic and the epoxy/glass thermoset
cases were a minimum, reverse taper design to be compatible with a gun
extraction mechanism that functioned on either a push-out or push-through
principal. The push-out function ejects the cartridge from the same end
of the chamber as it was loaded and allows minimum wall taper to assist in
disengagement from the chamber wall and provide cartridge orientation for
component assembly. The push-through principal ejects the cartridge from
the opposite end of the chamber similar to that used in the GAU-7/A system
and requires a minimum or no taper in the case wall.

The tapered wall case for the push-out extraction principal has the
potential of fewer extraction difficulties. Provided the case wall is
sufficiently stiff, a portion of the extraction stroke could be used to
free a bound case from the chamber wall permitting relatively low extrac-
tion forces. The straight or minimum taper case, on the other hand, would
if bound, require high extraction forces throughout the complete extraction

cycle. These forces would result in buckling of the case wall or failure
of the case head. The filament wound configuration has no taper and will
be compatible only with the push-through principle.

In either system, the telescoped molded propellant configuration offers
a significant reduction in the loads the case must bear during misfire ex-
traction compared to conventional ammunition. Although the loads imposed
are high due to the additional weight of projectile and propellant, the
compressive strength of the molded propellant will reinforce the case,
eliminating all but local deformation.

2.2.1 Cartridge Head. The cartridge head was designed to support the
firing pressure across the breech-to-chamber interface and to maintain the
primer/ignitor integrity. The head exterior was a right circular cylinder
geometry with a flat bottom and a relatively sharp outer corner and a
0.060 radius on the inside at the junction of the head base and case side-
wall. The exterior was shaped to facilitate gun breech support. Discon-
tinuities, irregularities and changes in case head to wall thickness were
minimized to reduce localized strain and stress risers because the case
wall must move out to the chamber at firing. The wall is considerably less
stiff in hoop than is the head.

The effect of the gun interface is of critical importance in design.ilf,
,the head. The gun chamber and breech must provide as much support as

possible for the cartridge in this area. The location and width of the *l

breech to chamber parting line must be selected commensurate with other A
requirements to provide the minimum width gap for the case to span. Ths IF6parting line should be located and sized such that the minimum gap can 1.
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maintained under thermal growth of the gun and during receiver expansion
and elongation in firing. To the greatest extent possible, the gun breech
should provide line-of-contact support for the case head and the gun breech
firing pin gap should be inside the primer diameter. The Brunswick
Universal Gun and the Rock Island Arsenal Mann Barrel were designed with
these considerations in mind.

The filament wound cartridge case was tested initially with a metal
head, to be replaced with a molded glass reinforced thermoset head or an
injection molded thermoplastic head if initial tests warranted further in-
vestigation. In this assembly the body-to-head joint problem is partially
overcome by locating the joint in the case wall at an area of constant
cross section.

2.2.2 Ignitor Cartridge. The baseline cartridge concept utilized a
caliber .32 Smith 4 Wesson (S4W) long, rimmed, straight case to house the
ignitor and primer (Figure 6). This was necessary primarily to overcome
any primer retention problems in the initial stages while other areas of
the case and the cartridge ballistics were being evaluated. The primed
caliber .32 SOW cartridge case was housed by a relatively thin walled
shoulder in the plastic case head. The metal case was a light press fit
into this shoulder and seated flush with the head. The metal case was
retained and sealed at firing by gas preilsure expanding the SW cartridge
against the plastic shoulder. After the general behavior of the plastic
cartridge case in firing was ascertained, it was planned that the S&W
cartridge would be replaced with a molded plastic primer.

2.2.3 Case-Wall. The case wall must be of relatively constant cross
section to eliminate areas of high strain. Tapers were designed to be
small and gentle. Irregularities or discontinuities were avoided if at
all possible. A great deal of consideration was given to the phenomenon
of dynamic straining in designing the case wall. Theoretically, the case
wall should have a constant hoop and longitudinal stiffness throughout.
Any sudden change in the level of stiffness will concentrate the strain in
the weak area. Strains at firing may approach 100 percent at these dis-
continuities, resulting in failure. Discontinuities in injection molded
parts include poor weld lines, flow orientation and areas of reinforcing
fiber concentration. Assembly discontinuities include spin and ultrasonic
weld lines, bond joints, and attachment points.

With telescoped ammunition, where the propellant is located forward of
the projectile, the projectile begins moving before any significant gas
pressure is applied at the case mouth. The pressure is in the rear portioi

V of tht case near the head. Sealing is, therefore, failitated if the caqe
wall in this area is a minimum thickness. There'.ire, a small or zero tap•
in wall thickness is preferred. For these reasons the initial Brunswick
case concept utilized a nearly constant wall thickness.

s 2.2.4 Case Mouth/Forward Seal. The design of a successful forward

seal was anticipated to be critical in the development of a fully telescoped
plastic cased cartridge. The seal configurations evaluated are illustr-Ited

13
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in Figure 7 and the gun chamber interface is shown in Figure 8. Detailed
drawings are shown in Appendix A.

The forward seal must provide an initial low pressure seal against the
barrel face at shot start and a high pressure seal against the barrel face
and across the chamber/receiver parting line at peak chamber pressure. The
initial barrel face seal is necessary to prevent gas leakage at low pressure
since the use of pressure drop to achieve the high pressure seal is pre-
cluded.

There are two possible ways of achieving an initial barrel face seal.
The first method is to mechanically bring thi cartridge and the seal into
contact with the barrel face (crush-up). The second method is to utilize
the shot start cycle of the telescoped round to affect the seal. It is
known that the front propellant charge will move forward and bear with
considerable force against the forward end of the cartridge when the igni-
tor fires. This is due to load transmission through the projectile re-
tention system and the build-up of pressure in the rear propellant charge.
Once a barrel face seal is achieved, the build-up of chamber pressure can
be utilized to hold the forward seal against the barrel face.

There must be some relative longitudinal motion between the sealing
face of the forward seal and the cartridge case; the sealing face must
remain stationary against the barrel face while the case moves with the
elongation of the receiver. At the same time there must be no relative
radial movement between the seal and the case or ges leakage will occur
between the case and the radial sealing face. In addition, the longitudi-
nal movement of the seal must be restricted or it will become detached
from the case and fall out during extraction.

The forward seal may be placed outside (Figure 9) or inside (Figure 10)
the case mouth but must be mechanically attached in the longitudinal direc-
tion to the caso wall. To effect a radial seal, the junction between the
seal ard the case vll must be maintained under the forces exerted by the
rising chamber pressur. The configuration with the seal attached to the
outside of th• case requires trst• the case, when pressurized, carry the
seal to the chauher wall. The concit ,;!th the seal on the inside of the
cases requires that the beal carry the case L0 the zý:'-mber wall. Thic
mechanical movement requirvs that the seal material posse.b. ,hanical
properties that are similar to the case material. A stiff motal seal, for
example, would cause case failL?'P nt the seal junction. Metal seals were
not anticipated to be satisfactory but were evnluated for baseline compara..
tive purposes.

An alternate concept of seal positioning was evaluated. The mochai si
was based on the early portion of the shot start cycle utilizing tke io:'-
ward motion of the projectile to force the seal into position. The insLde
diameter of the seal was smaller than the outside diameter of the projec-
tile to ensure that an interference condition would exist when the pro.ec-
tile enters the barrel. The concept is illustrated in Figure 11.
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2.2.5 Primer. Two types of primers were planned for evaluation.
These consisted of the conventional metal (boxer type) and a plastic con-
cept based on the GAU-7/A combustible primer. The metal primer size was
controlled by the primer cavity in the Smith & Wesson ignitor case. The
primers that were available were the small pistol, small rifle and magnum
small rifle. The metal primer construction is characterized by a metal
cup containing a primary explosive mix and an anvil. The primer functions
by a pinching action imposed by a firing pin impacting the cap and forcing
it to squeeze the primer mix against the anvil. The primer mix ignites
under the impact force.

A plastic primer was designed for test evaluations. The primer con-
figuration was based on the combustible primer technology developed in
the GAU-7/A program. The primer functions similarly to the metal primer
by squeezing the primer mix in a confined space. The primer shown in
Figure 12 was composed of an outer cup, a split wedge firing pin tip, an
anvil, a cover and a small quantity (100 milligrams) of primer mix FA 1061.
The mix was located between the firing pin tip and an aperture in the outer
cup. The aperture functioned as a flash hole to control the direction of
the primer flash into the ignitor booster cavity. A plastic firing pin
tip, modeled after the GAU-7/A firing pin, was positioned in the cup to
provide a 0.050 k 0.010 inch standoff above the mix. The primer components
were machined from nylon 6/6 and Celcon® rod as shown in Figure 13. The
outer cup was dimensioned to fit into the aperture in the case head that
was provided for the caliber .32 Smith & Wesson cartridge. The assembly
is shown in Figtre 14.

2.3 Single Shot Fixture Design.

2.3.1 Brunswick Universal Fixture. The Brunswick Universal Test Fix-
ture is shown in Figure 15. The fixture consists of yoke shaped receiver
with threaded inserts at each end. The forward insert and the barrel
adaptor supports the barrel and the breech extender and the breech screw
provides movement of the breech to engage the chamber. The chamber is com-
pletely removed from the receiver to load a cartridge. The loaded chamber
is positioned in the receiver and aligned with the barrel and firing pin.
The breech screw is threaded forward to engage the chamber and exert a
compressive force against the barrel adaptor. The compressive load also
provides the desirsd crush-up of the cartridge case. The cartridge is
fired by a dynamic piston actuated hammer that impacts the firing pin. A
magnetic sensor recorded the impact of the primer. Piezometric pressure
transducers recorded the pressure-time profiles at specific locations in
the fixture. Pressures can be recorded at the breech face, mid-chamber,
in the barrel six inches from the entrance cone and one inch from the
muzzle. The interior ballistic data was recorded on each test and utilized
to characterize the effects of components and their interaction muzzle
velocity. For test data see Appendix C.

2.3.2 Rock Island Arsenal Mann Barrel. The single shot test fixturc
dcslgn selected for this evaluation was based on the sliding chamber sleeve
concept developed by Rock Island Arsenal (RIA) for the MICAWS 30 cartridge
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The fixture utilized the reverse taper of the cartridge for alignment with
the barrel, cartridge crush-up, and the obturation of the seal prior to
firing. The chamber/bolt interface is sealed by an automotive type valve
seat developed by GATX for a similar cartridge design under Contract No.
F08635-73-0-0003; AFATL-TR-73-220. The plastic case and the RIA gun pro-
vided a suitable test vehicle for the shot start studies planned. The
fixturo is shown in Figure ý6.

•: ~~~2.4 GAU-7/A Program_ Experience,, Ii

A review of the GAU-7/A ballistic performance results was conducted to
determine and establish the requirements for the plastic cased cartridge.
The problem areas encountered in the GAU-7/A program were; (i) humidity,
(ii) high and low temperature exposure, (iii) thermal growth of the gun,
and (iv) seal obturation,

The ballistic results of the GAU-7/A program indicated that the case-
less cartridge was compatible with the gun dynamic environment and, withthe environmental conditions and with limitations imposed on temperature
and humidity, could meet the performance objectives. A revised performanee
specification was suggested by Brunswick at the conclusion of the GAU-7/A
program with limitations on temperature and humidity as follows:

(a) Muzzle Velocity. The mean muzzle velocity shall be
4000 • •88 feet/second from 50OF to 900F. A minimum
of 65 percent of all rounds fired'shall be above the
minimum specified velocity as indicated in the para-
graph below for temperature variations.

(b) Chamber Pressure. The mean chamber pressure plus 3
standard deviations shall not exceed 75,000 psi,
except at temperatures between +100°F and +1600F
where the individual chamber pressure shall not
exceed 75,000 psi. Individual round pressures of
less than 40,000 psi may be excluded in determining
R and a, except below 700 F.

(c) Action Time. The mean action time shall be less than
14 milliseconds at any temperature and the individual
action time shall be less than 16 milliseconds at
temperatures greater than -40 0 F. For temperatures
above 800 F, the mean action time shall not exceed
10 milliseconds and the standard deviation shall not
exceed 1.5 milliseconds.

(d) Temperature. The ammunition shall be capable of opera-
tion during and after exposure to the following condi-
tions:

(1) Storage Temperature: -80OF to +160°F (protected
in shipping container)
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(2) Feed Bay Temperature: -65°F to +160°F
(24 hours continuous)

(3) Tunnel Temperature: -65°F to +160°F
(30 minutes continuous)

The ammunition muzzle velocity, after exposure to the
induced environment (temperature range -20°F to
+120 0 F), shall not be degraded more than 10 percent
from the low value specified in paragraph 2.4 (a).
MIL-STD-81OB, Method 501, Procedure I, and
MIL-STD-810B, Method 502, Procedure I shall apply.
No velocity degradation shall occur due to storage
in the shipping container. Between -20OF and -6S°F,
no individual round shall be below 2000 ft/sec. The
mean value for all rounds shall be above 2600 ft/sec.
Between 120OF and 160°F no individual round shall be
below 2500 ft/sec. The mean value for all rounds
shall be above 3000 ft/sec. Sixty-five percent of
all rounds will be above 3000 ft/sec.

(e) Humidity. The ammunition shall be capable of operation
during and after exposure to relative humidity condi-
tions. This excludes conditions wherein condensation
occurs in and on the equipment. MIL-STD-810B, Method
507, Procedure V applies, five cycles only.

The variabilities associated with the GAU-7/A ballistic
performance have been identified to be those factors
that affect the thermochemical properties of the pro-
pellant charges. These properties are related to the
ignition and combustion (reaction rate) processes that
control the interior ballistics of the telescoped car-
tridge, The portion of the ballistics that is the
most sensitive to these factors is the shot start
cycle. This cycle is a sequence of events that moves
the projectile to the barrel and ignites the propellant
charge, The sequence involves the interaction of several
rate dependent functions. These include the action of
the primer, the ignitor booster, the projectile retainer,
the projectile release, travel and barrel obturation,
band engraving, and propellant ignition. The factors
that have a significant effect on these functions are:

(1) Temperature

(2) I-Luiiidity

(3) Prcssure
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(4) Gun System Variables. These include chamber
seal leakage, barrel wear and growth and
chamber and receiver growth.

2.4.1 Temperature Effects. The temperature factor is the heating or
cooling of the cartridge which results from changes in environmental condi-
tions. The effect of changes in temperature is observed in rate control-
ling processes in the shot start sequence. These processes include the
function of the ignitor, the retainer, the engraving band, and propellant
ignition. Elevated temperatures (120oF to 1600F) accelerate the ignitor's
reaction rate, ignition, retainer release, and the projectile engraving
process. Low temperatures (-65°F to 200 F) retard these processes. The
control of these events is essential to controlling the projectile's travel
to the barrel. It is important that the projectile obturate the barrel
prior to propellant charge ignition (8000 psi) to prevent propellant from
entering the barrel ahead of the projectile. RetardisLq propellant ignition
at an elevated temperature but not a cold temperature is a major problem.

One adverse effect of elevated temperature (120cF to 1600F) on ballis-
tic performance is charhcterized as propellant blowby (PBB) and typically
results in lohw muzzle velocity (2000 fps), short action time (4.S ms), and
moderatly hJgh chamber pressures (45 kpsi).

Low temperature (20 0 F to -650F) produces entirely different ballistic
performance. The reduction of heat delays the ignition of the propellant
charge. The result can be an extended action time (14 msec), increased

* muzzle velocity (4100 fps), and increased chamber pressure (75 kpsi).

The effect of low engraving force band materials such as nylon has been
shown to induce an additional variation in performance at temperatures from
70oF to -65OF., This type band does not provide sufficient resistance to
projectile travel at engraving and the projectile continues into the barr(l1
The characteristic performance is a range in action times from 10 to 18
msec, low muzzle velocity (2000 fps), and low chamber pressure (20 kpai).

