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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 COMMANDER

- ALFRED D. BROWN, JR., Colonel, USAF
Chief, Guns, Rockets § Explosives Division
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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 25mm 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
ammunition 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, (iii) 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 25mm 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 minimuia ammunition envelope.
This section discusses the major technical consideration. in the design anc
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,
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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,

(¢) Contain a means for propellant ignition (primer).
{d) Provide a breech secal.
(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 ir 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 scften ‘
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
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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 enviromment.

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 -659F to +1600F, to protect caseless
ammunition from the effects of humidity and to provide sbturation 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 eavironmental 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 -65°F.

However, satisfactory ballistic performance was only obtained at ambient
conditions.
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SECTION II
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e

DESIGN DESCRIPTIONS

2,0 General,

- PEHCEPENE

N 4 The 25mm plastic cased telescoped round of ammunition, the cartridge
R : 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.

i The round configuration selected as a baseline was a GAU-7/A cartridge
il 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-

B tainer, a nitrocellulose outer shell, a combustible primer and a 3000-grain,
?Q plastic banded projectile. The GAU-7/A cartridge is shown in Figure 1.

The plastic cased cartridge replaced the combustible outer shell with a

l
éz, plastic material and the combustible primer with a conventional metal primer
i as shown in Figure 2.

o i il

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 -65°F. \
It was necessary that the cartridge chamber without damage. The maximum ' o
outside diameter of the combustible case was limited to 1.595 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 chanber 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 Cartridge Case,

The unusual designs of the ammunition and of the chambering and extrac-
tion features of the Rock Island Arsenal gun permitted a cartridge case
desigin (Figure 3) with a uniform wall thickness. As shown in Figure 4 the
molded propellant provided internal structural support and the telescoped
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projectile eliminated the cantilever loads normally encountered with con-
ventional cartridges.

e The most severe structural environment for the cartridge case exists
in the gun when the round fires, The body of the casc must rapidly expand .
to the chamber wall and provide a high pressure. gas seal against the cham- 5
ber. With conventional ammunition, 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 sealing occurs at the chamber wall, Premature gas leakage will

SO erode the chamber, bolt face and possibly damage the receiver.

I

The expansion of the cartridge case must take place quickly (usually
less than one millisecond) under a rapidly rising impulsive load
(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
casc wall or the head at the primer aperture, Whether or not a metal in-
sert 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 fullures 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.

B e b i B s s st 5 5 i Bt T e e
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Both filled and unfilled thermoplastics were candidate case materials. [
The glass filled materials have adequate mechanical properties other than
5 being generally limited in elongation to approximately five percent at
: failure., Unfilled plastics have adequate elongation but inadequate tensilc
‘ strength. These properties directly affect the cartridge/chamber interface.

O PR P S

The chamber clearance problem is aggravated in automatic guns as a re-
sult of thermal expansion of the chamber and the necessary tolerances to
pemmit 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
oL 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:

o

P

i (a) Generally unfilled plastics display a large hysteresis
i when unloaded rapidly. The material returns to an inter- ]
' mediate state of deformation, relaxes and slowly creeps %
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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 gun. 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 compariscn was
Huls 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 (Thermofil ® 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 Hytrel ® (DuPont 6345)

Natural nylons 11, 12 and 6/12.

Note: For suppliers see Appendix B.
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A thermoset epoxy/glass fiber composite case shown in Figure 5 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

t 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.

BEARE et ok i
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Both the injection molded thermoplastic and the epoxy/glass thermoset
cases were & 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 amd 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,
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The tapered wall case for the push-out extraction principal has the
potential of fewer extraction difficulties. Provided the case wall is

i sufficiently stiff, a portion of the extraction stroke could be used to
; free a bound case from the chamber wall permitting relatively low extrac-
i 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.
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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

i geometry with a flat bottom and a relatively sharp outer corner and a
6.060 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 designirn
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 i
breech to chamber parting line must be selected commensurate with other ..:
requirements to provide the minimum width gap for the case to span. Thas
i parting line should be located and sized such that the minimum gap can b
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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 § Wesson (S8W) long, rimmed, straight case to house the
ignitor and primer (Figure 6). This was necessary primarily to overcome
any primer retention problems in the initisl! stages while other areas of
the case and the cartridge ballistics were being evaluated., The primed
caliber .32 S&W 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 preisure expanding the S&W cartridpe
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. Discontinuitles 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 portim
of the case near the head. Sealing is, therefore, facilitated if the case
wall in this area is a minimum thickness. Therel.re, a smail or zero tupt+
in wall thickness is preferred. For these reasons the initial Brunswick
case concept utilized a nearly constant wall thickness,

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 illustrated

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 tu 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 ths 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 a8 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 betweesn 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 case wall, To effect a radial seal, the junction between the
seal ard the case vall must be maintained under the forces exerted by the
rising chauber pressurv. The configuration with the seal attached to the
outside of th> case requires tni. the case, when pressurized, carry the
seal to the chaiher wall. The concespt with the seal on the inside of the
cases requires thai the seal carry the case (» the chamber wall, Thie
mechanical movement requir.s that the seal material posse.s wechanical
properties that are similar to the case material. A stiff metal seal, for
example, would cause case failure at the seal junction, Metal seals were
not anticipated to be satisfactory but were evaluated for baseline compara.
tive purposes.

An alternate concept of seal positioning was evaluated. The mecha: su
was based on the early portion of the shot start cycle utilizing the io:r-
ward motion of the projectile to force the seal into position, The inside
diameter of the seal was smaller than the outside diameter of the projec-
tile to ensure that an interference condition would exist when the projiec-
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 £ 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 Figuve 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
vith 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 desired 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
transducoers recorded the pressure-time profiles at specific locations in
the fixture. Pressures can be racorded 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 fixture
design selected for this evaluation was based on the sliding chamber siceve
concept developed by Rock Island Arsenal (RIA) for the AMCAWS 30 cartridec
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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
fixture is shown in Figure }6.

2.4 GAU-7/A Program Bxgerience

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,
(11) 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, with
the environmental conditions and with limitations imposed on temperature
and humidity, could meet the performance objectives, A revised performance
specification was suggested by Brunswick at the conclusion of the CAU-7/A
program with limitations on temperature and humidity as follows:

(a) Muzzle Velocity. The mean muzzle vélocity shall be
4000 * 388 feet/second from 50°F to 90°F, A minimum
of 65 percent of all rounds fired shall be above the

minimun 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 +160°F
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
% and o, except below 70°F,

(¢) 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°F, For temperatures
above 80°F, the mean action time shall not exceed
10 milliseconds and the standard deviation shall not
excead 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: -809F to +160°F (protected
in shipping container)
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H (2) Feed Bay Temperature: -65°F to +160°F
g (24 hours continuous)

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

The anmunition muzzle velocity, after exposure to the
induced environment (temperature range -20°F to
+120°F), shall not be degraded more than 10 percent
from the low value specified in paragraph 2.4 (a).
MIL-STD-810B, 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 -20°F and -65°F,
no individual round shall be below 2000 ft/sec. The
mean value for all rounds shall be above 2600 ft/sec.
Between 120°F 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
i 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
i cycle. This cycle 1s 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:
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(1) Temperature

P

(2) Humidity

(3] TI'ressure
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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 bard, and propellant
ignition. Elevated temperatures (120°F to 1600F) accelerate the ignitor's
reaction rate, ignition, retainer release, and the projectile engraving
process. Low temperatures (-65°F to 209F) 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. Retarding propellant ignition
at an elevated temperature but not a cold temperature is a major problem.

One adverse effact of elevated temperature (120°F to 160°F) on ballis-
tic performance is characterized as propellant blowby (PBB) and typically
results in low muzzle velocity (2000 fps), short action time (4.5 ms), and
moderatly high chamber pressures (45 kpsi).

Low temperature (20°F to -659F) 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
700F to -650F, This type band does not provide sufficient resistance to
projectile travel at engraving and the projectile continues into the barrc!.
The characteristic performance is a range in action times from 10 to 18
msec, low muzzle velocity (2000 fps), and low chamber pressure (20 kpsi).

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.-
tic performance because the heat of vaporization becuomes 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 conpl:
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 ..os
the primary role of moving the projectile to the barrel. It aulso 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
s are required to provide stable combustion. Factors in the cartridge and
P, gun that influence the rate of pressure rise will directly affect the
ok 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
CAU-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 ldentified 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 900°F, 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-

i 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 [reater

; than the nominal 0.020 inch gap at ambient temperature,

: This increased gap affected the gun chamber seal obtu-

ration and the ballistic performance.

TN et BT LR R

3 ‘ (b) Seal Leakage. Gun seals were incorporated at each end
: i 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 ¢. 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
ﬁ ~ function of chamber, receiver, and seal temperatures
A as well as initial clearances due to tolerancing.
N Because of significant differences in mass and heat
by 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
2 150 rounds.

- ‘ The ignitor components of the shot start cycle will

k- tolerate small changes in leak rates but, because

- their thermochemical properties are pressure depen-
i : dent, seals that fail to close have a significant
g 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
tomparature extremes of -65°F and 160°F and the multishot gun variables
associnted with thermal growth and leaking chamber seals, It was believed

that solutions to these problems could be achieved through design changes bé'
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 molsture-proof cartridge
but resistance to the humidity environment will be improved. The plastic

cese will reduce thermal heating of the chamber that will result in closer
dimensional 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 flush 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 studies to be conducted under more controlled conditions,

3.2 Development Test Plan,

Tho test plan was directed at establishing the cartridge configuration
for the 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 Munn burrel tests were planned to observe the
effects of temperature, humidity, propellant and hazard environmental ex-
posure on the ballistic 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, (ii) the booster composition, (1ii)
granulution, and charge weight, (iv) the primer type, (v) the cartridge
case material, and (vi) the cartridpge 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 544C
. from Canadian Industries Limited (CIL) 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,

R i ercanrond e AL

i - Ballistic tests (See Appendix C, Test Serial Nos. 1, 2, 3, 4, 8, 9,

g ' and 10 (55 rounds]) were utilized to establish the propellant charge re-

quirements, The test series resulted in a complete spectrum of ballistic

u 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 shead 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

perfornance 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 performance 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 propeliant and that increased muzzle velocity variations would result

at elevated temperatures with high RQ propellant, A compromise charge wa<

selected to assure as wide an operational temperature range as possible.

The baseline propellant charge was established to have a relative quickness

at 98 ¢ 2 percent and an average charge weight of 130 £ 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 thc ten best tests

utilizing baseline components are shown in Table 2.

TABLE 2 - TEN BEST TEST RESULTS

i ' Chamber Muzzle Muzzle Action
; ' Pressure Pressure Velocity Time
(KPSI) (KPSI) (FPS) (MS)
x 55 7.0 3890 )
g 5.3 0.9 140 1.7

A typical pressure-time record is shown in Figure 17.
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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 gram 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, 5, 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 ~&d, The baseline ignitor charge weight selected was
0.75 £ 0.05 gram of Class 3 black powder.

3.3.3 Primer.

3.3.3.1 Plastic Frimer. The devclopment of the plastic primer was
limited to ball drop sc.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 cemjo-
nents were designed for ease of manufacture and for convenience in evaluat-
ing the critical variables associated with initiation energy, primer nix
composition thickness and cup dimensions. No attempt was made to retain
the firing pin or to recess the primer in the case. The results of the
evaluation demonstrated that a plastic primer would withstand the primrer
mix explosion and provide directional control of the output jet of gas.
The initial energy was shown to be dependent on the anvil hardness, mix
thickness, and firing pin travel distance. The anvil material sclected
was nylo: 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 0.050 inch. The plastic primer demonstrated that the initiation ener.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-d
with caliber .32 Smith and Wesson brass cartridges. Thesz cartridges con-
tained pistol primers. The gun tests showed repeated occurrence:. of pr mer
cap perforation. To eliminate the hole in the cap, small rifle priver:
were evaluated. Two energy levels were selected - the stuil d ~mall - fle
primer and the magnum small rifle primer. Both rifle primers weie manu
factured by Cascade Cartridge, Inc. (CCI) and were identified as No. 40¢
and No. 450 M, respectively,
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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-
furmance 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.