2.4.2 Humidity Effects. Moisture levels up to 2.5 percent in the pro-
pellant charges have been observed to be beneficial in stabilizing the com-
bustion process. The effect is believed to be catalytic and, in reactions
involving black powder, the moisture yields a more complete decomposition.
However, moisture levels greater than 2.5 percent are detrimental to balli-A
tic performance because the heat of vaporization becomes a controlling
factor in the ignition process. Additional energy and time are required to
evaporate the moisture and ignite the charge. The performance is similar
to the effect of low temperature except that hangfires and misfires can
result. The combined effect of humidity and low temperature further coiI)l
cates the problem, resulting in hangfires and misfires.

2.4.3 Pressure Effects. Pressure is not an environmental factor Inr
rather an internal factor that affects the shot start cycle. Pressure .'
the primary role of moving the projectile to the barrel. It also has a
secondary role in controlling the ignition of the propellant. The
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propellant combustion (reaction rate) is pressure dependent in addition to
being temperature dependent. Pressures in the range of 5 kpsi to 7 kpsi
are required to provide stable combustion. Factors in the cartridge and
gun that influence the rate of pressure rise will directly affect the
ballistic performance. The environmental factors of temperature and
humidity affect pressure rise rate through the control of the reaction
rate. The engraving band affects projectile travel which is related to
pressure control by determining internal free volume. The seals in the
GAU-7/A gun have been shown to affect performance by allowing ignition
gas to escape. The effect of gas leakage is normally observed as an
increase in action time (21 msec) accompanied by propellant blowby pro-
ducing low muzzle velocity (3000 fps) and low chamber pressure (35 kpsi).

2.4.4 Gun System Variations. Gun system related problems were also
observed in multishot burst firings. Ballistic performance variations
(increased action times) were recorded that were not observed in single
shot firings. The difficulties were identified as thermal effects induced
in the gun by the combustible ammunition. The problem areas were:

(a) Chamber and Receiver Growth. The thermal growth of the
chamber and receiver was calculated based on a mass
average temperature of approximately 9000 P. This
temperature was considered to be the highest that
would occur at the conclusion of a 1000-round burst
at full rate with air being forced down the hot
barrels. The chamber diameter was estimated to in-
crease from 1.615 inches to 1.625 inches and the
chamber length increased approximately 0.040 inch.
These changes in chamber dimensions were not antici-
pated to significantly affect the ballistic performance.
The significant dimensional change, however, was ob-
served to occur in the gap between the chamber and the
receiver. The thermal growth of the receiver was cal-
culated to yield a gap that was 0.040 inch Creater
than the nominal 0.020 inch gap at ambient temperature.
This increased gap affected the gun chamber seal obtu-
ration and the ballistic rerformance.

(b) Seal Leakage. Gun seals were incorporated at each end
of the chamber to obturate with the barrel at one end
of the chamber and with the receiver at the other end.
The seals were captured but could expand radially and
move longitudinally to the chamber. Seal motion and
closing depended entirely on pressure generated by the
combustible ammunition, A gas leak existed until the
local pressure reached 8000 psi. A seal requiring
8000 psi for complete obturation indicates that a
variable gas leak will exist for the duration of the
shot start cycle. The radial expansion o the seal
provided a gas seal in the seal cavity and the longi-
tudinal seal movement compensated for tolerance
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differences between gun chambers and the receiver.
The longitudinal distance the seal moved was a
function of chamber, receiver, and seal temperatures
as well as initial clearances due to tolerancing.
Because of significant differences in mass and heat
flux, the seal, chamber, and receiver did not heat
and expand in consonance with one another, and seal
performance varied correspondingly during a burst of
150 rounds.

The ignitor components of the shot start cycle will
tolerate small changes in leak rates but, because
their thermochemical properties are pressure depen-
dent, seals that fail to close have a significant
influence on ballistic performance. A leaking seal
will produce the category of performance known as
delayed ignition accompanied by propellant blowby
with action times up to and exceeding 21 milliseconds,

(c) Barrel Wear and Growth. The effect of barrel wear and
diametrical thermal expansion of the entrance cone
has a direct influence on the projectile engraving
properties. Variations in the projectile position
will affect the free volume and the propellant igni-
tion process. Barrel wear and growth will result in
increased and variable action time (8 to 14 msec),
decreased and variable muzzle velocity (3500 fps to
2500 fps) accompanied by variable chamber pressures
(45 kpsi to 25 kpsi). The magnitude of the performance
degradation will depend on the engraving loads which
in turn depend on the geometry and material of the ro-
tating band and the barrel's internal geometry. Varia-
tions due to thermal growth will be more significant
in rapid firing gun systems.
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SECTION III

DEVELOPMENTAL TESTING

3.1 Background.

The results of the GAU-7/A Phase IV ammunition development program
identified the major problem areas associated with the ballistic perfor..
mance. These areas were the environmental conditions of humidity at the
temperature extremes of -65°F and 160 °F and the multishot gun variables
associated with thermal growth and leaking chamber seals. It was believed
that solutions to these problems could be achieved through design changes
in both the cartridge and the gun.

The replacement of the GAU-7/A combustible case with a plastic case
eliminates a temperature and humidity sensitive component from the shot
start cycle. The plastic case will not provide a moisture-proof cartridge
but resistance to the humidity environment will be improved. The plastic
case will reduce thermal heating of the chamber that will result in closer
dimensLonal tolerances which will improve the chamber/barrel seal interface
significantly. The replacement of the combustible primer with a conven-
tional metal primer will eliminate the need for firing pin seals and pre-
vent pin tip erosion, The metal flash tube that supports the primer and
houses the ignitor charge will provide directional control of the ignitor
gases that was not possible in the GAU-7/A cartridge.

The incorporation of a chamber seal in the cartridge ensures that the
gas seal at the chamber/barrel interface is positioned prior to firing.
The ability to seal the chamber independently of pressure eliminates the
most significant GAU-7/A gun variable, The cartridge seal provides chamber
obturation similar to the technique utilized in conventional cased ammuni-
tion. The elimination of the variable seal leakage rate will permit shot
start i3tudies to be conducted under more controlled conditions.

3.2 Development Test Plan.

Tho test plan was directed at establishing the cartridge configuration
for tho 2500 rounds of deliverable ammunition. The specific areas to be
evaluated were the ignition (booster) charge, the molded propellant charge,
the cartridge case material, and the cartridge seal design configuration
and material. Five hundred Mann barrel tests were planned to observe the
effect, of temperature, humidity, propellant and hazard envirolmental ex-
posure on the ballis-tic performance of the cartridge. The baseline car-
tridge configuration selected for these studies consisted of the forward
charge; aft charge and a nitrocellulose retainer. The component changes
were minimized to keep the number of variables as small as possible. The
component variables that were permitted to change were (i) the propellant
relative quickness and charge weight, (Hi) the booster composition, (iii)
granulation, and charge weight, (iv) the primer type, (v) the cartridge
case material, and (vi) the cartridge seal configuration and material.
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3.3 Component Evaluations.

3.3.1 Propellant Charge. The propellant charges evaluated were
fabricated from GAU-7/A propellant lots 5479, 5473, 5472, 5463, and 5440
from Canadian Industries Limited (CI,) and 8446-9 and 8472-1 from E. I.
duPont de Nemours and Co., Inc. The relative quickness (RQ) of these
lots ranged from 90 percent to 104 percent of the GAU-7/A standard pro-
pellant, CIL lot 5425. The propellant charge weights ranged from 126 grams

to 143 grams, The average aft charge weight was 45 grams for all the tests.

Ballistic tests (See Appendix C, Test Serial Nos. 1, 2, 3, 4, 8, 9,
and 10 (S5 rounds]) were utilized to establish the propellant charge re-
quirements. The test series resulted in a complete spectrum of ballistic
performance from high pressure stop mode to low pressure blowby behavior.
Stop mode behavior is defined as occurring when a rapid ignitor propels
the projectile disproportionately faster than it ignites the propellant,
causing the engraving resistance of the barrel to stop the projectile
momentarily until a pressure rise created by further flame speed can again
accelerate the projectile. Low pressure blowby is a condition of under-
ignition which accelerates the projectile so slowly that gas reaches the
barrel ahead of the projectile. The results of the tests indicated that
several combinations of charge RQ and weight would meet the GAU-7/A per-
formance specification at ambient conditions. For example, the ballistic
performance of a 104 RQ charge at a weight of 126 grams was similar to the
performance of a 95 RQ charge at a 136-gram weight. The significant dif-
ferences were observed in the ballistic action times, with the shorter
time (4.5 to 6.5 ms) associated with the 104 RQ propellant. The occurrence
of blowby perfornmance was observed to be 60 percent greater with the 104 RQ
propellant than with the lower RQ propellant. GAU-7/A experience demon-
strated that increased cycle times occurred at low temperatures with low
RQ propellant and that increased muzzle velocity variations would result
at elevated temperatures with high RQ propellant. A compromise charge wae
selected to assure as wide an operational temperature range as possible.
The baseline propellant charge was established to have a relative quickness
at 98 t 2 percent and an average charge weight of 130 t 2 grams. The

anticipated GAU-7/A performance goal could be achieved but action times
would range from 7 to 10 milliseconds. the results of the ten best tests
utilizing baseline components are shown in Table 2.

TABLE 2 - TEN BEST TEST RESULTS

Chamber Muzzle Muzzle Actioi.
Pressure Pressure Velocity Time

(KPSI) (KPSI) (FPS) (MS)

S5 7.0 3890

.53 0.9 140 1.7

A typical pressure-time record is shown in Figure 17.
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Figure 17. Computer Print-Out of Pressure Versus Time Record
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3.3.2 Ignitor. The ignitor compositions selected for evaluation were
based on their performance in the GAU-7/A program and recommended for
continued evaluation. These materials included black powder Class 3 and
Class 6; Flare Northern's Titanium-barium nitrate; and McCormick Selphs'
compositions 300432 and 300439. The charge weights of each material
could range from 0.1 gran, to 1.5 grams depending upon the granulation
and purposes of the ballistic test. Vendors are listed in Appendix B.

Ballistic tests (See Appendix C, Test Serial Nos. 1, 2, 3, 4, S, and
15 [44 rounds]) were conducted to establish the baseline ignitor., The
energetic ignitors that were successful in the GAU-7/A program did not
perform successfully because of the absence of the gun seal leak. These
ignitors were represented by the Flare Northern and the McCormick Selph
materials. Test results demonstrated that the cartridge was less sensi-
tive to small changes (0.05 gram) in ignitor charge weight when blark
powder was ad. The baseline ignitor charge weight selected was
0.75 t 0.05 gram of Class 3 black powder.

3.3.3 Primer.

3.3.3.1 Plastic Pimer. The development of the plastic primer was
limited to ball drop b,,sitivity test evaluations because the Brunswick
Universal Test Fixture was not capable of delivering the required impact
energy and the Rock Island Gun was not fabricated at that time in the pro-
gram.

A standard ball drop test apparatus was used to evaluate primer designs
and determine the initiation energy. An illustration of the ball and the
primer simple test tool is shown in Figure 18. The ball drop plastic
primer test hardware dimensions are shown in Figure 19. The primer cemlo-
nents were designed for ease of manufacture and for convenience in evaliat-

ing the critical variables associated with initiation energy, primer mix
composition thickness and cup dimensions. No attempt was made to ret',in
the firing pin or to recess the primer in the case. The results of the
evaluation demonstrated that a plastic primer would withstand the pricvr
mix explosion and provide directional control of the output jet of gas.
The initial energy was shown to be derendent on the anvil hardness, mix
thickness, and firing pin travel distance. The anvil material selected
was nylon 6/12, 43 percent glass, the primer mix thickness was 0.010 inch
to 0.025 inch, and the firing pin tip minimum standoff was determined to
be O.0SO inch. The plastic primer demonstrated that the initiation encr;.,y
at ambient conditions was 250 inch-ounces. A minimum hardness value for
the anvil and pin tip were selected at a Shore D of 84.

3.3.3.2 Metal Primer. The initial gun firing tes were conduct>(
with caliber .32 Smith and Wesson brass cartridges. These caitridges c,.n-
tained pistol primers. The gun tests showed repeated occurrcnce:- (,f To nicr
cap perforation. To eliminate the hole in the cap, small r 1'fle llriviei:
were evaluated. Two energy levels were selected - the stil ;-d '-mall ,'lo
primer and the magnum small rifle primer. Both rifle priers weie mai•u
factured by Cascade Cartridge, Inc. (CCI) and were identified as No. A0t
and No. 450 M, respectively.
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Figure 18. Plastic Primer Configuration Study
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Fifteen rounds (See Appendix C, Test Serial No. 19) were tested to
compare the performances of the two types of rifle primers with the pistol
primer. The results of the tests indicated that there was no significant
difference between the pistol and the small rifle primers. Increased per-
formance variability was observed with the magnum primer. Based on these
results, the small rifle primer was selected for the baseline cartridge
and used in all subsequent tests.

46

3.3.4 Cartridge Case. Four cartridge case material formulations were
evaluated in the ballistic environment. Three materials were injection
molded from 33 percent glass filled nylon 12 (Huls 1938) and 43 percent
glass reinforced nylon 6/12 (DuPont 77G43). The fourth material was an
epoxy glass filament thermoset. The case materials were evaluated con-
currently with the studies to establish the propellant charge, the ignitor,
the primer and the seal. The results of 133 cases evaluated at ambient
conditions and 30 cases at -65OF can be found in Appendix C, Test Serial
Numbers 1 thru 19, inclusive.

The results of the ballistic test evaluations indicated that the DuPont
77G43 cases had a greater tendency to fail by cracking than did the Huls
material. A typical case failure is shown in Figure 20. The crack can be
observed to proceed across the case head and longitudinally down the case
side wall. The charred white areas adjacent to the crack represent the gas
flow path. The gas flow was restricted to the vicinity of the crack be-
cause the remaining surface of the case obturated the gun chamber. The
impression observed in the case head was a result of the plugged breech
pressure aperture. The case did not fail at this point.

The mechanism of the case failure was determined by cross sectioning
several of the failed cases. The crack was observed to originate at loca-
tion "A" at the interface between the caliber .32 Smith and Wesson (SAW)
cartridge and the open end of the shoulder supporting the cartridge in the
case head. The failure is shown pictorially in Figure 21. It should be
noted that the expanded portion of the S&W cartridge secures the cartridge
to the plastic case to prevent separation after firing. The figure also
shows the extension of the plastic shoulder past the thick portion of the
S&W cartridge head.

Am improved design of the plastic case head (shown in Figure 22) would
limit the plastic shoulder interface and still provide the lock-in feature
desired. This modification was not evaluated but the concept is recommended
for a re-evaluation of the DuPont 77G43 case material. It is believed that
the DuPont cases will be compatible with the ballistic environment with
this design modification.

Cartridge cases (See Appendix C, Test Srial Nos. 1, 2, 3, 4, S, 10,
11, 12, 15, 16, 17, 18, and 19) made from Huls 1933 and 1938 materials
were demonstrated to respond satisfactorily to the ballistic environment
at ambient temperature and at -65*F. Several cases were exposed to peak
chamber pressures in excess of 100,000 psi. No cracks were observed in
any of the tests and each of the cases was extracted without difficulty
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IMPROVED

Figure 22. Ignitor/Case Interface Modification

41



~:1

from the gun chamber. Cases of each material were evaluated in the uni-
versal test fixture. Typical Hils 1938 cases before and after ballistic

exposure are shown in Figures 23 and 24, respectively. The cartridge
cuse behavior in Figure 24 was typical for peak chamber pressures up to
8G,000 psi. Peak pressures in excess of 80,000 psi would result in plastic
flow of the seal into the gap at the chamber/barrel interface as shown in
Figure 25. The H'1ls 1938 material was demonstrated to be compatible with
the ballistic environment at -65OF as shown in Figure 26. Based on the
results of these evaluations and the supply of the raw resin material,
HUls 1938 was selected as the case material for the delivery ammunition.