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 (PuPont 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 -65°F 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 & 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 (S8W)
cartridge and the open end of the shoulder supporting the cartridge in the
case head, The failure is shown pictorially in Rigure 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
SEW 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 Serial Nos. 1, 2, 3, 4, 5, 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 tempcrature 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 cach of the cases was extracted without difficulty
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Figure 20,

Typical DuPont 77G43 Case Failure
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from the gun chamber. Cases of each material were evalusted in the uni-
versal test fixture, Typical Huls 1938 cases before and after ballistic
expogure are shown in Figures 23 and 24, respectively, The cartridge

cuse bohavior in Figure 24 was typical for peak chamber pressures up to
3,000 psi, Peak pressures in excess of 80,000 psi would result in plastic
Llow of the seal into the gap at the chamber/barrel interface as shown in
Figure 25. The Huls 1938 material was demonstrated to be compatible with ]
the ballistic environment at -65°F as shown in Figure 26, Based on the <
results of these evaluations and the supply of the raw resin material, 3
Huls 1938 was selected as the case material for the delivery ammunition,

Cartridge case crush-up oxperiments 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 cuses extracted for examination. The
cases 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 forwurd 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 £ 0,010 inch.

Limited testing was performed with the epoxy/glass cases shown in
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 functlon 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

(KPSI) (KPSI) (FPS) (MS)
48 6.2 3529 4,8

The uniform ballistic performance was determined to be the result of
the projectile impacting the metal seal and simulating the high engraving
loads normally obsorved with copper banded projectiles. The abrupt de-
celer: Lion of the projectile is normally sufficient to trigger the pro-
pellant ignition and the subsequent events that evolve into a desirable
ballistic cycle.




Figure 23, Hiils 1938 Cases Before Firing
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3.3.5 Chamber Seals. The chomber scal invostigation orviginated with
metal seals made from steel and brass, Ballistic performance with the
sculs demonstrated significant improvement and reduced variution when com-
pared to tests without seals or where scals failed to obturate the chamber.
The ballistic results of tests with and without secals are shown in Fipure
30. The performance is compared to GAU-7/A lot acceptance data,

The two seal tests shown were made with identical charge components,
The only difference was with chamber seul. The parumeters that reflected
the seal performance were muzzle velccity and the variation in velocity.
The reduction in ballistic action time from 5.3 to 4.5 milliseconds was
the result of an over-ignition condition that cxisted as u 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 motal seals wore difficult to bond to the cases
and the cases failed at the scal interface hecause of the large dxfferenaes
in mechunical properties between the two materials,

It was determined that pl.stic seals with mechanical properties that
were similar to the cuase material would be desirable candidates as sub-
stitutes for the metal seals. Several plastic matorials 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 (Celancse
Celcon®), nylon 6/6 (DuPont Zytel® 151), 43 percent glass reinforced
nylon 6/12 (DuPont IZytel® 77G43), acrylonlitrile-butadiene-styrenc (Borg-
Warner, Cycopac @) 'and a polyamide-imide (Amoco, Torlon® 4203). The
nylon seals were solvent bonded to the nylon case with m-cresol containing
ten percent by weight Zytel ® 77043 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 cuses were re-
moved from the gun for examination. The seals that were made from nylon
und bonded to the casc with m-cresol were superior to the other material
candidates. Seals failed as a result of weak bond (Figure 33) joints,
configuration, or material properties. The cast nylon seals werc eroded
by the combustion gas and could not be examined. The acetal was also
croded and gave evidence of an early gas leak by the chuarred case (Figure
28). The section of the seal remaining was thermally welded to the case.
The ABS and the polyamide-imide seal obturated the chamber satisfactorily
but the senl was not bonded to the case subsequent to the firing and the
senl failed. Ten percent of the Zytel @ 77043 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 triangle
seal geometry was demonstrated to be most compatible tou the ballistic
environment and that configuration was sclected for the delivery ammuni-
tion,
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Figure 31, Brass Seal Impacted by Projectile
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The interference seal/projectile concept was evalunted hecause of the
metal seal ballistic results, Celcon® was selected for this evaluution
bocause of its high impact toughness. The seal failed to obturate in the
early part of the ballistic cycle because of a poor caso bond and the
tests were inconclusive. A repeat study is recommended with & nylon ma-

. terial,

3.3.6 Cartridge Closure, A 3M Company hoat'senléble'aiuminizcd poly-

‘ethylene terephthalate-polyethylene luminated' £ilm' (Scotch-Pak® 20) was

¢valuated as a closure with the cartridges subjected to -65°F, The un-
supported portion of the closure becameé concave during the cold exposure,
indicating a reduced pressure was maintained inside the case. The closure
did not appear to interfere with the hallistic performance and no dabris
was observed downrange. This material was. selected in u J.5-mil thickness
for the delivery ammunition, .
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SECTION IV
CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions.

(a) The fbasibility of a plastic cartridﬁe case utilizing molded
T _ propellants and a telescoped projectile has been demon-
strated successfully at ambient conditions and at -65°F.

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

(¢) The feasibility of an all plastic primer has been demonstrated,

(d) The chamber seal has been observed to have a significant effect
on ballistic performance and a compatible plastic seal has

been demonstrated successfully at peak chamber pressures up
to 80,000 psi.

fo . o (e) The manufacturing feasibility of a zero draft, injection molded
o 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.

LT TR

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

ejection has been succesafully demonstrated in a single shot
fixture. -

(h) The cartridge case and seal materials that were demonstrater
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 tenpora-
ture range of -65°F to 160°F.
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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,

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

(8) Re-evaluate DuPont's Glass Reinforced Nylon 6/12 cartridge

cases with the improved ignitor interface design,
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APPENDIX A
25mm PLASTIC CARTRIDGE ASSEMBLY AND A/AF 25mm ASSEMBLY (GUN) DRAWINGS ’
Figure _ Title A 
A-1 25mn  Plastic Cartridge Assembly . ﬁ.
A-2 © 25mm GAU-7/A Projectile (3000 Grain, Plastic Band) g
A3 Projectile 23mm (TP) Plastic Band )
A-4 25mm Plastic Case
: A-5 Projectile Retainer
A-6 Molded Propellant Charges
A7 25mm Plastic Case Seal, Model A
A-8 25mm Plastic Case Seal, Model B
A-9 25mn Plastic Case Seal, Model C
A-10 A/AF 25nmm  Assembly ,
A-11 Barrel, 73F40044MP ‘
A-12 Pin, Firing, 74B40221 L
A-13 Striker, 74C40222 -@
A-14 Bolt, 74D40223 . i
A-15 Chamber, 74D40224 s
A-16 Bill, Bottom, 74C40225 B
A-17 Bill, Top, 74C40226 . :
A-18 Spring, Helical, 74B40239 @
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Figure A-2, 25mm GAU-7/A Projectile (3000 Grain, Plastic Band)
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SECTION A-A

Figure A-7. 25mm Plastic Case Seal, Model A
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25mm Plustic Case Seal, Model B
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Plastic Case Seal, Model C
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Cammge. -

No.
1.

3.

4,

10.

11.

APPENDIX B

SUPPLIERS

Supplier

Flare Northern
19701 West Goodvale Road
Saugus, Calif, 91350

Teledyne McCormick Selphs
3601 Union Road
Hollister, Calif. 95023

" Smith and Wesson

2100 Roosevelt Ave.
P. 0. Box 2208
Springfield, Mass. 01101

Cascade Cartridge Inc.
Lewiston, Idaho 83501

DuPont Company
Room 24094
Wilmington, Del. 19898

Huls '
Liquid Nitrogen Processors
Birdsboro, Pemn,

Brunswick Corporation
4300 Industrial Ave.
Lincoln, Nebr. 68504

Borg-Warner Chemicals
International Center
Parkersburg, W. Va. 26101

AMOCO Chemicals Corp.
200 E. Randolph Dr,
Chicago, I11. 60601

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

3M Company
3M Center
St. Paul, Minn, 55101

. e g A e s AR ""';‘ﬂ'liﬂ.

N Y
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Product

Titanium;barium Nitrate
Compositions 300432 and 300439

Caliber .32 cartridges

Rifle primers Nos, 400 and 450M

lZytel® 151, Zytel® 77G43,
Hytrel ® 4055, Hytrel ® 5525,
Hytrel ® 6435, Nylons 11, 12 and 6/12

1938 (38% glass filled nylon)
Epoxy-glass fiber cartridge cases
Cycopac® and a polyamide-imide
Torlon® 4203

Celcon ®

Aluminized polyethylene terephti: late-
polyethylene laminated film (Scosch-
Pak® . 20)
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No.

12.

13.

14,

15,

1".

APPENDIX B

SUPPLIERS (CONTINUED)

Supplier

Philco-Ford Corporation
Ford Road

Newport Beach, Calif,

Rilsan Corporation
139 Harristown Road
Glen Rock, N.J. 07452

Thermofil Inec.
884 Railroad St.
Ypsilanti, Mich. 48197

Reichold Chemicals Inc,
525 N, Broadway
White Plains, N.Y. 10602

Irvine Plastics, Inc.
9815 Everest St.
Downey, Calif.

DeBell and Richardson
Enfield, Conn,

80

Product

Projectiles

ZM 30 (30% glass filled nylon 11)

N9-5000 FG (50% glass nylon 12)
N9-4000 FG (40% glass nylon 12)
NG6-4900 FG (49% glass nylon 6/12)

Epotuf ® 37-139 adhesive
Cartridge Cases (Prototype)

Cartridge Case Mold

it oo e ot S e N




Test

Serial No. 1
Serial No. 2

Serial No. 3
Serial No. 4

Serial No. 5

Serial No. 6
Serial No. 7

Serial No. 8

Serial No. 9

Serial No. 10
Serial No. 11
Serial No. 12
Serial No. 15
Serial No. 16
Serial No. 17
Serial No. 18

Serial No. 19

APPENDIX C
TEST REPORTS
Title

Observe compatibility of Nylon 12, 30 percent glass
case with the IITRI gun,

Observe the effect of steel support rings on case
response to the ballistic cycle.

Evaluate Class 3 black powder as an ignitor candidate.
Evaluate Class 6 black powder as an ignitor candidate.

Evaluate ignitor TMS 300432 and the effect of brass
seals on ballistic performance.

Evaluate an epoxy/glass filament wound cartridge case,

N I
. Evaluate Celcon® (Acetal) as a seal material candidate. .

Observe the effect of the interface seal concept on i
ballistic perfoermance,

Evaluate Zytel ® (DuPont Nylon 6/12) as a seal material
candidate. E:

Evaluate Torlon® (AMOCO polyamide-imide) as a candidate
seal material.

Observe the effect of an interface forward seal on
ballistic performance.

Evaluate the effect of aft charge surface deterrant on
ballistic performance.

Select a baseline black powder for surface deterred
aft charges,

Observe the effect of deterred aft charges and different
forward charges on ballistic performance.

Observe the effect of deterred 5479 aft charges and
different forward charges on ballistic performance.

Compare the computer data acquisition system to the
tape deck/visicorder.

Effect of different primers, plain pistol versus smull
rifle and small rifle magnum.




TEST REPORT

SERIAL NO. | ’

OBJECTIVE: To observe the compatibility of the Nylon 12, 30 percent
glass case with the | ITR! gun,

BACKGROUND : The {ITRI single shot test fixture was selected for preliminary
evalustion of the zero draft cartridge case. The fixture
chamber diameter was 0.003 to 0.005 inch larger than des!red
and the aft 'DY ring seal was badly eroded. The fixturs,
howevar, was sultable for preliminary test eveluations, The
ignitor material selected was the Teladyne McCormick Selph
conpositian that demonstrated Improved performance witin GAU-7
over the temperature range.