Cartridge case crush-up experiments were conducted to evaluate the
effect on case performance. Cartridges were fabricated to chamber length
(6.055 inches) and in 0.025 inch increments longer than the chamber up to
0.1 inch. The cartridges were placed in the universal test fixture and
crushed by threading in the breech until the breech engaged the chamber.
The cartridges were fired and the cases extracted for examination. The

Scases that were 0.075 to 0.1 inch longer than the chamber cracked at the
base corner during crush-up. The crack provided a gas leak in the ballis-
tic cycle that resulted in a burn on the chamber face and charring of the
outer surfaces of the case (Figure 27). The cartridges that were chamber
length did not obturate at the forward end and combustion gases charred
the exterior of the case and eroded the seal (Figure 28). Satisfactory
chamber obturation was achieved with crush-up distances of between 0.025
inch and 0.050 inch. The crush-up distance selected for the baseline
cartridge was 0.040 1 0.010 inch.

Limited testing was performed with the epoxy/glass cases shown in
p'!, Figure 29. The ballistic performance data was very uniform but extraction

from the gun was complicated by the over-stressed steel head and seal. The
thermoset material appeared to function without damage. The tests were dis-
qualified because of the gas leak at the head/case and seal/case interfaces.
The cases were fabricated to be chamber length (6.055 inches). There was
no crush-up force exerted on the cartridge. The Average of two ballistic
performance tests results are shown below:

Chamber Muzzle Muzzle Cycle
Pressure Pressure Velocity Time
JKPSI) _(KPSI). (FPS) (MS)

48 6.2 3529 4.8

Thu uniform ballistic performance was determined to be the result of
the projectile impacting the metal seal and simulating the high engraving
loads normally observed with copper banded projectiles, The abrupt de-
celer;A.ion of the projectile is normally sufficient to trigger the pro-
pellant ignition and the subsequent events that evolve into a desirable
ballistic cycle.
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Figure 23. 1161s 1938 CssBefore Firing
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Figure 24. Fluls 1938 Case After Firing
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Figure 25. i-iiis 1938 After Exposure to 100,000+ psi
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Figure 26. H~ls 1938 Case After Exposure to S3,000 psi at -6501'
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Figure 17. Hulq1 1938 Case 0. 1 Inch Crush-up
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3.3.S Chamber Seals. The chamber seal inv'stigation origirnted with
metal seals made from steel and brass. B'allistic performance with tho
seals demonstrated significant improvement and reduced variation when com-
pared to tests without seals or where seals failed to obturate the chamber.
'The ballistic results of tests with and without seals are shown in Figure
30. The performance is compared to GAU--7/A lot acceptance data.

The two seal tests shown wore made with identical charge components.
'rho only difference was with chamber seal. The parameters Lhat reflected
the seal performance were muzzle velocity and the variation in velocity.
The reduction in ballistic action time from 5.3 to 4.5 nwilliseconds was
the result of an over-ignition condition that existed as a result of a
sudden reduction in the rate of volume increase when the projectile im-
pacted the seal. The deformation is shown in Figure 31 with a brass
washer seal. The seal configuration before the test is shown adjacent to
the cartridge. In all tests of this type the projectile was damaged and
the rotating band was torn away on one side. In addition to the damage
to the projectiles, the metal seals were difficult to bond to the cases
aind the cases failed at the seal interface because of the large differences
in mechanical properties between the two materials.

It was determined that pl~stic seals with mechanical properties that
were similar to the case material would be desirable candldates as sub-
stitutes for the metal seals. Several plastic materials were selected
for evaluation. The materials were machined from solid rod or flat sheets
into three geometric shapes, The cross section selected was in the form
of a triangle as shown in Figure 32 and in Appendix A.

The materials selected were cast nylon, acetal copolymer (Celanese
Celcon@), nylon 6/6 (DuPont Zytel@ 151) , 43 percent glass reinforced
nylon 6/12 (DuPont Zytel® 77G43), acrylonltrile-butadiene-styrene (Borg-

Warner, Cycopac) -and a polyamide-imide (Amoco, Torlon@ 1203). The
nylon.seals were solvent bonded to the nylon case with m-cresol containing
ten percent by weight Zytel ® 77643 resin. The non-nylon seals were adhe-
sive bonded with Pliobond® 20. The cartridge cases were evaluated with
a 0.050 inch crush-up. The cartridges were fired and the cases were re-
.moved from the gun for examination. The seals that were made from nylon
and bonded to the case with m-cresol were superior to the other material
candidates. Seals failed as a result of wpak bond (Figure 33) joints,
configuration, or material properties. The cast nylon seals were eroded
by the combustion gas and could not be examined. The acetal was also
eroded and gave evidence of an early gas leak by the charred case (Figure
28). The section of the seal remaining was thermally welded to tho case.
The ABS and the polyamide-imide seal obturated the chamber satisfactorily
but the seal was not bonded to the ca-se subsequent to the firing and the
seal failed. Ten percent of the Zytel0 77G43 seals cracked due to in-
sufficient elongation (Figure .34). The Zytel® 151 seal was satisfactory
in all tests and was selected for the baseline cartridge. The trinngle
seal geometry was demonstrated to be most compatible to the lallistic
environment and that configuration %as selected for the-deliver), anmmuni-
tion.

SO
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NO SEAL
C.homber Muzzle Muzzle Action
Premure Pressure Velocity Time

,,(KSI ) (VPSI) JFPS) (PAS
10 X 46,3 I4.9 3176 5,3

C" 5.3 0.7 240 0,4

METAL SEAL

556 5ý0 3485 53. .a aLs 1.0 48 0,5

GAU-7/A

150 X 60.1 7.0 3897 7.5
a 0.2 0.9 132 1.2

F}igure 30. Bal I ist:ic Performance
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The interference seal/projectile concept was evaluatted hecau.,;c of thpmetal seal ballistic results. Celcon 0 was selected for this evaluationbecause of its high impact toughnesis. The seal failed to ohturnte In thteearly part of the ballistic cycle becauIse of a poor caso bond and thetests were inconclusive. A repeat study' is recommnended with a nylon ma- Atorial.

3.3.6 Cartridge Closure. A 3N1 Cumpany Ioiot elh luiidpoyethylene terephtha late-.polyethyiene Limfnnated fllm(Scotch-Pak 0 20) was6valuated as a closure with the cartridges subJected 'to -650P. The un-supported portion of the closure became concavO during the cold exposure,indicat~ing a reduced pressure was niaintnained ;1niid# thle case. 'rho closuredid not appear to interfere with the ballistic porformanqe and4 no debriswas observed downrange. This material was s'elected in u 3.5-mil thickness
for the delivery ammunition.
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SECTION IV

CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions.

(a) The feasibility of a plastic cartridge case utilizing molded
propellants and a telescoped projectile has been demon-
strated successfully at ambient conditions and at -650P.

(b) Experimental Investigations have shown that the cartridge case
will withstand peak chamber pressures greater than 100,000
psi and extract from the Sun chamber without difficulty.

(c) The feasibility of an all plastic primer has been demonstrated.

(d) The chamber seal has been observed to have a significant effect
on ballisticperformance and a compatible plastic seal has
been demonstrated successfully at peak chamber pressures up
to 80,000 psi.

(e) The manufacturing feasibility of a zero draft, injection molded
case has been demonstrated successfully.

(f) The plastic case provides the potential to minimize the ballis-

tic performance deficiencies of the GAU-7/A program.

(g) The feasibility of a push-through or push-out cartridge casr

ejection has been successfully demonstrated in a single shot
fixture.

(h) The cartridge case and seal materials that were demonstrated
to be most compatible to the ballistic environment were
Huls® 38 percent glass filled nylon 12 and DuPont Zytel @
151 (nylon 6/6).

4.2 Recommendations For Follow-on-Work.

(a) Ballistic development of the shot start cycle to minimize the
temperature dependence of the ammunition.

(b) Establish the cartridge configuration to comply with the
GAU-7/A performance requirements.

(c) Determine, by test, the ballistic performance over the tciwir.- rn
ture range of -65F to 1600F.
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(d) Develop an automatic test fixture to provide multishot
environments.

(e) Demonstrate plastic case compatibility to feed, fire and
extract from a rapid fire fixture. ..

If) Determine the maximum rate of fire that is feasible for the
zero draft plastic cartridge.

()Re-evaluate DuPont's Glass Reinfoced Nylon 6/12 cartridge
Icases with the improved ignitor interface design,.

YiI
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APPENDIX A

25m PLASTIC CARTRIDGE ASSEMBLY AND A/AF 25mm ASSEMBLY (GUN) DRAWINGS

Figure Title

A-i 25mm Plastic Cartridge Assembly

A-2 25mm GAU-7/A Projectile (3000 Grain, Plastic Band)
A-3 Projectile 25mm (TP) Plastic Band
A-4 25mm Plastic Case
A-5 Projectile Retainer
A-6 Molded Propellant Charges
A-7 25mm Plastic Case Seal, Model A
A-4 25mm Plastic Case Seal, Model B
A-9 25= Plastic Case Seal, Model C
A-10 A/AF 2Smm Assembly
A-11 Barrel, 73P40044MP
A-12 Pin, Firing, 74B40221
A-13 Striker, 74C40222
A-14 Bolt, 74D40223
A-IS Chamber, 74D40224
A-16 Bill, Bottom, 74C4022S
A-17 Bill, Top, 74C40226
A-1 Spring, Helical, 74B40239
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Figure A-2. 2-Sim GAU-7/A Projectile (3000 Grain, Plastic Band)
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11000
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1:814~ 3

.010 010

IWEIGtff: 3=0 1-50 GRAINS.

2 PROJECTIL.E INTERIOR-AND EXTERIOR $H~ALL BE FREE
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Figure A-4. 25MnM Plastic Case
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Figure A-S. Projectile Retainer
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Figure A-6. Molded Propellant ChargeS A
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Figure A-7. 25mm Plastic Case Seal, Model A
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Figure A-8. 25mm Platstic Case Seail, Model B
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Figure A-9. 25mm Phr'Stic Care Seal, Model C
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APPENDIX B

SUPPLIERS

, No. Supplier Product

1. Flare Northern Titanium-barium Nitrate
19701 West Goodvale Road
Saugus, Calif. 91350

2. Teledyne McCormick Selphs Compositions 300432 and 300439
3601 Union Road
Hollister, Calif. 95023

3. Smith and Wesson Caliber .32 cartridges
2100 Roosevelt Ave.
P.' 0. Box 2208
Springfield, Mass. 01101

4. Cascade Cartridge Inc. Rifle primers Nos. 400 and 450M
Lewiston, Idaho 83501

5. DuPont Company Zytel® 151, Zytelf® 77G43,
Room 24094 Hytrel ® 4055, Hytrel ) 5525,
Wilmington, Del. 19898 Hytrel® 6435, Nylons 11, 12 and 6/12

6. Hails 1938 (38% glass filled nylon)
Liquid Nitrogen Processors
Birdsboro, Penn.

7. Brunswick (orporation Epoxy-glass fiber cartridge cases•:- 4300 Industrial Ave.

Lincoln, Nebr. 68504

8. Borg-Warner Chemicals Cycopac® and a polyamide-imide
International Center
Parkersburg, W. Va. 26101

9. AMOCO Chemicals Corp. Torlon®0 4203
200 E. Randolph Dr.
Chicago, Ill. 60601

10. Celanese Plastics Co. CelconO
550 Broad St.Newark, N.J. 07102

11. 3M Company Aluminized polyethylcne tcrepht 1 Irte-
3M Center polyethylene laminated film (Sco ,:1h-
St. Paul, Minn. 55101 Pak® - 20)
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APPENDIX B

SUPPLIERS (CONTINUED)

No. Supplier 
Product

12. Philco-Ford Corporation Projectiles
Ford Road
Newport Beach, Calif.

13. Rilsan Corporation ZM 30 (30% glass filled nylon 11)
139 Harristown Road
Glen Rock, N.J. 07452

14. Thermofil Inc. N9-5000 FG (SO% glass nylon 12)884 Railroad St. N9-4000 FG (40% glass nylon 12)Ypsilanti, Mich. 48197 N6-4900 FG (49% glass nylon 6/12)
I5. Reichold Chemicals Inc. Epotuf® 37-139 adhesive525 N. Broadway

White Plains, N.Y. 10602
1i,. Irvine Plastics, Inc. Cartridge Case5 (Prototype)

9815 Everest St.
Downey, Calif.

D. UeBell and Richardson Cartridge Case Mold
Enfield, Conn.

8

*1

80 
.si

hr I b ,~~ p~ frL ,,k~ W.S ~ ~ ~ I I~ I~~1I A~ I 
j



APPENDIX C

TEST REPORTS

Test Title

Serial No. I Observe compatibility of Nylon 12, 30 percent glass
case with the IITRI gun.

Serial No. 2 Observe the effect of steel support rings on case
response to the ballistic cycle.-

Serial No. 3 Evaluate Class 3 black powder as an ignitor candidate.

Serial No. 4 Evaluate Class, 6 black powder as an ignitor candidate.

Serial No. S Evaluate ignitor TMS 300432 and the effect of brass
seals on ballistic performance.

Serial No. 6 Evaluate an epoxy/glass filament wound cartridge case.

Serial No. 7 Evaluate Celcon® (Acetal) as a seal material candidate.

Serial No. 8 Observe the effect of the interface seal concept on
ballistic performance.

Serial No. 9 Evaluate Zytel4® (DuPont Nylon 6/12) as a seal material
candidate.

Serial No. 10 Evaluate Torlon@ (AMOCO polyamide-imide) as a candidate
seal material.

Serial No. 11 Observe the effect of an interface forward seal on
ballistic performance.

Serial No. 12 Evaluate the effect of aft charge surface deterrant on
ballistic performance.

Serial No. 15 Select a baseline black powder for surface deterred
aft charges.

Serial No. 16 Observe the effect of deterred aft charges and different
forward charges on ballistic performance.

Serial No. 17 Observe the effect of deterred 5479 aft charges and
different forward charges on ballistic performance.

Serial No. 18 Compare the computer data acquisition system to the
tape deck/visicorder.

Serial No. 19 Effect of different primers, plain pistol versus smal1
rifle and small rifle magnum.

81l n



TEST REPORT

SERIAL NO. I

OBJECTIVE: To observe the compatibility of the Nylon 12, 30 percent
glass case with the IITRI gun.

BACKGROUND: The I ITRI single shot test fixture was selected for preliminary
evaluation of the zero draft cartridge case. The fixture
chamber diameter was 0.003 to 0.005 Inch larger than desired
end the aft "'D" ring seal was badly eroded. The fixture,
however, was suitable for preliminary test evaluations. The
Ignitor material selected was the Teledyne McCormick Selph
composition that demonstrated Improved performance witm GAU-7
over the temperature range,
Fivo rounds were assembled with:

Forward Charge; 5473 propellant
Aft Charge. 5440 propellant
Retention: 40 mll NC,+ 10 mil mylar
Ignitor: TMS 432
Primer: 32 S&W
Cases: Nylon 12, 30 percent glass

BALLISTIC
DATA: IT II M ,. 1-12 MAX 0a3 iiA;. VL'LOCITY MI:E

UG D•= m = = m ------------• -- = =------------ ------- =------

• .2 j'3 TO LJ2 29)PI
I SI To LS52 293$

1 0 .•M D ,40--? 3

/47.7 9999 •.2 3 1W 5..J.40.15 IYJ TO L52 30218
uS51 TO L52• 3247

44i p 9o9b) .ll oe t T ,, 5 t h94
.0-1; '-3 TO L52 JOU,)

1.i1 TO L5i2 3097

5 I •6 99'9v. , 3ji(. 7.,Ji

DISCUSSION: The ballistic performance Indicated overignltlon and resulted

I n propellent blowby In all but one test. The No. 5 test had

satl4factory performance with only slight biowby. The
percentage of blowby Increased as the Ignltor charge weight
Increased from 0.1 to 0.2 graw. A round design based thatIs this sensitive to ignitor weight Is not desirable.
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The cartrldqe cases all cracked at the base. The cracks
appeared trog'lglnate at the Ignitor aperture and propagate
along the weld lines In the base. The number of weld lines
affected varied from one to all three. Each of the cases
showed a pin hole in the sidewall approximately 1/4-Inch
forward of the bale, This hole was in lIne with the erosion
path In the aft gun seal. A separation of the case sldewall
was observed to originate at the pin hole and propagate
forward, The cases ware AlI extracted from the chamber
without difficulty. Blind pressure apertures In the chamber
showed evidence of plastic flow Into recessed areas,
Examination of the exterior of thi cases showed good evidence
of obturatlon with the chamber. The mldchamber pressure
aperture and the areas of case failure wire surrounded by
uncharred nylon.