1

Five rounds were assembled with:

et

.\ Forward Charge: 5473 prope)lant
. Aft Charge: 5440 propallant
Retention: 40 mi1 NC.+ 10 mil mylar K
Ign!tor: TMS 432 ik
Primer: 32 SeW o
Cases: Nylon 12, 30 percent glass K
BALLISTIC , . '
DATA: wr D1 ouax P2 MAX 13 MAX VELOCLITY TLIE

lGN S E P B ANES AN SEEYTE NSRS ERES DRSNS SDE S oS- -

AQUND NO--21

4245 9299 Ha Y PRTES L€k

Cp,2 ¥ TO Lie avai
| S To LS2 2938

v
SR e 2 S R T SR

L ROUMD ND=«73

5 L A7 999y 4.2 3183 Seva

3 0.15 p3 ToO L52 3218

g LS1 TO LS2 3247

;i ! HOUNMD HDes24

vy 44,4 999 ) qe 54 Jaal Le94

£ 0,15 13 ro LSE 3669

g L3l To Ls2 3497

B . 0.10  LOUND 1n=-75%

k ; 5146 9994 sedf 34 74034

! b Tt a
B ! DISCUSSION: The ballistic performance Indicated overignition and resulted

i i in propellant blowby In all but one test, The No, 5 test had

H i satidfactory performance with only slight blowby. The

i percentage of blowby Increased as the ignitor charge welght .
. increased from 0.1 to 0.2 gram. A round design based that

i Is thls sensitlive to ignitor welight s not desirable.

3

t
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1
1
1
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1
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The cartridqe cases all crecked at the base. The cracks
appearad te-originate at the ignitor aperture and propagste
' along the weld tines in the base. The number of weld 1lines
- offectad varied from one to £1! three. Each of the cases
showed a pin hols In the sidewall approximately 1/4-inch
forward of the base. This hola was In Vine with the sroslon
! . path in the aft gun seal, A separatiaon of the case s!dewall
' was obsarved to originate at the pln hole and propagate
P ' forward. The ceses were 411 extracted from the chambsr
) without difficulty. Blind pressure apertures in the chamber
| showed evidance of plastic flow Into recessed aress.
Examinstion of the exterior of the cases showed good evidence
of obturatian with the chamber. The midchamber pressure J

§
i

3 AR A

. sperture and ths areas of case fallure were surrounded by .ﬁ

uncharred nylon, "

. - K

CONCLUSION:  The 432 ignitor Indicated over-ignition blowby performance ;

at relatively low charge weights under 0.2 gram, Continued E

! investigation is recommended because of the ballistic "

i insensitivity of the material, Tha 137 gram propellany
charge indicates that the performance goal of 4000 feet per
second Is possible to attain.

SN -

The leaking gun chambar seal was balleved to be the cause of

the cartridgs case fallures. A chamber dlamater of 1.615

r ) inch {8 racommended for the universal gun. The Incorporation !
: of matal ring seals on each end of the case !s recommended as :

* an atd in chambsr obturation to prevent case fullure,

=R L I

- Satlsfuctory extraction of the minimum tapered case demonstrated
concept feaslibllilty.
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25MM PLASTIC CASE 3
AMMUNITION DEVELOPMENT ]

OBJECTIVE: T2 Opsmpue Tne vty O THe
—Tue  TITEL QAun. .
“Cinredeé DIA — 2850y " dues . :
Test Fixtura: CTB), UNIVERSAL, RIA. -t £
Cartridge Case: a:g. Na. d‘iﬁ :.v. , :w; Mpeow /2 | 309 ceas .
g. No. oV, , Mat! i
Projectile: Dwg. No. 3003%7, l-v. , Plag El band, 3060 Enln.
Primer: Type , Lot No.
Flash Tube Spc tal, [k
ProjJectile Retantlon: 1} Mylar, Mii bty
Ignitor:’ eals: -
Propallant: Fwd Charge s kot N, 4/ ) :
Aft Charge , Lot No. - if s bl
Insert , kot No. , '
REMARKS : . :A'QL
ROUND PROPELLANT WT (GRAHS) TOTAL PROP. WT TGNITOR WT ' ‘
NO, FuD_ AFT INSERT (GRANS) (GRANS) - ‘
N,
/ m 2723¢ | — /738.74 42 o 8
2 P7e | 3238 | — /32 20 o/ g
3 2232 | 37228 — /36 60 - Yis
£ (2,05 | 3733 T /32.38 o )
g 5 /.05 | 37.24 —~ /3229 a/ i
f p
b
{ M 4
|| J
¥
s FORM NO. $G-555-81
B !
-4 i
) {
; i
{ 84
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SAMPLES FOR LABORATORY EVAL.'\ION

2 } |
jact or Charge No. ( 23183 , ate 4L . T¢

ngm Description: :} .
/- gre—— < S+73
@ ")C!’;jé e Lo 94»‘63..(,‘
@ -4 e Lol SHYO
Lot No. __2ep Lo the s Batch No.
Vendor a2 Date Identification .
Tests Raquired:

Submitted By
Report Data To ;

Analytical Results:
Ha20 pce 1 rTheR mdv
wd 547
’ 3 .“q ‘007 ‘.37 , "03
AFr 8444 Dy — 10 e
AFT “;”HD 036 - 011 .L“/

Approved r,;g

anatyst {4 MA:N(
. Date _4-29-9¢

QCF-06-01
JATA EVALUATION COPY




SERIAL NO. 2
OBJECTIVE:

REFERENCE :
BACKGROUND:

BALLISTIC
DATA:

DISCUSSION:

TEST REPORT

To observe the effect of stael support rings on case response
to the balllistic cyzla.

SN

The test results from series No. 1 indicated that the space
betwaen the case and the chamber was sufficlent to cause the
case to crack, The space was estimated to be 0,015 inch,
The Incorparation of steel support rings at sach end of the
case was made to strengthen the case In thase arsas.

Five rounds ware assembled with:

Forward Charge: 5473 propsllent

Aft Charge: 8446-9 prope!lant

Igni tor: 432, k39, TEN

Retentlon: 40/10 « NC/mylar

Primer 32 SeW

Catal Nylon 12, 30 percent glass with

support rings at each end.

Balllstlc data was not obtalned on four tests bacauss of
computer difficulties and an action time longer than 50
mi )1 1yeconds, One test with 0.45 gram of Igniter h32 s
shown below!

7t MAX P2 HAxX PU MAX VELOGITY TINE
HOUND 0=-= 9

LTy 'oea.l JaB6 LT S.46
.42

d 3.5 ¢

L8l Tn L5 2856
P TO LE2 Gucy

The titantum barium nitrate (TBN) Ignltor produced the long
action time. The TBN was a sultable Ignitor In the GAU-7
program but was identifisd to be low In gas avolution,
Examination of the spent case revealed that ths brass S¢W
Ignitor tube was melted, This behavior Indicates that the
TON Ignited but that It did not communicate to the base
propullant effactively, The sudible output and the muzzle
flash of the round contalning Ignitor 439 was satisfactory
and would be assoclatad with acceptable performance. The
round with fgnitor 432 produced biduby performance as

* racorded and observed with the muzzle flash,

8!

SRR, BUTICE SR

3

i
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CONCLUS 10N

The cartridge cases were removed from the chambsr wsas!ly
but in two pleces. The cases each falled at the circum-
ferentiu) Intersectlon of the stael ring and the case side~
wall. The case bases remained intact and the case side-
walls did not crack longltudinally. The exterlor surface
of sach case showsd the exposure to combustion gases and
thare was no evidence of obturation. This Indicates that
the cases falled very early in the ballistic cycle. The
strength of the steel rings did provide the support in

the base but not In the sidewall.

The 1ITKI tast flxture chamber diameter of 1,618 to 1.620

inch was greater than could bs tolerated with the 1.607 to
1,800 inch dlameter cartridge case without suitable rein-
forcement at the case base, It [s recommendad that addltions)
testing be conducted In & 1.615 + 0.001 Inch diameter

(GAU-?? chambar,

Ignitor 439 should be reevaluated. Ignltor TBN should be
abandoned.
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25MM PLASTIC CASE
AMNUNITION DEVELOPMENT
s/n, R
. DATE;
ENGR;
AMMO %,

osvecTIve: T3 ORsegue THE Serea OF Steec  Suppoex
Bings AT Encu Enp O THe pnae

S Mese v \.uaj'/
Test Fixture:] HB UNIVERSAL
Cartridge Caser Owg, No.df_ﬁhv. , Mat INJLON (2, 307 GAS 160"

Dwg. No. , Rev, , Mat')

Projectile: Owg. No. 3003%7, Rev. A Plastic Band, 3000 5r-|n.
Primar: Type NSIOL Lot No, y No,
Flash Tube:<TT0Y, 38 Specla) .
Project!t Rountl;m ' HITRE, /G Ml Myler, Mi
Ignitor: ) Sedls: = ; 1T
Propellant: , Lot No,

, Lot No,

§ Lot No. , © -y

La - )

REMARKS: Stoge Seopeoar Ratgs ko U7 Y1 oodzmdee — T
ROUND PROPELLANT WT (GRAMS) TOTAL PROP. WT IGNITOR WT

NO. FWD AFT Itﬁiﬂ: . S mgﬁﬂﬂ :ggi! i
7987 | 3& =

G &9 /3. 7¢ S/
-4 (08.72 | 36.% — /3¢. &8 /8"
7 9946 | oo | — .| /36326 245
' CTan Fives
] 99.28 | 3.28 — r36.4¢ 0.7
] . TS 438D
0 2250 | 3205 ~ 736463 o, 24

FORM NO. $G~555-81
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TEST REPORT

SERIAL ND. 3
[ OBJECTIVE: To avaluate Class 3 black powder as an ignitor candidate.

BACKGROUND : It is necessary to establish a baseline round conflguration
early in a program so that performance improvements can be
measured. Black powder s usually selected as a baseline
ignitor because of its ballistic properties and reproduc~
ibility., Class 3 black powder was selactad for this test
because it was used satisfactorily in the GAU~7 program.

Fifieon rounds whre asselsied with:

: . Forward Charge: 5473 Propellant{)l roundﬂ, 5M79-F roundﬂ B
| Aft Chaege: 8446-9 propellant By
{ : Ignitor: Black Powder, Class 3 k.
Retantion: 48/10 - NC/mylar i
Primar: 32 SewW e
Casa: Nylen 12, 30 percen glass 7 -
Test Fixture: Unlvearsal ki
BALLISTIC
DATA: The ballistic data are listed separately because of the large 3
percentaye of Individual tests. &
DISCUSSION: The black powder charge welght was varied from a high of 1.4
grams to a low of 0.5 gram. The performance ranged from over-
ignitlon blowby (1.4 gram) to under-ignition blowby long

action time (0.50 gram). The erratic performance indicates
that class 3 black powder was not a sultable ignitor candlidate.
The under-ignition performance was typlical of a low gas

. producing fgniter. The outer case in the GAU-7 round supple-

i mented the black powder gas generatiaon rate to produce the
desired mass for a balanced shot start cye'e,

Lt

One round (Ho. 2)) was tested with a 0.1 Inch thick brass i
spacer |n the forward end to provide an additional 0,050 k-
Inch crush up., The center hole diameter was 1.025 inch. 34
This round provided the best balllistic performance of the .
serias with 0.5 gram of the class 3 Ignitor. Examination
of the spacar after the test showed that the spacer was
deformed and the projactile would not pass through the
. centar, The interference fit with the projectile occurred
during the ballistlc cycle. It |s possible that slowing the
: projectile velocity prior to engraving could provide the
desired delay or hesitation necessary for stable prope!lant
Ignition.
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CONCLUSION:

Four additional rounds were evaluated with nylon seals
similar in diinension to the brass spacer. One round
repeated the results of Improved performance. The nylon
spacer was recovered almost Intact, The three other
spacers were almost consumed, leaving a narrow rim on
the forward case lip.

The most signlflcant factor of this test was the case
behavlior, None of the cases cracked and all were sasily
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 chambur at the case
base. Gas flow to the vutside of tha case occurred at the
forward end. Two cases hu! longltudinal creases orlglinating
at the forward end that were evidently formed by venting gas
trapped between the case and chamber. The absence of the

chember pressure aperture lmproved the case to chamber
obturation.