CONCLUSIONi The 432 Ignitor Indicated over-ignition blowby performance
at relatively low charge weights under 0.2 gram. Continued
Investigation Is recommended because of the ballistic
Insensitivity of the material. The 137 gram propellant
charge indlcates that the performance goal of 4000 feet per
second Is possible to attain.

The leaking gun chamber seal was believed to be the cause of
the cartridge case failures. A chamber diameter of 1.615
Inch is recommended for the universal gun. The Incorporation
of metal ring seals on each end of the case Is recommended as
an old In chamber obturation to prevent case fellure.

Satisfactory extraction of the minimum tapered case demonstrated
concept feasibility.

• . .' .... P . • , k : , , ., , . . . . ; . ., . . 6 W
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25MM PLASTIC CASE

AMMUNITION DEVELOPMENTENR

OBJECTIVE:-F? 7b WB6 -Che "IM Q.0 1.AW! Of r~- CAVIL W uv14

Test Fixturei UNVRALBA = A 404W.0d~ 34 4404we'g.
Cartridge Case: Dwg. No. C2 Rev. me ti .A4""' At/.4"

DgDwg. No._____ Rev. DMat'l_____
Projecti let: w No. 3003TY71 ev-. ADPleTFirc'nd, 3000 Grain,
Primer: Type 34,. Lot No.~ o,
Flash Tube ~~Fpca
Prjetilea Retention: I I. Mylar, Nil

Propellasnt: Fwd Carge Lot No
Aft Chrg Lot 10

InetLot No._________

'V. ~~~~~~~REMARKS:____________________________________

PROPELLANT WT (GRAAs) TOTAL PROP. WT IGNITOR VWT

ROUND -GIT1

NO. FWD "AT INER (GAS

/t ~?2J 3 -/7/- l

92 .ff. 37* -- ILIC, 60If

/0 d~C 37.*4- - 3J

FORM NO. SG-555-81
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SAM4PLES FOR LABORATORY EVAL',,f ION

ect or Charge No. 6Dt ~£

Material Description:

Lot No. - , Batch No.

Vendor D flate Identification

Tests Roqui red:

Submitted By
Report ota To j ".1k C.-=.•

Analytical Results:

013u 1 .1 '7 1,03

Ar" 1,416- .34. . .,0

I,-

Analyst Approved

________________ Date

QCF-06-01

LATA UJATION OPY

88
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TEST REPORT

SERIAL NO. 2

OBJECTIVE: To observe the effect of steel support rings on case response
to the ballistic cycle.

*REFERENCE: S/N I

BACKGROUND: The test results from series No. I Indicated that the space
between the case and the chamber was sufficient to cause the
case to crack. The space was estimated to be 0.015 Inch.
The Incorporation of steel support rings at each end of the 411
case was made to strengthen the case In these areas.

Five rounds were assembled with:

Forward Chargae 5$73 propellant
Aft Charge: 8446-9 propellant
Ignltor: 432, 439, TON"
Retention: 40/10 - NC/mylar
Primer 32 SSW
Casie Nylon 12, 30 percent glass with

support rlngt at each end.

BALLISTIC
DATA: Ballistic data was not obtained on four tests because of

computer difficulties and an action time longer then 50
milliseconds. One test with 0.AS gram of Ignitor 432 Is
shown below:

'ltl MAX P1 MIAX P3 MAX VELOCITY TIME

";IUND :JO-- g al-4 3b86 28aO 5,46

3.42

LSI TO) LS .' 245 6
,- TO LýhO LU5I

DISCUSSION: The titanium barium nitrate (TON) Ignitor produced the long
action time. The TIN was a suitable Ignitor In the GAU-7
program but was Identified to be low In gas evolution.
Examination of the spent case revealed that the brass S$W
Ignitor tube was melted, This behavior Indicates that the
TON Ignited but that It did not communicate to the base
propellant effectively. The audible output and the muzzle
flash of the round containing Ignitor 439 was satisfactory
and would be associated with acceptable performance. The
round with Ignitor .32 produced bilbby performance as
recorded and observed with the muzzle flash.

8!)
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The cartridge cases were removed from the chamber easily
but In two pieces. The cases each failed at the circum-
ferentIal Intersection of the steel ring and the case side-
wall. The case bases remained Intact and the case side-
walls did not crack longitudinally. The exterior surface
of each case showed the exposure to combustion gases and
there was no evidence of obturation. This Indicates that
the cases failed very early In the ballistic cycle. The
strength of the steel rings did provide the support In
the base but not in the sidewall.

CONCLUSION, The IITKI test fixture chamber diameter of 1,618 to ,.620 10
Inch was greater then could be tolerated with the 1.607 to
1.600 Inch diameter cartridge case without suitable reln-
forcement at the case base, It Is recommended that additional
testing be conducted In a 1.615 + 0,001 inch diameter':•' (AU-7) chamber. Alii

Ignitor 439 should be reevaluated, Ignitor TBN should be
abandoned.
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25$M PLASTIC CASE
AMMUNITION DEVELOPMENT

S/N.
*DATE!/ f4

ENGR7YC- ads/.

OBJECTIVE: "1 ePJIOUr. " .I.FP.c: OF eaSc-". PP

2-i mas 4r Ei~JrA1 air -rw <paw

Test PIxturs:C:T0, UNIVERSA.LI. C.=4 Mai*

Cartridge Case: mat. NI I~IDRv NA, 04 LU'a C~
Dw.No. _____Rev., Mat' I____

Projectile: 0wq. No. 30033;7,Rev, A, Platic"Band, 3000 Grain.
Primer: Type .SmL. , Lot No.,, , Ne. .
Flash Tubet.l3TSpe 1ell
Project l Retontion I N1C, /0 NIl Myler, NIl
Ignitor: . A.,-.,.I Sets:.

S hargo * Lot No
Aft Charge Lot No.
Insert A, Lot No. .

RARKS: i U-0

ROUND PROPELLANT VT (GRAMS) TOTAL PROP. WT IGNITOR WT

NO. D(GRAMS) ( ms i

•2 22.IL .. ,,• . ... /a • ,4 ,- I - - a

? f•' D •rs -. /,_;. __ .. , 7, _

-75

POAM NO. So-5•5-81
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TEST REPORT

SERIAL NO. 3

OBJECTIVE: To evaluate Class 3 black powder as an ignitor candidate.

BACKGROUND: It is necessary to establish a baseline round configuration
early In a program so that performance Improvements can be
measured. Black powder Is usually selected as a baseline
ignitor because of its ballistic properties and reproduc-
ibility. Class 3 black powder was selected for this test
because It was used satisfactorily In the GAU-7 program.

J ¢Ifrn u'•Jnds whre as~edhA•ed wtth;
Forward Charge: 5473 propellanti rond 9- rounds\

Aft Charge: 8446-9 propellant
Ignitor: Black Powder, Class 3

Retention: 40/10 - NC/mylar
Primaer: 32 S&W
Case: Nylon 12, 30 percen glass
Test Fixture: Universal

BALLISTIC
DATA: The ballistic date are listed separately because of the large

percentage of Individual tests.

DISCUSSION: The black powder charge weight was varied from a high of 1 .4
grams to a low of 0.5 gram. The performance ranged from over-
Ignition blowby (1.4 gram) to under-Ignition blowby long

action time (0.50 gram). The erratic performance Indicated
that class 3 black powder was not a suitable ignitor candidate.
The under-ignition performance was typical of a low gas
producing Ignitor. The outer case In the GAU-7 round supple-
mented the black powder gas generation rate to produce the
desired mass for a balanced shot start cycle.

One round (lio. 21) was tested with a 0.1 Inch thick brass
spacer In the forward and to provide a, additional 0.050

Inch crush up. The center hole diameter was 1.025 Inch.
This round provided the best ballistic performance of the
series with 0.5 gram of the class 3 Ignitor. Examination
of the spacer after the test showed that the spacer was
deformed and the projectile would not pass through the
center, The Interference fit with the projectile occurred
during the ballistic cycle. It Is possible that slowing the
projectile velocity prior to engraving could provide the
desired delay or hesitation necessary for stable propellant
ignition.
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Four additional rounds were evaluated with nylon seals
similar In dimension to the brass spacer. One round
repeated the results of Improved performance. The nylon
spacer was recovered almost Intact, The three other
1spacers were almost consumed, leaving a narrow rim on
the forward case lip.

The most significant factor of this test was the case
behavior. None of the cases cracked and all were easily
extracted from the gun chamber, The 0,050 Inch crush up
did not appear to be detrimental to case performance, All
the cases appeardd to obturate with the chamber at the case
base. Gas flow to the outside of the case occurred at the
forward end. Two cases hol longitudinal creases originating
at the forward end that were evidently formed by venting gas
trapped between the case and chamber. The absence of the
chamber pressure aperture Improved the case to chamber
obturation.

CONCLUSION! The forward seal appears to Influence the ballistic perform-
ance by slowing down the projectile motion in the shot start
cycle. Additional study In this area Is reconmended,

The cartridge case is compatible to the GAU-7 gun chamber
and can be extracted without difficulty.

%,1

PI MAX 12 MAX 1"3 VAN kFLOC1TY TIME

MUND NO 11
30.2 -1 4 . l k"f I E. 94

ISI TO L52 2!80
P" TO LSV 2!7%
rOUND NO 12

0 44 . 2 l

L.SI TO LSL 3bS2
P3 Tn LSO 3813

! ,94* I



f'T1OV #OF. t2 I-F-11 2uF21,AXf?2.
LISTANIE TO F 1hST LIC1:T SCLE.-EN?23

LISTANCE L"'ETl,;IW LIHCT" eCT.E.ENS?2

ri MAN r2 ':M PN3? FI- X t.ELOCITY TIl FE b.l. POE.

IhOLUNr NO 15

30.4A -.7 re. b6 2(48 5.6 .011 .2(2
31*34 : 2C2

LS I TO. LS2 2(44
P:3 TOe LS2 2(4f
ROM'N NO 16

33,t ,2 2,.7! 2545 5.94 ,B ,e 218

44.81 ( 4.34
L51 T LS2 2559
P3 TO LS5 2542
POUND NO 17

34.1 ".3 2.43 252f 5.(7 9.0l 0211
472 1 I2 4o35

LS1 TO LS2 9559

P3 TO LS2 2S42
ROUND NO 18

23.1 .1' 2.49 2312 8.24 9.0 .E-B3
.8262

48,94 0 401f

LS1 TO LS2 2302
PO TO LS2 23B7
ROUND NO, 2

293.4 4 3.f7 2830 37.04 .013 .309
48.2f 0 2.57

LSI TO LS2 2856
P0 TO LS2 2818
ROUND NO 20

37.t 1.6 3. 2830 116.43 &613 .241
44,54 0 3.4(

LS1 TO LS2 2856
P3 TO LS' 2843
ROUND NO 21

52 1.3 4.5 3245 8.62 &021 .295 Brass Spacer
47094 (• 101 0,1 x 1,025 Inc:h TD

1.S1 TO LS2 3718
P3 TO L 3281,.
ROUND NO 22

32. .6 3e.16 2555 6.82 .1'3 .•.25 Nylon Seal!

L.51 TO L$9 2881
PO TO LS2 2866
ROUND NQ 23

32.6 Of 2.69 0491 6.49 .19 .424 Nylon Seal
47.19 a .2

151 TO L52 3476
P3 TO LS2 1484
ROUND NO 24

129o6 6 249 2366 #.34 *011 ,259 Nylon Seal
5.4t2 0 357

LS1 TO LS2 2631P TO L~s2 2603
ROUND NO 25

33o9 t.• S.4 3646 24.*07 9021 .4!4 Nylon Seal

61,43 o
LSI TO0 LS2 3592

PO TO LS2 3620
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25MM PLASTIC CASE
AMMUNITION DEVELOPMENT

DAT

OBJECTIVE: *Th ..uiu. uatA&M

Test Fixture! 1TI-rIT Ui . RIA.
Cartridge Case: Wg. ;g..- ~K, Rev. ,Met-) WIJLw4 I J

Dwg. No ______ Rcv. , Mat'______
Projectile: Dwg. No. 30034.7, Rey. A, Plaistic Band, 3000 Grai-n
Primer: TypQ ~ Lot No.
flash Tube:A spa ial l .. NC 1 Ali mProjectile Rtton ± 1 ONlMlar, _______MI _______

Ignitor: ILPa
Propeilant: Fwd Char:: jj~ o No

Aft Ch rge JJ LotNO

REMARKS:__"f~ws0.(Keoo sa -oi swatFi

NO. Up NVcA 'EL.(vS*6

PROPELLANT WT (GRAMS) TOTAL PROR WT IGNITOR WT

ROUN;D_ _ _ '47_ _

/4 Y6,8

4___ 97.3 1_____ +A

9119- 1-4i-7 0. 75"f 4~

9491 /391.9

-~~~~3. W ~ - _ _ ~ )~-+

'1 461j

FORM NO. $G-55~5-81 i w CJ I5*0 o

111ASi~S W9sCANa.0.

96

......................... al



I

~I .- , - - -- 4 - 4-

,, ,.. ,

_ I

-~ •..--........

-
:,- 

. 2 -Til

Tt77T1,
-------------------

4

r .. . . . . . . . .. . .



I-I

I.. ....

I _ " I. . .V . .
I. -.. . - .. .-

-1 -..,f- ... t -i ..

- t..r..., .. .•

V.... . .... . .- . __ .:7

I . . . " . . . .'

• -1

S...i. IL- :E]



I
�7.7iT 717Th :��: K.

.......................................Ky
r -t- h -1- V 4�4� �
H - 4-

* * �tI
II**. . **9.� -�

I I I

-. -, . 4.�...J.4.L 1 ... ...........................................................................................................................................

-4 -i I' -I- �II ii I I-- I �
*1

-I.- -.1

*�K:LI :I�'t�1; . ,[ . ].� 4 f44.�4�l

................................... -I-.

- -- � -�

II-4- -� -IT-i-,
*..........I.. .;.......

I , I
I� II,!�' I

,- .�-. - -. .

F I.,.* I I

II , .

I . .

- -I.

:4' i ± !� �. ±� i* 1 IL

99



4:.

•?: -:.I.-H L - .:-P-- -- i --t 4  • .A-I-, , ,

S .I " , 1 *I•J" : I _:ii L

I

-- r - - .F - ' -! I jJ
u -i . .... *--..-;** j- * 1-

S.. ! i , ' I I" - --

It~ ~t- • .L. • :t . t ,- t- .- ...

*~1 O0

I-k ...ri..jI



71
I, -...-

2'.�;.�I.I.;
-i .14

*1 I I.. - .

-4-- � I
.� I

4-

I I..-
- -1

4 I .

I I

T-r--n .1�
. -I

I 1

.......................................................

I j�* 1  *I _ __ SI

...........................................................................................................................
- I- *F

.1 . I

I -

I, I i I

III'

, I �. ....;

II

� K

101

1
�IIL�LjJL�

4
.L�UL. � t4IIL�IIi

4
A.. � � .-.



iA

....... . +-I -. -. .......

~tLK

•i 1

.. .... .. 4.:

-- --------

...-- .. ...... ' .- . . ..
. FI

I..t-

S0

.4 J •



7 4-

• - ,~ 4 -. , I- ,
___'II

*... l i .: .. .

Ad fr 4..

S~103

I 4

........

............. ...........



I- i-
-, i , . I .. .. .. . . -

•! ---' 'i I *L, •-

.- I .1 .1'.-

I .. II . , 'I • ,

i.' ' 1' N i . '4..'

-- IL_.4._.

--t .. 4 ' t. s k. + -" t.... .... I....: + " •
""-- -H --i -- --p--- - * -' Tt- . ,: . ,I ....

"], . ."" " - , ,- 1 -, , .. . . .I

-I-H ......1..] ,... , ... ,i

t.-. I ,I '1 " "

I t .'