The forward seal appeurs to influence the ballistic perform-
ance by slowing down the project!le motion in the shot start
cycle, Additional study In thls area |s reconmended,

The cartridge case is compatibie to the GAU-7 gun chamber
and can be extracted without difficulty.
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Fl MAX Fe MAX P MAX LELOCITY TINE Eske PoE,
hOUNL NO 15
3.4 -7 g.68 4 1] 5.8 011! 262
31.34 ] 2.2

LS) TO LS2 2€44
P3 TO LS2 2¢ate

ROUNL NO 16
33.¢ o2 LRk 2548 5.94 .2} .218
44,8) © 4,34
LS1 TO LS2 2%%%
P3 TO LSP £%%¢&
IOUND NO 17
34.3 " el 2+43 ce2¢ 5. €7 N4 211
47.18% e 4,38
151 TO LS2 25%¢9
‘P3 TO LS2 2%42
HOUND NO 18
23,1 o 2.49 2312 8.27 $.020CRE-23
48,94 ] 4olé
LSl TO LS2 23ee
Pd TO LSE 2307
ROUND NO. 19
9.4 o4 3.€67 283¢ T.04 813 .309
48,2¢ e 24517
151 TO LSe 2Bwe \
F3 TO LS2 2818
HOUND NO 20
37.¢ o7 3.72 2830 11,43 @13 241
44,54 ] .46
LS1 TO LS2 28B%6¢
P TO LSE 2843
ROUND NO 21
51 1.3 4.8 Y T €. € +221 4295 Brass Spacor
47.84 © lol 0.1 % 1,025 Inch 1D
LSl TO LS8 3718
P3 TO LS2 de8) * .
ROUND NO 22 . " . » ]
e , ob 3. 18 2855 8.82 +813 L4288 Nylon Seal |
46,42 2 2,317
51 10 LS2 2881
R} TO LS2 2868
ROUND NQ 23
2.6 o € £5.¢9 3491 G U9 019 424 Nylon Seal
47419 ] o2
LSI TO LSE 347¢
F3 TO LS2 2484
ROUND NO 24 ' i
£29.6 Y XY gege 8434 +Bl11  «BB9 Nylon Seal
45,62 ] .87
LS! TO LS2 eéEl
P3 TO LSR 2é®d
KOUND NG 25
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25MM PLASTIC CASE
AMMUNITION DEVELOPMENT

SN, S
oAt
ENGR:
AMMO

obsECTIVE:__ T Buavuare Cinss 3 Boscx Powbdez As

Baszune  Tew, oo Caudioade

Test Fixture: |ITRI;-CRINERSRL, RIA.
Cartridge Case: Owg. Ng,m, Rev.

Dwg. No. , Rev. , Mat'!

Projectile: Dwg. No. 300347, Rey. A, Plastic Band, 3000 Grain.

et Mo 12, 30% Suasy

Primer: Type ST | Lot No, , No. .
Flash Tube: A Special, |
Projectile Retentlon: AITTHE" 10 _u11 wylar, T3/52 dapao
Ignitor: B ¥ , Saals:__a/ Sein3 . Mycon
Propellant: Fw arge Lot No. :

Aft Charge , Lot No. - 63

insert = , Lot No. -—

REMARKS : R Lmnemi G.0R" Puus 0,070 4 6,160" THick SomcaL Foa

Cautd UP.  Nywow Seac (SKB00S20) 6.05D" . Levat |
ROUND PROPELLANT WT_(GRAMS) TOTAL_PROP. WT IGNITOR WT
NO. WD AFL LNSERT (GRAMS) (
Z 96./ 56 - /417 /41
{2 9.8 €64 - /37.2 2,78
| A 76.6 ds¢ - (42 2 4,35
/¢ 6.2 455 - /42,3 /25
/L ¥2.3 465 - /42.8 LEET
/6 923 | 455 | - /42,8 (30 | M 1 |
/7 943 | 46.¢ - /39.9 G
/8 94.3_| 446 - /39.9 /0
(7 923 | 45,4 | /437 0.75 ¥ MpraatG)
20 ys3 | 452 - 1405 0S¥+ o+ 1|
2/ 944/ e85 /39, ¢ 0,50+ 1 1 g
22 3.3 5 (228 0,581 ¥ + o
23 94.3% ds, | - /39,8 0.0t 1+ 1l
24 94.5] 456 - /399 O.50 + v +uaj
2y | 9579 45.6] - U idr3 o+ ¥+ g}

FORM NO. $G-455-81
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TEST REPORT
SERIAL NO. &
OBJECTIVE: To evaluate Class & black powder as an Ignitor candidata.
REFERENCE : S/N 3
BACKGROUND ¢ The Class 3 black puwdar avaluated In test serles S/N 3 was
not satisfactory as an Ignitor. The particle size was too
large and the rezultant rate of gas evelution was too slow
to provide the desired shot start cycle. An Increase [n the
rate of gas evolution can be provided through a reduced
black powder particle slze. Class 6 black powder was selected
for this test.
Four rounds were assembled with:
Forwrrd Chargs = 5479 Propellant
Aft Gharge - 84LL6~9 Propellant
lgnitor = Black powder, Class 6
Retention = 40/10 = NC/Mylar
Primer = 32 SeW
Case - Nylon 12, 30 percent glass
BALLISTIC : '
DATA: Pl MAX P2 MAX P3 MAX VELOCITY  TIME
: Round No. 26
i 36.4 - 4.5 RE3®  4.UE
5,73
: HOUND NO== 27
i ' -5l he.% 4,71 aese 447
- ; ¢ 37,84 @
X ! LS1 To LS2 3230
16 ! N P TO LS2 324€
d ! ROUND NO=: 28
i | ) 46, 9¢ 1ot
| 151 TO LS2 31l
I ! F3 TO LSZ 316l
3 | FOUND NO=- 29
! : Hengfire
8 {
}. !
| ;
!
: !
110




N

. . DISCUSSION: Esch cartridge was evaluated with & different charge
' welght of Class 6 black powder to provide a "'quick

look' approach to the utllization of this granulation.
The 1.4 gram charge produced blowby parformsnce and the

" : 0.3 gram charge resulted 1r a hangfire. The Intermediate
charges of 0.7: gram and 0.5 gram were also blowby but
the nagnitude was reduced with the lowar cherge welght.
The test Indicated that a charge walght of 0.4 gram of
Class 6 black powder would be desirable.