"-I- I-*-,-" 1-- - ;-~-- ... . V
*.. .. _ - -I__ ,• | _ _ ' I, I.

-- 1 44--7 7.:. , - I p !-.- .. .I '
i-- -J < .--.i -..'-t...T- -• i I • L-i-- - - -...

!I - • ! " :< . .. •. -• i I i- -• -- -i... ...104-



rr �- r -r -�

� -. 4

-2- I - L
'I :..

I I 1774771{7V1 I

-- it
-v-v7 I

f��I
t7 4 7V..ITK.I.

.1�.. I I I

I -

I K� 1.
.-�-.t-1- ..7

-I.-

:t:ziit I I

�.,...

t7.§.II7��7...L �. Lj.

-� - .4. I.-..[ ,. . V
.1 ,I� 'I

- - �

I.. '.. . I

J777]7 T17hj7777�T-.17-

�jj.fIJW 737 � .

± - K'.
4.-- .4.4� ,

105
C.



ILI

1067

....4 3A ..



�-

K .. �- I

4' 7.7 _ .4 t.d7�q7 -

TTP t.

14 *i.. -i.. _ __ _ I
4.....

4� .�....'t

* � .---. K
-- - jIj�

�1�

* 4

-p-- -4- -+-
S*.�I9I�:L#t .�.4. t !j*>:¶±. �

ii

- .-�- -1-

II I .1

zwiz.± �.;�.

H--t-m I -

.4' I
-. �- i��1

107



2.. Jj
-------------------------
-V .

:1 * I
I ..�.. *

�.-. 
S

-. �.i 1* ''II
- 'I. Ii.

1 -. �3TK:3: -k
* �-I..... 11137.LTLV �.-- - I :�

- I.

.. ,:r,,

* �

, . j..

..............................

-� - = .. K]K!1�. 1 V --ii-
1 

-�

................... j� � :-�;4-- -H- LI

- -I...............

:4IE,7tKP22� J4i�;� I' 4'fl 'I fl! '

* 7
* I 08

I



7T;1 -1 IIIt-~T i7 7~ i

IILI

1. ...7 - - -~,- . -..-7 1 .

--f. --

ILL--*~- 4 -- h'
P - - -T7

- -., 
- CTt. ~10*9

I............

............. .......



TEST REPORT

SERIAL NO. 4

OBJECTIVE: To evaluate Class 6 black powder as an Ignitor candidate.

REFERENCE: S/N 3

BACKGROUNDi The Class 3 black powder evaluated In test series S/N 3 was
not satisfactory as an Ignitor. The particle size was too
large end the resultant rate of gas evolution was too slow
to provide the desired shot start cycle. An Increase In the
rate of gas evolution can be provided through a reduced
black powder particle size. Class 6 black powder was selected
for this test.

Four rounds were assembled with:

Forwcrd Charge - 5479 Propellant
Aft (;harge - 8446-9 Propellant
Ignitor . Black powder, Class 6
Retention - 40/10 - NC/Mylar
Primer - 32 SSW
Case i Nylon 12, 30 percent glass

BALLISTIC
DATAt P1 MAX PR MAX P3 MAX VELOCITY TIME

Round No. 26

36.4 4.5 2830 4.98

5.73

I-OUNw NO-- 27
-5,l b 4,.71 3250 4.7

37.84
L.I TO LS2 3230
P TO LS2 3241
ROUND NO- 28

-;7 3!07 5.0c 315f 5.12

LSI TO LS2 316(
13 TO LS2 3161
hOUND NO-- 29

i lIh:lnf ire

"11o -

.- .-...



DISCUSSION: Each cartridge was evaluated with a different charge
weight of Class 6 black powder to provide a "quick
look" approach to the utilization of this granulation.
The 1.4 gram charge produced blowby performance and the
0.3 gram charge resulted In a hangfire. The Intermedlate
charges of 0.7, gram and 0.5 gram were also blowby but
the iagnltude was reduced with the lower charge weight.
The test Indicated that a charge weight of 0,4 gram of
Class 6 black powder would be desirable.

CONCLUSION; Class 6 black powder was a candlate ignitor and should be
evaluated in future tests, Inhibition of the aft grain
should be evaluated with black powder rharge weights
greater than 0.4 gram,

The effect of the nylon seals was recommended ior
further evaluation. The presence of the seal appeared
to reduce gas leakage and Improve performance.

:, f •• v• , : •
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25MM PLASTIC CASE
AMMUNITION DEVELOPMENT

OBJECTIVE: 7To F.1.X.4OW C 3 14_. . -•0A 4,o .. , A.Wi

Test Fixture: ilTRl ' 11IG ._l iA ... .O . .
Cartridge Caset Owq. NorO. EM Rev. ____gNt. 1___ ___ ____ 1

Owg. No. Rev. , Metil_' _ '_"__
Projectile: Dwg. No. 300347, Ray. A, Platic Biand, 3000 Graln.
Primer: Type P-SIT.ML , Lot No. . No,

Flash Tube:c<# 7'Tr-pecla1,
Projectile Rot ntlo.. , Mylar, , ,,
Igni tor: Too I
Propellanti Fwd Charge Lot No

Aft Charge - Lot N'- .3
Insert - , Lot No__ _ _

REMARKSi o M Z -1  . ,, to Y4MiA &ft 5•t••..

All)2, w 5,0*c.. S& do J S

ROUND PROPELLANT-WT (GRAMS) TOTAL PROP. WT IGNITOR WT

NO. FWD AFT I NSER (GRAMS))

5T 4., 444J4,,,

9•0_ _ No. •-*4, ,, 60

R 4, 15Y so

FORM NO. $G-555-81
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TEST REPORT

SERIAL NO. 5

OBJECTIVE: To evaluate Ignitor TMS 300432 and the effect of brass
seals on ballistic performance,

REFERENCE: S/N I

BACKGROUND: Test series S/N I was fired In the IITRI test fixture withIgnitor THS 300432. The test results Indicated that 0.1

gram of Ignitor was the desired charge weight for the best
performance. Differences between the I ITRI and the Universal
test fixtures necessitated a repeat evaluation of the Ignitor
to verify the performance.

Five rounds were assembled with:

Forward Charge 5479 Propellant
Aft Charge 8446-9 Propellant
Ignitor - THS 300432
Retention 40/10 - NC/Hyler
Primer 32 SSW
Case - Nylon 12, 30 percent glass
Seal -Brass

BALLISTIC
1ATA: . P IHAX P& H4AX P3 lEAX VLOC.ITY III M

ioand No. 30
Misfire (Projectile In Barrel)

ROUND N6--. 31
•i47.6 4*4•3 3410 3.B8
S48.95 3,35

LSi TO 1.58 3363
P3 TO LS2 3392
ROUND NO-- 32

794 -1 4e24 3455 4991

43.96 0 .51
L.S1 TO L52 3402
10 TO LS5 3426
AOUND NO- 33

49.6 -. 41.22 3491 3.95
44069 8 1.99

IAI TO LS5 3476i iF 3 TO ,.9 3.4.4
"A~oUuO NO-,4. ....49 -612 7o.19 ,,1 o33.Z No Seal

5 6.25 0 g
•" 1' L31q TO LS2 4046

M" TO LSO 4823

117
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DISCUSSION: Comparison of the ballistic performance recorded In this
test series with the date from S/N 1 indicated that there
was a difference between the two test fixtures. The 0.1
gram of ignitor charge produced a misfire. The projectile
was forced into the barrel but tl.i propellant failed to
Ignite. The Ignitor charge weight was increased to 0.3
gram and over-Ignition blowby performance was observed.
Subsequent reductions In charge weight reduced the blowby
and one cartridge without a brass seal yielded a long
action of 33 milliseconds.
Examination of the fired cartridge cases showed evidence

that the hrass seal Interfered with the projectile travel.
Each seal was badly distorted and the seals were forced
Into the barrel entrance cone. The seal appeared to
Srestrain the projectile momentarily at the barrel
entrance. The action Induced a rapid change In the free
volume of the shot start cycle and forced the pressure
to rise accordingly. The pressure increased the blowby
and over-ignition of the charge. The result was a relatively
fast action time 4 to 5 msec, velocities of 3500 fps and
blowby. The Increase in velocity and the reduction in
action time were not considered a normal ballistic cycle.
The brass seal was determined to upiLt the Interior ballistic

cycle,

The cartridge length was machined at 6.105 inches and 6.155
inches to provide 0.050 and 0.100 inch of crush up, The
0,050 inch of crush up was observed to be compatible to
case performance. The 0.1 inch cracked the case that resulted
In a gas burn on the chamber face. The next long cartridge

was crushed up such that a 0.015 inch gap remained at the
breech face, The case side wall flowed into the gap 120'
around the base and eroded away the remaining 60 degree
portion of the base. Ballistic performance of the cartridge
did not appear to be effected by the gas leak.

CONCLUSION: The brass seal was observed to have a significant influence
on cartridge performance. Techniques designed to provide
an Interference Interface with the projectile travel without
damage to the projectile are recommended for further
evaluations.

Ignitor TMS 300432 at a charge weight of 0.15 gram was
selected as a baseline charge,
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25$IM PLASTIC CASE

•IMUNIT ION DEVELOPMENT

CooR

AMMO &&A

OBJECTIVE: 45 h4 .a o- wL "r,4. V,'m 3R~t es1'.

Test Fixture: IITRI l L, RIA

Cartridge Case: Dwg. NO. SKd •Rev.v _____, Mat'l.IJIL . tL ' 7. "-U
Owg. No. , Rv _ _, Met'l_ ,_ .

Projectile: Dwg. No. 3006%7 7 'A, P.I;stc 16and, 3000 Grain.
Primer: Type i3ML , Lot No. , No.-
Flash Tube: • $p cill, ,ylar, f.&I 6JProjectile Raetntl n: U• Nill PC, " Nil Miy ar, ----

OIgnitor: ET A W5 (1R)- TA PO Ham
Propell.* , F.d Charge :a,-, Lot Mo. am--Aft¢hlge....~li•/lr_ .6~t, Lot No.m ey •-•! . .

Aft Charge 9____ -7____

Insert, ,, , p Lot No, -

FOMNO. FW5D-S AFT O~I'" N S-4A E7'tA C ýER0 M &

SROUND 
P '-ROPE LA Ir (GR A) ' ,1 TOTAL PROP, 

T I .GN rIOR WT

301 9 7

-3 4.,

.~~~~~~~ 13 Z• 4----1 i3.. 0[ ... r7 .. 'TT-T- ... F.. ,T T
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rest REPORtT

SERIAL NO. 6

OBJECIVE: To eivaluate an OPOXY/glas1 filament wound cartridge Case.
REFERENCE- S/t4 S
BACKG(OoUNIi The glaos filament wound concept was selected 4s a CasecandIdatis to represent the thermoset family of materials.Two cases were fabricated at the Brunswick Plant In Lincoln,Nebraska by a standard process used In the manufacture offilament wound plpe,, Th*Lcases were machined at each endto accept a steel head and a steel forward seal as shownIn Figure 1. The ends were bonded to the case with anepoxy adhesive. The Cartridge ength was 6.050 Inches,;he chamber length was 6.055 ic hes,

Two cartridges were assembled with:

Forward Charge - 5479 PropellantAft Charge - 8446-9 PropellantIgni tor - 7145 300432
Retention . 40/10 - NC/MylarPrimer 

- 32 SSWCase 
-Epoxyv/glass

sea?'- Steel
BALL ISTIC
DATAi

P1 M4AX 02 M4AX P3 14AX VSL.OCTYy TIMZ

......................................... 
..ft............. .......ROUNb O-. 3s36.7 -2$9 3599 4*LS I TO LSe 3514~

P3 TO L59 3baj
ROUND NO-- .16

36.4 96.31 
32 ,154o688 014LSI TO 1.92 3476

P3 TO L.S2 3592

124



DISCUSSION: The ballistic data was very consistent between the two
tests The blowby recorded on the barrel pressure
transducer was 2000 psi and approximately 7 Kpsl lower
than normally observed. Examination of the fired cases
Indicated that the forward seal I.D. was deformed outward
against the barrel. The seal appeared to obturate wIth
the projectile prior to engraving, The area around the
projectile was reduced and the blowby gases were blocked,
Shot start cycle efficiency w4% Improved resulting In
very reproducible ballistic performan;e.

The steel seals were Wedged against the chamber wall and
prevented the cartridge case from being easily withdrawn
from the chamber. The filament wound portion of the case C
was extracted Intact without damage,

CONCLUSION: The filament wound concept Is feasible but will require
design changes In the steel ends to accommodate extraction
from the gun chamber.

The forward seal appeared to have a significant effect on
ballistic performance and parformanci variations, An
Innterference seal concept Is recommended for further
development evaluations.
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25MM PLASTIC CASE
AMMUN IT ION DEVELOPMENT

SN2O~

OBJECTIVE:~~~~DTE M VA~J~! ~ ~ ~ ~ u.' IJ~l

COrrJdECTI sE:- DW . NO."AIY SRj 3OOýO. Rev , c L.AVA 1

Dwg. No. _____ ev___ M
Projectile: Dwg, No. 300307, Rev, 'A, Plastic Band,3OT n-
Primer: Type ,Lot No. ,No.,,

Flash Tub:3'-jT1TflSp*GI1II, &r. rf l5
Projec tiIleiRe tenton: IlN, / 1Mylar, M_____ ______

Ignitort 9-7rOA64______________
Propellant: Fw carge ,5 Lot No.s '

Aft Charge-.. t q - Lot No.:Q
Insert N ot . o .

REMARKSt L -yucwq4ci .JJE h ýM~S4~p

RONDPROPELLANT WT (GRAMS) TOTAL PROR WT __IGNITOR WT

NOo, 3F,

FORM NO. SRl-555-81
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TEST REPORT

SERIAL NO, 7

OUJE1CTIVIE: To evaluate Colton (Acetal) as a tool material candiddte.

REFERENCE:I S/N 5,6

I SCKGROUND: Test series $I/N 5 evaluated cartridges with Srass seals that
resulted In Improved ballistic performance when compared to
cartridges without seals. Similar results were observed In
test series $I/N 6. The brass seal was machined per Drawing
No. SK 300520 and positioned on the end of the case. The
case length was reduced tu provide the Jesired'crush up.
Crush up less than 0.050 inch prevented case failure during

h chambering,

Colcon seals made to Drawing No, SK 300528 wer@ machined
from extruded round bar ttock. the seals were not bonded
'to the cartridges.

-Six rounds were assembled with:

Forward Charge - 54.79 Propellent
Aft Chaige 844.16-9 Propellant
Ignitor V M 013
Retention 4010/I NC/Kylar
Primer - 32 S&W
Casi Nylon 6/12, 4.3 percent glass
seal - Celcon

SALLISTIC
-DATA: P1 MAX Pg MAX P3 MAX VtLOC1TY TIME

ROUND NO0.?37,
32.7 -1.7 see 3156 5.154
39.06 0 .82

L1*1 TO L39 3166
PC TO LSD 3016
POUND NO--TOO1

49A -of Beal 3191 50

LI~ TO LIS 3514

445.18

P3I TO LIS 3146

ROUND NO--TAO



ROVND NO-.-?AI
36.7 ..3 S. 1 331.5 Solt
45,83 0 1 .32

LSI TO L32 3331
P3 'TO LS12 3323
ROUND NO--? 4V
742

99.2 -.2 3.85 2830 1*115
4.9 0 3.36

LSl TO LS9 28064 P3 'TO LS2 2818

DISCUSSIONt Comparison of ballistic date recorded In this toot series
with S/N 5 and 6 Indicates that the Ceicon' material was not
equivalent to the metal seals, The action time was 5.2
milliseconds in this test compared to 4.2 miilisecondsn In
S/N 5. The longer action time should have resulted In
projectile velocities greater than the 3200 feet per second
recorded. The average peak blowby pressure recorded was
6.25 Kpril. This pressure Indicates that the shot start
cycle was In an over-Ignition mode, This could be caused
by a faulty seal, seal failure or the fact that the seals
were not bonded to the case. The char..~outer seal surface
Indicated excessive gas leakage between the seal and the. case
end. The seals were eroded away to varying degrees except
for a narrow band that was welded to the case end. 'The
remaining portion warn welded by surface melting and pressure.

CONCLUSION: The Ceicon material was not suitabi4 as a seal In thes
configuration tvaluated, Materiel eromion and ejection
from the-barrel were not desirable. The seal Interface
with the case was Indicated to be Important from a gas
path and over-Ignition shot start sequence.

Additional teats are recommended In an alternate seal design
configuration.
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25MM PLASTIC CASE
AMMIUNITION DEVELOPMENT

CIJECTIE lI e JE5At4,A- v ~

*Test Fixture; lI TRIC'I VES ý A.
Cartridge Case: Nwg. Va.* 0ý RV. ,

Dwg. No Rev I mat'______
ProjectileI: Owg. No. 3003r rev-.--A. Plagtic Band, 3000 5-aran.
Primer: Typo , Lot No. , NO.
Flash Tube: C7Tr&5W' 5Special,
Projectile RegeinFtin:.4 1 .. JIT~ io Nil Mylar, Nil

Prplin: w hre Lot No
*Aft rhargjjj Lot No f m 0

Insert -Lot No.________.i

REMARKS: 7 fqi4 eor/.e,E a's(dSA

ROUND PROPELLANT WT (GRAMS) TOTAL PROP. Wr IGN ITOR WT

_____ 7,5 419AL.7. -L.L.

-del ?3 4,- -/e'7____

-fz A?3 44,b -S,

FORM No. SG-555-81
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TEST REPORT

SERIAL NO. 8

OBJECTIVE: To observe the effect of the Interference seal concept on

ballistic performance,

REFERENCE: S/N 5.

MCKaROUNDs Favorable ballistic performance was recorded In S/N 5. This
was Interpreted to be the result of an Interference between
the brass seal and the projectile In the shot start cycle.
The projectile was forced to decelerate as it obturated the
barrel. A decrease In the rate of change of free volume
Improves the propellant Ignition process by Increasing
local pressure. Propellant blowby should be reduced
because of the reduced flow aree caused by the interference
of the seal. The brass seal deformation Indicated that the
projectile was probably damaged during the Impact. To
minimize the damage and maintain the desirable shot start
properties, It was determined to evaluate plastl'c materials
to replace the brass. seel.

Celcon was selected as the fIrst candidate for a nonmetal
seal. Theseal was conflgurated similar to the brass as
shown In SK300523. The Inside diameter was reduced to
reflect different degrees of Interference.

Twelve rounds wore assembled with:

Forward Charge - 5440 propellant
Aft Charge 8-446-9 propcllnt
Ignitor - TY&300432, 300439
Retention - 40/10 - NC/Mylar
Primer - 32 S&W
Case Nylon 6/12, 43 percent glass
seal - Celcon

BALLISTIC-DATAL PI MAX P1 MAX P3 MAX VZLOCZTY TIZfI

FUND NO--?43
37.3 1 4.747 3168 4.98 Ignitor:
45.39 a 2o96 ThS 300432

L1II TO L62 3675
P3 TO LlS 3171
oUND N-0"746

. 0�1. 0 ".3 3.93 2965 5.8
46.59 a 5.36

I5I TO LAI 2499
P3 TO L3I 3691
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hOUND NO--?*9
39.2 .1 4.58 3097 5.18
49.17 a 4.51

LSI TO L39 3044
P, TO Ls 3671
ROUND NO--?52

SALLISTIC 45.7 9 604 3646 6.16So1o93 * $sibDATA i SA I TO LS2 3675

PO TO LS2 0660

Ignitor: ThI 300439

PI MAX P2 MAX P3 MAX VELOCITY TIME

ROUND NO--?44
39.9 -1.7 5.3 2900 1st 5,t31.51 0 204i

LI TO LS2 44
PS TO LS2 I,
FrOUND NO--.?"4

38. '-.5 6.46 9999 53.9S
19.?6 6 3

LAI TO LI8 40
PS TO LII S
ROUND NO--1 47

54.1 -@3 5041 2995 tool

L-I TO ;.S9 2191 *
P3 TO LII 9560
M~UND NO-.?50

44.6 -1 7.61 3916 14.94
5313si 0L31 TO L52 0899

P3 TO L52 3963
hOUND NO--?-48.

ýA19.17 -01 3.55 41(4 9. 92di" 37.83 0 5.92
W ;.2I TO LSR 1616

P3 TO L5I 2428 .. )o
WOLIND NO--? 51

53.7 a 7.1 3861 12*.3
52.33 se8 a

LAI3 TO LýSP 3852
PO TO L.52 3856
ROUND NO--?.J3339.1 a 6.33 3097 S.t?

506~l,99 626 5,??

1.51 TO LS2 2734P30T LS 299|6

ROUND NO.-,? 54S360? .2 6.84 30e60 660
50.39 .51 4.14;~LSI TO L.6e 3075

13 TO 1.52 3071
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DISC'JSSlIOP.: The ballistic results were separsted into four seal
configurations with inside diameters of 0.985, 0,870, 0.750
and 0.625 Inch. Each group was evaluated with two TMS
ignitors 300432 and 300439.

The most significant effect on ballistic performance was
Indicated with the small Inside diameter seal's. The
velocity Improved to a greater value with the 432 Ignitor
and the 0.625 Inch seal aperture. The limited number of
tests were not sufficient to confirm the results.

The cartridge cases and seals were examined. All but
one case was charred on the exterior surface Indicating
seal leakage. The leek was anticipated because no attempt
was made to bond the seal to the case. Oblong portions of
the seal were recovered down range. Examination of these
pieces Indicated that the seal obturated with the barrel
but was ejected from the barrel early In the ballistic
cycle. The portion of the seals that remained with the :J
cases were approximately 0.060 Inch thick end these were
thermally welded to the case by the combustion gases.

The origin of the case base crack has been Identified,
The cases that have ftlled at the base have been with
glass contents greater than 33 percent and In cartridges
evaluated with TAS300032 Ignitor. Similar, tests with I"
THS300419 Ignitor have not caused case failure. The 432
Is more brizant than the 439. The crack originates at
the Ignitor/case Interface. It Is the result of the rapid
expansion of the S&W brass caused by the burning Ignitor.
The crack can be eliminated by removing a portion of the
Ignitor support in the case or changing the Interface
with the brass Ignitor.

CONCLUSIONt The Interference seal concept was feasible and Indicates
that velocity Improvements without sacrificing the other
ballistic properties was possible. Celcon was not a
satisfactory material candidate because of the difficulty
in providing a satisfactory bond with the case. The
tests should be repeated with nylon seals that are
bonded to the case. A seal design nodlficatlon should
beiAncorporated to allow for material displacement
without material loss.

The cause of case failure at the base has been Identified
and can be corrected.
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25MM PLASTIC CASE
AMMUNITION DEVELOPMENT

OB.JECT IVE_ -%q Os3*a~je- Tliw v iE

_5 J O,.sL$fC. ;.. -a.I

Test Fixture: IITRI, ANIV , -/
Cartridge Case: N ,o Rev. ___, Mati:.l, ILt

Dwg. No,._____ Rev. M Nt l______Projectile: Dwg, No. 300347, ev • A, Platic' t -and, 3000 Grain,
Primers Type , Lot No.. , No._.Flesh Tubes6.: -'• tl -pc.4al, e&C-nr /,5 /"s"Projectile Retentionj MJ NC, Oill Idylae, NilIgnitor: , ,ItalG- c , ,, -' -/ , -4Propellant: Fwd Ch ii jZ .',." , Lot No, .

Awft Charg, 0 Lot No. - .
Insert_.,,,.---.- Lot No._ _

REMARKS: nes WJ~ASQ2* jT4~ CE.A'S4go 574:Uc&

COW. ROUND PRPLL _ WT (GRAMS) TOTAL PROP. WT IGNITOR WT

44- -

45' "So 4.4 O r"

i• ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o "5,> O • F. ~~, GAS. (4,m)s

4- -. -f -1

C2-7 4 C- _ _ _ _ _ý4

9 ..? -:. 4-.0_

___ 4 .z AM' (~4 3q
53 - S? 44, - 1 3,1 4,1'-

-,54 - -•-4 ... .

i l ~ ~~~FO R M N O . s G - 5 5 "• --8 1 C _# ý)" ' l b ~ rr
i -i-
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TEST REPORT

SERIAL NO. 9

OBJECTIVE: To evaluate Zytal (DuPont Nylon 6-12) as a seal material
candidate.

RIEFERENCE: S/M 7

BACKGROUND: The seal configuration evaluated In S/N 7 (SK300520) was not
satisfactory because of the square corner that protruded Into
the gas flow path at the barrel entrance. A seal configuration
with an Internal angie of 4s5 degrees was selected as a baseline
to evaluate candidate seal materials (SK300522).

Two seal materials were selected for this seal concept evaluation.
The materials were Du~ont nylon 6-12, unfilled (Zytel 151) and
4*3 percent fiber filled (ZYtel 771143). The seals were machined
from flat sample specimens 0.250 Inch thick. The seals were
bonded to the case with mata-cresol adhesive.

Ten rounds were assembled with:

Forward Charge - 8472-1 propellant
Aft Charge - 844~6-9 propellant
Ignitor - TMS300432, 3004~39
Retention 40e/10 NC/Mylar
Primer -32 S&W Pistol
Case Nylon 6-12, 4e3 percent glass
Seal -Zytel 151 and 77114.3

161

"........ ..

.........



BALLISTIC DATA: PI MAX PS MAX P3 MAX VLLOCIIY YImt

POUND NO--? 5511~ ;306.8 -1.3 7.93 3455 36.39
LSI TO L3S 3476
FO TO LS2 3465
ROUND) NO--? 60

589 -69.11 36D97 23.86
49.39 a 0

LSI TO 1.5* 3675
P3 TO 1.12 3084

214 6 5.91 2627 6.08

1.51 TO LSQ 2644
P3 TO LS* 2635
POUND NO*-? 65 58 61

92 2.2656 282705

LSI TO LBS 2866
P3 TO LBS 9794
ROUND NO-? 58

31 I 9.28 3491 34.92
67.54 0 0

LII TO LS2 3476
PO TO LBS 3484
ROUND NO --?. 59

9.4 11 6.83 2915 16.79
.4187

417.61 I 0
LSI TO LBS SI1S
P3 T0 LBS 9014
FOUND NO--? 61

I8 I 9.11 2830 9.72
54.49 I .58

LII TO LBS 2806
F3 TO L5S 2818
ROUND NO--?. 62

294. 6 6.93 2806 7.64
49.32 0 3.56

1.51 TO LS2 280e
P3 TO LS2 2866
ROUND NO--? 63

23.8 .2 9.53 3012 1*.67
79.32 0 .3

LSI TO LBS 9989
P3 TO LBS 3111
POUND NO--? 6

25.1 .1 6.65 2957 8.9
A9.27 -04 3.65

1.5) TO LBS 2934
P3 TO L52 2946
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DISCUSSION1 The seals remained attached to the cartridge cases and
appeared to withstand the ballistic environment without
severe erosion. The seal configuration was acceptable
as a baseline design. One seal made from the glass filled
nylon cracked longitudinally In two places, The break
was a hoop tensile failure and was probably the combined
result of an undersized diameter and the low percent
elongation of the material. All the unfilled seals
functioned without failure. The erosion of the sealing
surface Indicated a gas leak was present but no damage to
the gun was observed.

The ballistic performance data Illustrates the affect of
a low RQ forward charge. Action times up to 35 milliseconds
were recorded and blowby pressures were only up to 6 Kpsl.
Rounds with similar components and baseline (100 RQ) forward
charges produce 5 millisecond action times and blowby
pressures up to 10 Kpsl. The forward charge provides an
Important contribution to the Interior ballistics of the
cartridge.

The cartridge cases that utilized Ignitor TMS300432 all
cracked at the base, The cracks originated at the Ignitor
cavity and propagatedlacross the bass and forward along the
case sidewall for approximately three Inches. The cases
were extracted from the gun chamber Intact.

CONCLUSION: The unfilled nylon 6-12 material was selected for continued
development. The seal configuration described with an Internal
bevel was determined to b6 satisfactory as a baseline for
subsequent seal material evaluations,

The low RQ forward charge was not desirable In this cartridge
configuration. A differert Ignitor such as black powder with
a less brizant energy output would be desirable.
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25MM PLASTIC CASE
AMMUN IT ION DEVELOPMENT 5N

F4 ~DAT t~

Test Fixturet IITRI, NULiIA, RIA.
Cartridge Case: l.wg. No. SK 300460, Rev._____ 4Vhi"•-m4 *I1

Dwg. No. _ Rev. , Mat'i
Projectile: Dwg. No, 300347i Y, A1 Pl6ltMc'bnd, ' 0 rainPrimeri Type Lot No. ,No
Flash Tuber'i Specihl, Loan rg .X•I• Tb
Projectile Retention: I M i N , 10 Nil Mylar,

Propellant: F~ Charge, Lot No. ^-&C

Aft Chr;Lot f" m I
Insert - Lot No._ _ _ __

REMARKS: . _- - =.. / -_ oe- ( 0 '0 2 5-:- j,,=- s , _- - ))

RUDPROPELLANJTWT (G AS) TOTAL PROP. WT IGNITOR WT
NO. FWD AFT (GRAMS) AN

E/,_4_.44, b L4

____ c/3 3~ f d ___

(66. ____ --- -u y ______

lll ~ I ll I

Bc•. ••i A42.,.. - /•, " •,-.z. ,' 1.;

e-39 44-7/ 7 7 A Z 5z 03'
4d 

-

13-s --
AT v

FORM NO, SG-55$-BI

164

R.......................... -



o~ • I *, la

, _ ,"' I *

DIA

SEA

,.f~ PLASTICCASE

165

* 9'

'a- 
.9 - -']

• SE~AL'
_25MM PLASTIC CASE

165

r L



'TI

'I._ 
M.,:

t -7--

q1  ~ +~ -f4:

16'

imiAL "I,



I I ~ ~-,-t -7 -

7 . ..

& i.7

. 1. ' , tý -H.

h it I; I;II

IIILI

>¶½ .~..&6 .167~ ~ -



.~ I.

t -- 7 " I

II

.i.~ -. - - -' - - - *~- . - -168.



I U . i 7 1,

- * ~ Hr

FT-4

T4. 4..

i41

'ml

It't

IIL

1694



,HI 
- -

. ~--

:7i-

* *1. i

IITT- LI I F~
170-



wz - - � Z. ..iir IiLr
4 '4

- - ..z. H" -... ,

�. d

I II. I -�

- - .- -S. - .i�.,: A
-I- .1 I I 'F

- - -�................I

a - �---t-� �
I- �. ,S-....J-5...I. *.....-

- -, - ,... - .L.-.I�,..-.. �
I .1 I

I.'

I,
,�. '-S - - - I

*1-5

Ii

-�r-' , ,. '-

I.I i. -�

I I �'t -

'�4� j it, TiI*. 7� .z 1. 1 zL

I
�



V.71.

- 172



-4-

.............................................................

tH ~ L

173



.t-7

-- t-..---.. , -- ,-- , ...- 1-- 7

- -'.p .+ ... .

I_ .I i,-w, T-+... .-... .

* ',., 
I

SI, ... .

I-.l Ti. ±!

*-1.• - - - . . ... -. -* -. *-..:. t-**.:..,*-*. -_.

-L I ;• . • -- . 1 I . , '

-- 4 .. . .; i .. . .. . . ......._.__ 4_ ,,*1-

+ ' ....+174



J-

:. . f

41

.-. -t i VF ji7

I I *1 * . I

7175



TEST REPORT

SERIAL NO. 10

OBJECTIVE: To evaluate rbrlon (AMOCO polyamide-imide) as a candidate
seal material.

REFERENCE: S/N 9

BACKGROUND: Torlon is a new thermoplastic with exceptlonal physical properties.
Tensile strengths are up to 27,000 psi and elongation Is up to
13 percent. These properties are considered desirable for a seal
material.

Seals were machined from flat sample blanks 0.170 Inch thick of
two mateirial formulations 4203 and '4301. Torlon 4301 contains
graphite and teflon additives for lubrication properties. It
has tensile strengths of 20,000 psi and elongations of 6 percent.
The seal configuration was described In SK300522. The seals were
bonded In the cartridge case with pliobond 20 adhesive.

Four rounds were assembled with:

Forward Charge - 8446-9 propellant
Aft Charge - 8446-9 propellant
Ignitor - T73 300439
Retention - 40/10 - NC/Mylar
Primer 32 S&W Pistol
Case - Nylon 12, 38 percent glass
Seal - Torlon 4203 and 4301

BALLISTIC • 11 reet
PIDATA: MAX P2 MAX P3 MAX VELOCITY TIME

N 6 -UN- NO .-?-65

36.7 -1.2 5.47 3315 5.12
32.39 a 0

i.51 TO L52 3297
P3 TO LS2 3306
F OUND NO--?66

39 -. 3 f.(9 3419 5.87
48.49 0 1.18

LSI TO LS2 3409
P3 TO L52 341C
ROUND NO--? 67

31.4 -. 4 4.98 2585 5.94
45.17 C 6.24

L51 TO LS2 2568,
PK TO L52 25b2
ItUND NO--?68

49.6 8 .69 4181 39.11
68.59 0 15

LI TO L52 4646
P3 TO L$2 4074
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DISCUSSION: The torlon seals were partially acceptable. Two were ejected
from the gun and one seal was cracked longitudinally. Examination
of the seals indicated that the outside diameter was O.00 Inch
below tolerance and no per drawing SK300522, The reduced diameter
required the seal to expand beyond the yield point and the high
strain rate generated by the combustion gases caused the material
to fall. The tests should be repeated with seals of the correct
diameter.

The cartridge cases did not crack and this was attributed to the
slow burnIng Ignitor THS 300439.

The ballistic performance Indicates that. blowby occurred In three
rounds and a stop action In one round, The erratic behavior was
not determined but was believed to be related to an Ignitor
malfunction, Blowby pressure ranged from 5 Kpsl to 10 Kpil
Indicating premature Ignition of the aft charge.

S. CONCLUSION: The torlon seal results were Inconclusive and the tests should beK •', . ..repeated with seals of the proper diameter dimensions.
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25M~ PLASTIC CASE
AMMUJNIT ION OEVELOPMKNT SN /

ANN

OUJECTlV~i: To EVM..4JAF "ra a(PAD= -

A. A ~w~.. WATUReAL

Test fixture: IITRrji, RIA.
Cartridge Case:t wg. No. SW3OO46O, Rev. , Nt'Al±L.' 9"1.4.

Nwg. No. _ ____Rev. Ha I __I-- _

Projectile: D.No 3037,Ray: A, Plasti land, 3W0 Grain.
Primer:' Type *Lot N o , o

Flash 'Tubu-~,*a 1uSe i,
Projectile Retention: kl Oil MylarN*
Prplm gao

At Chargej~ LotN
Insert__________ Lot No._________

REMARKS: ew-wo 6,.U34arI &.owl .06~ 5~" (4or CAW co

PROPELLANT Wr (GRMS TOTAL PROP. Wr IQNITOR IfTROUND --
NO, FW VJ

0.178
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TEST REPORT

SERIAL NO. 11

OBJECTIVEM To observe the effect of en interference forward seal on ballistic
performance.

REFERENCE: S/N a

BACKGROUND: Test series S/N 3 indicated that velocity improvements were
achieved by providing an Interference fit between the projectile
and the forward see). The tests showed that the projectile
decelerated prior to engraving and the reduced annular flow
path around the projectile reduced the blowby. The seals,
however, were ejected from the gun and analysis of the Inter-
ference mechanism was not performed.

SIA seal with an Increased cross section was selected. The seals
iere made In two length to width radio*, W and 1W2. The Inside
diameter was O,28 inch to provide an Interference fit with the
projectile ogive. The bourrelet diameter was 0.86 Inch,

Six rounds were assembled with:

Forward Charge - 5479.propellnt
Aft Charge " 8446-9 propellant
Ignitor - TMS 300432
Retention - 40/10 NM/ Mylar
Primer . 32 S&W Pistol
Case - Nylon 12, 33 percent glass

t Seal D , jnfIIled
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P1 MAX P2 MIAX P3 MAX tELOCITY TIVE

I)UND NO--?(9
, BALLISTIC 3207 -1.3 E,.g 1!e( 5.12

31.73 V .35
DATAt .O l1l.5 TO L$2 3I

FO TO LS2 31E1
hOUND NO--77?V

P34i E. .(3 OV97 .9.12
41.72 1? .03

LSI TO L$2 3C75
P3 TO LS2 3C~f
110NM NO--771

P.C 3k*3S !3 1
43.1( C .

LSI TO LSL 2(L
r 3 TO L$2 V65

JMUND NO--?73

81,28 d 0
L1I TO LS2 73
P0 TO L52 3175
ROUND NO--?74

99.9 -.1 6.31 3833 43.09
79.05 0 0LSI TO LS2 3918

PO TO L52'3846

DISCUSSIONi The ballistic performance was similar and reproducible in each
group but distinctly different between each group. The group
with the 0.25 Inch long seal had uniform blowby but at a
reduced magnatude than normally observed. The blowby averaged
7 KpsI.

The group with the 0.5 Inch long seal produced long action
time stop ballistics. This indicates that the projectile
stopped and the Ignitor was not energetic enough to ignite
the propellant In the available free volume.

The significant d;Fferences in ballistic performance between
the two cartridge configurations Indicate that the forward
seal can be made to have a pronounced effect on cartridge
performance.

Each of the seals were ejected from the test flxture. The
cases did not crack at the base as normally observed with
glass contents greater than 33 percent. The absence of cracks
was observed in previous tests with THS 300432 and 33 percent
glass filled nylon 12 cases,

185
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Ii
CONCLUSION: The forward seal was shown to have a significant Influence

on ballistic performance and Is a method of countroiling the
Interior ballistic cycle.

Additional tests are recommiended with the Internal beveled
seal configuration and a slower burning Ignitor like Class 3
black powder.
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29%'PLASTIC CASE

AMNUNMtOIDADEVELOPMENT

OBJECc~i'TIVE 7a~e QMAV M E!C-OW-r- CFAQ

Tetfixture: iITRIi.MZI, RIA.
Cartridge Case: Dwg. No. SK 300460. Rev,___ Mat'II.~fi3A~8

Dwg. No. _ ___,Rev. - m at" I____
Projectile: Dwg No. 300317".1iey".- A 1 `4PlTia'Snd, 3W0 =ra~n.
Primer: Type *Lt No. , No. .
Flash TU ~ I Wp clal, b Mcne L6bb
Projectli e6.eiintionl Ni ylr ___1__

Ignitor- cam 5:*

_________ Lot No,______

40 el Aftz ghrge , eA o. at

OMNO. (GRAMS)8
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TEST REPORT

SERIAL NO. 12

OBJECTIVE: To evaluate the effect of aft charge surface deterrent on

ballistic performance.

BACKGROUND: Selective surface deterrence studies were conducted In Phase
III of the GAU-7/A program, Ballistic tests demonstrated the
shot start cycle could be controlled with this technique. The
coating utilized was a toluene thinned plastic rubber adhesive.
No, PR-I manufactured by Woodhill Chemical Corp. The rubber
was painted on the surfaces of the charges to be deterred.
GAU-7 tests Indicated that the aft portion of the forware charge
and the forward portion of the aft charge were critical ignition
areas.

A reevaluation of the deterrent studies were considered to be
beneficial to the development of the shot start mechanism In
the plastic case cartridge. The rubber coating was applied to
selected surfaces of several aft clerges, The surfaces were
the: A. Ignitor cavity,

B. Ignitor cavity end the forward end,
C. Ignitor cavity, forward end and half the outside,
. All surfaces.

Twelve rounds were asbembled with:

Forward Charges - 5479 Propellant
Aft Charges . 8446-9 Propellant
Ignitor . TMS300432
Retention - 40/10 NC/Mylar
Primer - 32 S&W Pistol
Case - Nylon 12, 38 percent glass
Seal - A1S unfiIled,
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BALLISTIC

DATA; F O1 MZ1? i: 3I Mx k LOC VTY I I ME

j IJ0t L NO--? I L

* h-Ot'MNE W--?et'
34#5 -1.2 5,4%2 3ý4t 44.(7 TMS 300432

SV. r

LSI TO LS1• 342 0.1 gm
F3 TO LS2 3i428
h0OUN• NO--783

LI TO LSf 258P
P3 TO LS2 2959
IOL'N D NO--?84 1In hire

LS I TO LZ.
M3 TO L52
itrLND NO--?1B Hangl5ru

FL'LNI NO--?Tb

-1.- .94 2600 P,. 0.0 30

LI TO LS. 191J
M3 TO LS." ",7,•
mOtNo MO--?f07

S -. 5 4*34 3S~Q 5.31

IS1 TO LSP 3017
P3 TO LS,2

, -, •, 2600 4,7
('? ' C 4' .3

LSi TO LE2 11'1b
P3 TO LS2 2E24
TOISNL NO--?7,9

-. 1 M~O tO

LSI TO L.2 1951
10 TO LS2 f:194•
MUtNL, NO--?911

.2 =. 31( 32
B. 7) c . 69

U1I TO LS2 3243
M3 TO LS2 3175

hOOUND) NO--79|
58.8 -,3 ale) 4.9 1

LSI TO LS0 3243
PO TO L.S2 3175
1oL'ND NO--792

55.4 -. 2 , 4, f 297V 5.18
Eg.76 L.9c

LSI TO LU2 3q69
P"M TO LSe 2987

-ory AVAILABLE TO MOG DOES NOT
PENT FUULY LEIB.LE PRODUCTION
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DiSCUJSSIONt The cartridges were originally assembled with 0.15 gram of
ignitor TMS300432. ballistic action times recorded with
rounds No, 81 to 85 ware not less than 26 milliseconds (meec).
The latter value exceeded thn sampling time for the data
acquisition system and no data was recorded. The remaining
Ignitors were down loaded and the Ignitor charge was Increased
to 0.30 gram. The action times foi- the subsequent tests
averaged 5 mi lliseconds and re~iultad In blowbý performance.
The magnitude of the blowby pressure was approximately half
the pressure normally observed without the deterrent coating,
The magnitude of the blowby prersure was not reduced
sufficiently to provide the desired ballistic performance.
The most uniform performance was observed with allI thea surfaces
of the aft charge coated.

CONCLUSION: Surface deterrence of the aft charge had a beneficial effect
on the ballistic performance by reducing the magnitude of
blowby. The TMS300432 Ignitor was tco brisance for the
preliminary evaluation. Subsequent tests with deterred
charges should use a block powder Ignitor,
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25M4 PLASTIC CASE
AMMUNITION DEVELOPMENT•,•S/M. /;Z

DA "YW/

OBJECTIVE: "Ta Oj="u.rE ti4, E-'- lF sPr-2u4.U. •JL--
_•_e "b-r.in• C_ i••f,'c. 1'mAF.4,A4A~c,

Test Fixture: IIT TM JIJA R _IA.
Cartridge Case: Dwg. No--SK3l--- AI), , Rev. , Hatl'] iJY ..OJ 21 , ,s w87 .

Dwg. No. , Rev. - 1at:ProJc~lle: Owg. No. 3003r'aRe A, Plast--T[nd, 3"1T •.
Primer: Type: l.is , Lot No .. Mo.__.__,_N_
FlIash Tube: J U P Spec I, a I & ct o -
ProjectIle Retention: .ATTz, 0_._Mil Mylar,

Ign ~hi~ ~ S - -99=Ign i tor- . .. .4 A
Propel /7 Lot Noa

Aft Charge Lot No 7 .
Insert IJ Lot No. ', :_4_

'-- - T-"u

ROUND PROPELLANT WT (GRAMS) TOTAL PROP, WT IGNITOR WT

-. - (

64 1/-

05 74.2 44,9. X .

96,t, 4" -6 /367,. 0,50

IL L., . 44,? - ... ..... ;j a __ ,__ __

JO/Ii NO. 4-5-
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TEST ARPONrrII

SERIAL NO, 15

OBJECTIV[I To select a baseline black powder Ignitor for surface deterred
aft charges.

RIFERINCE: SIN 12

EACKOROUNDi The tests conducted In Series S/N 12 with selectively deterred
aft charge surfaces Indicated the Ignitor TMS300432 was too
brlsant. A black powder Ignitor was recomended subsequent to
preliminary evaluations.

"Black powder granulations Class 3 and 6 were selected for theae A
tests. The black powder was Identified per MILLP-223, The aft
charges were painted with the neoprene deterrent on all surfaces,

Ton rounds were assembled wlthi

Forward Charge "5479 Propellant
Aft Charge - 8446-9 Propellant
Ignitor . Block Powder, Class 3 and 6
Retention 40/10 NC/Mylar
Primer . 32 SAW Pistol
Caell Nylon 12, 38 percent glass
Sea) AID$, unfilled

1210
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BALL ISTI C
DATAi P1 1AX P2 MAX P3 MAX VELOCITY TIME

MOUNI) NO--?99
56 -,8 4.32 3357 5.53 NP Class 6

P) TO L52 2869
FOUND NO.-?100

50.7 -0;1 6.1 2730 6.18
62.37 0 8,46

LSI TO L52 2770
PO T0 LS2 2737
ROUND NO--? 101

38.2 *I 3. lie 1669 13.A9

2.52 TO LS2 1866
P3 TO LS2 17II0

FOUND NO--? 102.k

.0, '5.7 2 3033 7.8 1 a P Class 3
75-04 1.38 40

LSI TO LIS2 07131
P3 TO LS2 3824
FOUND NO--?2163

58.7 4.98 3199. 5

1,51 TO 1.52 324
PO T0 LtSP 1206
21C1UND NO-.110t

LS1 T0 L.Sw 1406
P3 TO L$P 'It"I
ROUNDi No--? 0b

37.7 .3 26bO 7.18
37.5 2ý. p

L.81 TO LSW. 1177
P3 TO LSP 2441i
hOUND NO--Il Of

99.9 .11 6-07 3 1360 7.31

1.51 TO L52 3910
P3 TO L823669

......... .....-------- ...... ... .. . . . . . . . . . . . . . . . . . . . &,~..



I1

DISCUSSION: Black powder Class 6 was evaluated In rounds No. 99, 100
and 101. The test results Indicated that Class 6 was not
a satisfactory Ignitor. All the charges produced blowby
performance. The Incorporation of a mylar strip inside the
aft grain increased the Ignition delay and delayed the
retainer release resulting In a long action time and violent
blowby.

The decision was made to evaluate the remainder of the rounds
with Class 3 black powder. An Ignitor charge weight of 0.75
gram was evaluated In Test No. 102. The resultant ballistic
performance Indicated that this cartridge had a satisfactory
shot start cycle but the 99 Kpsi pressure Indicated that the
projectile stopped or hesitated at the barrel. A repeat test
at 0.75 grAm charge resulted In slmilar high pressure
performance but blowby reduced the velocity to 3200 fps. A
reduction In charge weight to 0.60 gram produced a similar
effect as a reduced charge weight of the Class 6 did on
performance. The action time Increased slightly and the
velocity decreased, This behavior was Indicative of a
projectile stop prior to barrel obturation -- a situation
observed In the GAU-7 shot start development program. The
behavior Is a result of Insufficient Ignitor energy to propel
the projectile and ignite the propellant at the correct time
In the shot start 4equence of events, A test with the mylar
strip has similar low performance results due to delayed
projectile first motion (late retainer release).

The forward seals were ejected from the test fixture.

CONCLUSION: Class 3 black powder was 5electee as a baseline Ignitor for
deterred surface exparImnnes, The charge weight recommended
was 0,75 t 0.05 gram.

The cuate for the /:xcesslve chamber pressures was the result
of stop mode performiarce. The propellant RQ selected for
tisii cartridge was based on nonstop GAU-7 ballistics.
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2I1iS PLASTIC CASE
AMMIUNITION DEVELOPMENT S/N"

'ATt~

14OIJECTIVE: a- ~ U4~~~U J~ to.~lt 'Skj 4rra-..

Test Fixture: IITAI,0r ., RiA.
Cartridge Case: Iwg. No. SK 300460, Rev. , mat': NILCýNJ Z' 3867544..65

Dwg. No. ,.Rev. , M .t I " -
Projectile: Dw-. No. 30037 i-ev. A, Pia..t=L Sand., 3 -C nl'7
Primer: Type Pbl5T-. , Lot No. , No... . . .
Flash Tubes Q1 '3Special, . .3/A ab^
Projectile Retention: • HrIOW 6 M1 Mylar,Ignitor. A127 r-ea• A) • m< -••s "

Propel lant: une'r"Lot No,* Z -
VIJV-•Aet Char Lot No. ,=

Invert Lot No 6.

-°. 1. • '•--

'".7PELLANT WT (GRAMS) TOTAL Ow. W" IGNITOR VROUND.-.. . ... . .... ..

-,7j

2g 0__ 14'Zo _47r _

"" A4•' ";--

'm~L*... 'IA _.........4

__ __ 9 f. ,,A•,,• _ _ __-- ______, __ . _<_,____-_-

_ .____ ______3 ,#'o -_-- .. .... .,,. .

4- 'Xd~
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MUNN

OPTION FOR Ps IaRR OaPINAXa
DISTANCE TO FIRST LIGHT 60R1EN?10
DISTANOC BETVEEN LIGHT SORZENEW81
KeRAD IsYEs 21NO7

Pi MAX Pf MAX P3 MAX VELOCITY TIM lo.se Pets
O llm lie .n .me...... gec .m em m -m.......... em a C m..m..em a

ROUND NO".?i J•rRN86 ",1 3.0 56114 546 6941 .569

6404 0 7.63
LiI TO LIN 1656
PO TO LII 1513
ROUND NO--?9999

STOP AT LINE 240I
i NmADY

BURNNH

OPTION FOR PI lIRx IUPIMAXi
DIETANCE TO FIRST LION? 5CR12NO7158O
DISTANCE BETWEEN LIGHT IORSUNST?9.33
"KRAD aIYSI iINO?

P3 MAX Ps MAX P3 MAX VELOCITY TIME IlE* POE.
.mcmmle~mmommmimmmmmmeacmeeemcmm mmmmmee ceemccccin mee mmccc .m e

ROUND NO-oett
4846 -. 9 4016 3435 5.1s 9.N0101o-83

53.69 I .6

LII TO LIN 1410
P3 TO LlI 1431
ROUND NO-eoe999

STOP AT LINE 1il0

RADY
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I" PLASTIC CASE
AMMUNITION DEVELOPMENT

EINGR /6

Test Fixturei IITRI, gbffjDl~l , HIA,

Cartridge Caset Dwg. No.KO, 3K |004650, Rev . Mt I% .
Dwg. No. Rev. , MatlI

Projectile: Dwg, No. 30037, ReY, A, Il n" nd, 3 Gran.Primart Typ*RS. o(- , Lot No.. o.
Flash Tub.: = W•.- -Speclal, , , 4. .
Projectle Ri te. tion 41• lMylar,,,Ignitorl I{u. soa a 1|l t .M - ,
Propel lant MFo Carg's Lot No. "

Aft Charlge~j LZ LotNo_________- , nrtLot N0o._____________

" ROUND PROPELLANI T WT (OR MS) TOTAL PROP. WT IGNITOR WT

NO. Iw ON-AFTI OAS(M N1Jl

L./1 .. LL. .., A4Ž-, L -___ ___/,, ___ . ... ____,

..-- .L_ -- - - -•.. . __ii I I

/1-/ • ,; 45T _ /• d,7 ___, ____.

-/ .. a•• :/ - . • , . ...~ 1/3 i~7 45.~ __ _

s t t . /J- -

)i I'FORM NO . " 55•-•; 81

, 226



OPTION FOR P2 IuWR BuP2MAX72
DISTANCE TO FIRST LIGHT SCREItN?3?S83
DISTANCE BDMIENr LIGHT SCRLLNSt.833
H-RAD haYzS Io0M?8

PI NAMX Ps MAX P3 MAX MLOCITY TIME B.E, PE.e
- ............ O.. ........................

ROUND NO--tIll Fwd Chg
66.3 -. 8 9.12 3728 86.6 a922 .L61
4.74 s0 E472-1

LSI TO L.S2 3659,

N TO IIS 3715
ROUND NO--?-ll 0.75 gm

64.8 -. 5 8.61 3718 6.Se o29 .924393d I S

1I,6 TO Li3 3659
P1 TO L$9'3715
POUND NO--?Ill

34,8 -"3 2.56 1827 1l.2 50999992-413o153
57.16 a 5o59

L31 TO Lei 1534
PO TO 1.53 1026

ROUND NO--?t11
64.4 -.2 5.64 3276 6.42 .117 .189
76.73 0 1.43 $473

LISI TO L32 3343
P3 TO LeS 3297 0.7S gm
ROUND NO--0 113

se5s -.1 5.69 2922 6.35 .014 .175
79.53 i 3.86L..t TO Les 2 912

P3 TO L5I 2990
ROUND NO--?114

8709 .9 8068 3974 6.42 .105 .903

Lit TO LSR 4549
PO TO LII 3987

227
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ROUND No--?1 IS
34.8 .2 3.06 2129 9017 * 1000,9|3

.147 95463,
61.65 .52 7.853I.5 TO 35 *105 

0.70 pF3 TO 3,52 2125
FOUND NO--?116

U992 *1 2.73 1911 9.51 cosel6es-63
. 142

63.06 .78 8.89
L.J3 TO LS2 1927P3 TO L52 1.914ROUND NO--? I I?

72.7 .1 $,6 3677 8.96 #1022 .211
1396.03 9,86 1.1 5

3.53 TO LS2 1659
PO3 TO LS2 .

jd

ROUND - 88446-9
73.8 .2 10.46 3633 22.63 .123 o225 0.475 p'118.68 3.62 0

LS3 TO LS2 3781
P 1T0 LS2 3824
ROUND NO--?719613.5 ,2 1,83 3702 9.03 .022 .252 0.80168.77 1.85 .01
LSI TO LS2 3659
P3 TO LS2 3695
ROUND NO--?126

32.6 .2 3.48 1988 11.16 6.666661-13 0.80.137
71.97 2.39 13.5

LSI 70 L.S2 1995
P3 TO LS2 1989
AOUND NO--79999

STOP AT LINE 2000

READY

228
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APP PLASTIC CASE
DJUWINITION DEVELOPMENT

DAr

OBJECTIVE: T ~ ~ Te ~ -OF baegriees 54~q 4rr

Test Fixture: IlTRi. UUgflg , RlA.
Cartridge Cases Owg. No. SK 30060, Rev. * Nat'l0Naw # 58' QL4A5'

DOM. No. _____ ev. N at'l
Projecieo g o 3000t7, Kev A, Plastic mnd, 3 "Trar. wo ? ,
Primeri TypeqmiNjjg_, Loi; No.~ CcX4WA(-'
Flash Tubas 3UVUpcal,
Projectile Retention gig Mylar=

Prepla 11r Lot NO.
AtChaerge Lot N~o. ~ 41Ja

1.1. ~ ~~ ~ Lot No. ~ JNid

AWDPROPELLANT VT '(GRAMS) TOTAL PROP. WT IGNITOR WT

t4___ A of

47-0a 44,o

ILL.. 4r .. 4L ..... r3

-4f-
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IUJNNN L IL

OPTION FOR P2i I ORR 2mP2I4AX?2DISTANCE TO FIRST LIGHT SCZREEN737,583 9
DISTANCE 8RTVEEN LIGHT SCRZrFNS??. 833

P.,RAD ? PY&S go@N0? P

P, MAX P2 MAX P3 MAX VELOCITY TIME 3.. Pe, R.

ROUND NO--?121
57.1 -3.3 8041 3603 26.27 .621 .257 8472.144.61' 0 is0•

L31 TO LS9 3546
PO TO "2S 3593
ROUND NO--?129

65 -. 4 6o7 3628 .8.26 .81 *944
996.69 0 6

L51 TO LSO 3569
PS TO 1.52 3613
ROUND NO--?123

6005 -03 ?.6 3673 36,99 ,021 0443

1I.5 TO LS2 3659
PO TO L5$ 3613

ROUND NO--?124
72.6 -o2 9079 3677 23.66 .062 .919 5473
148,6 aq i 6, ?2

LSI TO LS2 3791
PS 1O LI.S 3695
ROUND NO--?12•

880-4 -o2 '7.35 3916 22,63062IS4 ,196
123037 i0 a

1.SI TO LS2 3910
P3 'To L32 3915
ROU~oNDN- -? 126

7803 -01 7,s2 3671 6.9 6822 .195
99.44 a 1.32

LSI. TO LS2 36591•0 10 L39 3674
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FOUND lb..1? II

10 T LIN 0646

iO 'TO Los 3116

Ma d Ga. 1 91

9*S9 to7 L4.4 1441aa 44.
1I 106 4130 2163 6119ol

up0 110 Ltioe67

LIl To Letalso9

75 ?I 7.00 seill60

Itie3409 11
T 3119
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LI. ..... ;d .- P.I 25MM PLASTIC CASE

AMMUNITION DEVEL4~M..i

C4rr,- 2A" -.- •. "rE NB,-R.•E-.€ •t••< •-/ -,

Test Fixture: IITRI IJNi VER. - • -
Cartridge Cass: 004h Rv. ,Mc ~ A7~ *• .• ._ •..,ev. ,Mat

Projectile: t g 0.N .10OO , e'TA, P16 nd. 3009 Grain.-.N O

PHr .ir. t No .. No. n ,f kFlx ,T!e 4 ]aSpecial,
Projectile Re 971: 6 ylr
Ignito Urv s o

Ptopeliant: w argo ~LotNo_ _______

Aft Charge - Lot NO._ _ _ _ _ _

Insert_______ __ Lot NO._________

REMARKS: Phil-I NJ i~r, ne A;= gt.j T

RUDPROPELLAN4T WT (GRAMS) TOTAL PROF. lIT IGNITOR lIT
VN.FDAFT IMAMS)

ROUND 

I_ 

__

--JAi! i

FZa. NO 5L_58
POR NO. FDAIN R(I256

/s• •.,_ //., ,. " , .2.5,-

i• s ,/.. #•. q,, ,I, .



IPM~ PLASTIC CASK
N4IWNIVION DRIVLOPI4INT

GWIJCTIVIR &^ I

CartrIdge Caset 04. No, K JDOW. Nov. No ( it)~
Ne. o. * ev___ Matll____

Projeogllen Dw .V' e. A, Pla1s ic and, 3000 Braln,
*Prlmri Te iLLot .... o.~~p-

Flesh Tup 11
prol s Ie RaI lo"a 11 Mylar, J
Ignot oroLor7" '
Propel Ian Fa~eahers L:t N. .mn

lns erts Let No.

RKMARKS~ *1A1o-Z iLrOoAt

ROUND PRPLANT WT (OA4 6) TOTAL PROR WT IGNITOR WT

d0 2tL. -

7 ';L -__

i~~7 40 _______S

FORM NO. 64-555-61
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3501M PLASTIC CASE
AMMUNITION DIVILOP14INT

95JICTIVE: 61 PM, &wLpit mags -D I - I

Taest Fixture: IITRI.q!E. .
Cartridge Came Ng. a 604S Rev.-, matl .Nia.a•fat & •%41A$i5A

Dwg. No. Rev. Mat T •
Projectile: Owg, No. 3007M o, eV., Plast-c alnd, 3MO Grain.
Primaer Type..-..-. , Lot No. No,
Flesh Tubat 4 1  special,
Projectile Re ention: 1 k IINtmlr
Ignitor: t se ar... . . .
Propsllit Fwd cIag. l-n t..., M Ca o._... ..._ .

Aft Charge Lot No.
Insert__,.___ ,_,_-_ Lot Nco._ _ _ _ _

•" .... IKARKIt

NO. - FWD- -- -.....-- - .R A.

F UI P IR O P E LL A N T W T ( 4 AS ) T O T A L P R O P .W Y 
1 0 N lT O lR V T

N4 AVFT L

P1 . 7 d3

FOPA NO. SG-5S5-81

...0

•._ • •¢ V*:.,. .. . ... .... .. . . . .



ISM0 PLASTIC CASE
AMINITION DEVELOPMENT

Test PIfIxt.: IITRI. UUIVgftIAL, AlA.
Cartridge Case: &4g. No. SK 30060, Rev. Nat'l

Projesti let bei No. 300$si, iv. I. Pl~astc 1nd, 31Wra0 .
Pri~ert Type,, Lot No.
Fla"h Tuba, 315gwS. wtaipe.
Proect sIa Rakntlen: 11TTlae7Ni

Igfl atlr____________ 110J4I Mylar. Lot NO

RUDPROPELLANT WT (mMs TOTAL PROP. WT 10NITOR VT

No AFT I~ m M .nULi

X_ _ _ s

~~=Mumm_

FOm NO. 64-555-SI
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OPTION FOR P2 IuRR 9mPUMAX?,
DISTANCE TO FIRST LICHT SCRZEN?37*.50
DISTANCE BETWEEN LIGHT SCREZNS??o,33
X-RAD IvYKS BeNO72

P1 MAX P2 MAX P0 MAX VELOCITY TIME D.E. Po.s

?ARC AT LINE 590

READY

COT0 230
IRUND NO-It64

7ARG AT LINE 593

READY
•ii,.i•, :..OOTO 93I !

BOUND NO--?164 ? 9391 6,9? .310 -31.26

I16.69 4i.924
1.11 TO L3S 9912
,3 TO LSO 2895

A so5 -.9 6,94 9758 6.9 #fig .119

.II TO L-$ 97'7
P3 TO LS2 2760
ROUND NO--?166

39.7 -6. 5.3 2331 6.9 9.6@0606ot0

.577.17 0 10.64
1I.1 TO L•S 2393
PC TO LS$ 2399
FOUND NO-- 167

59.7 .,2 7.33 2987 6.63 $IA4 .169
61.94 I5.76

LSI TO LS2 2986
P3 TO L32 2987
ROUND NO--?168

49 -. 1 6.95 2567 6.63 111 .Is5l
76,81 0 1110o

LSI TO LS2 36•2
OP TO Ls2 2586

"I,

262
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ROUND NO?-ist
$a01 *. 661117 $Ila $is$.1LI75.64 69696

LAI TO Lee 2785
KOUND NO--?17043.5 -.1 6.39 3691 71.1 01 .16Gi
LAI1 10 L32 3535~,jI a d to L32 2A97
ROUND :O-.IATa
j 6.1 -.a 7.44 most 6.-76 6412 .153'76.0 311.38
LSI TO LSI *639
~TO LSI 2606

M omo-71172
$is$ woo 6.65 3716 7011 Oslo .166

ROUND N0O-?17334 -Sol 3.97 1436 6ets 3.6Iiigg9-00096
20069 5#6

LAI T 1,32I 1713
PCI TO LI52 1461
ROUND NO-.?174

4 4 .9 -.55. 4 40 7.73 9086 66t.0- 3
74.43 I14.66

03 TO LI90
IWUND NO--Yi76

ROUND NO..71'?

36.1 768 9.57ma-

LII TO LSO 1723
PO TO LII 1491

STOP AT LINEC 3116

ACADY
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INITIAL DISTRIBUTION

Hiq USAF/SAMI1
liq AFSC/DLCAM
APML/DO/MtIC1
ASD/ENYS

AUL/AUL-LSE-70-239 1USA Vpns ComdBallistic Res Labs/ANdXBR-TB1
SARPA-TS1
USN Wpns Lab1
USN Wea Ctr/Code 533 2
Nov Air Sys Comd/Codo AIR-5323 1
Battelle Memorial Inst/Rpts Lib I

Comdr/Nav Spns Ctr/Code 51102 1
TAWC/TRAOCLO
APIS/INTA1
A)OATL/DLOSL 2

ASD/ENYEM$ 1I.Ogden ALC/t44NOP 2
APWL/LR 2

Af

279
(Ilia reverse of this page Is blank)