‘CONCLUSION: Class 5 black powdar was a candlate ignitor and should be
i evaluated in future tests. Inhibition of the aft grain
should be evaluated with blaclk powder charge welghts

greater than 0.4 gram, %
The effect of the nylon seals was recommendsd ior i
further evaluation. The prasence of the seal appeared 5

to reduce gas leakage and Improve performance. B
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OBJECTIVE:

25MM PLASTIC CASE
AMMUNIT |ON DEVELOPMENT 4
S/N;

DAT!
ENGR
AMMO

7o Epkenive Cwass & Brace Fouwose _é‘_F.JJ

T 28 Car iR

Test Fixturs

: |ITRI, WA,
Cartridge Case: Dwg %, Rev. , Matt)_Nyeow 72, 307 €cass

Projectile:

No. . Rav, , Mat'l

Owg .
Dwg No. 30034/, Rav. A Plastic Band, 3060 Grlln.

Primer: Type PiSoL | Lot No. , No,
Flash Tube: Spccla!,
Projectile Retgntlong
lgnitor:
Propellant} arge
Aft Charge
insert
REMARKS 1 Mo 26 —
sy 29 Qe Seee 3300 52e
ROUND PROPELLANT ‘WT (GRAMS) TOTAL PROP, WT 1GNITOR WT
NO. EuD AFT LNSERT el GRANS) (GRAMS)
26 94,651 _46.¢ — (42 ¢ 7 4/
29 95.56 | ds, ¢ - /413 73
2& ?4,7 | 455 — (402 4 62
29 g5/ 4s¢ — [/49. 4~ 430

Q) 5973 Preopeec prr
FORM NO. 5G-555-81
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TEST REPORT

SERIAL NO. §

OBJECTIVE: To evaluate ignitor TMS 300432 and the effect of brass
seals on balllstic performance.

REFERENCE : /N1

S BACKGROUND ¢ Test series S/N | was flred In the |ITRI test flxture with

: ignitor THS 300432, The test results indicated that 0.)
gram of ignitor was the desired charge weight for the best
performance. Differences between the |ITRI and the Universal
test fixtures necessitated a repeat avalustion of the ignltor
to verlfy the performance.

T T e e P

TEAL

TR AT

i
3 3 i
g Five rounds were assembled with: i
§ Forward Charge - 5479 Propellant ﬁm
3 Aft Charge « Bhi6=9 Propellant o
i Ignltor - TMS 300432 '@
s Retentlon - 40/10 - NC/Mylar 4
i Primer -~ 32 SsW B
5 Case = Nylon 12, 30 percant glass i
1A Sea! = Brass 9
o
v BALLISTIC ' . ‘.-;.
DATA: . Pl MAX P2 MAX  P3 MAX  VELOCITY  TIME ‘,ﬂ
14 Y L I e R T L R R P R L D N
i_ Kound No. 30 ,é
3 Misfire (Projectile In Barrel) 'ﬂ
3 h :
y ROUND NB-« 31 h
¢ » Sl 4746 4ot 3418 3.88 I
i e 48,28 3,98 ;._
oo 151 70 LS2 33¢é W
i P3 TO LS2 3392
i ROUND NO=« 32 g
v 4%7.4 -l 4424 3455 4491 i:i
43.9¢ ) 2.81 3
S 151 TO LS2 3402 l%
-' P TO LS2 3428 . g
i FOUND NO=« 33 3
g 49,8 . 4,22 3491 3.95 3
| as.09 o 199 §
: 151 70 LS da7¢
P3 TO L3Z 3484 . .. i
MUP‘JD NO-= 34 ‘ ' :
N 9 =g T¢19 4201 33+2 No Seal
: , 56.28 (] ] . ° e
;o LS1 TO LS2 4046 _
S . R TO LSg a#R3
t v
-?!
. E
k [
i1
% 1
; 117 ;g
. §
i
;' :
i
-
: 4
; Y
Pt e e

5 1t AR BV A 2 st b s B o
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DISCUSSION:

CONCLUSION:

Comparison of the ballistic performance recorded in this
test serias with the datea from $S/N | 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 barre] but th.1 propellant falled to
Ignite. The ignitor charge welght was incresased to 0.3
qram and over-ignition blowby performance was observed.
Subsequent reductions In charge weight reduced the blowby
and one cartrldge without a brass seal ylealded a long
action of 33 milliseconds.

-
Examination of the fired cartridga cases showad evidence
that the hrass seal interfered with the projectils travel.
Each seal was badly distorted and the seals were forced
into the barre) entrance cone. The seal appeared to
restrain the project!le momentarily at the barrel
entrance. The action Induced a rapld 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 relativaly
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 considercd a normal ballistic cycle.

The brass ses! was determined to upsct 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.} inch cracked the case that resulted
In a gas burn on the chamber face., The next long cartridge
was crushed up such that & 0.015 inch gap remalned 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.

The brass seal was observed to have a significant influance
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 THS 300432 at a charge weight of 0.15 gram was
selected as a baseline charye,
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26N PLASTIC CASE
ANMUNITION DEVELOPMENT

S/N; S5

DATE;
. : ENGR,
. AWM

OBJECTIVE: VO EyvhcvATe 4'32— Teniue Wit Sen

Test Finture: umml.. RIA,

Cartridge Case: Dwg. SK QUURER) Rev. , Mat") VV‘-‘N 12, B0 Sv-ans
Dwg , Rav. , Mat'l

Pro]cctilo Dwg. No. 300357 Ev. N Plunlc Band 3000 3 ain.

Primer: Type CHRACSL Lot No.

Flash Tube: &—u—.‘»p clal,

Projectile Retention:

Ignitor:  THMS

PROPELLANT WT (GRAMS) TOTAL PROP WT IGNITOR WT

ali) AFL INSERT {GRAHS) %

95,/ | 458 /40.6
94,3 | 485 /39.8
96.0_|_4ds'¢ /415
9% 3 | 455 /41,8
9./ | 45.€ /4. &

O M Seq-
FORN N0, 50-555-81 (B) ©.0/5 7 Mdp isiv Giresn) Cshcwthige ¥ Bour,
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SERIAL NO. 6
OBJECTIVE:
REFERENCE:
BACKGROUND :

BALLISTIC
DATA:

TEST REPORT

To eévaluate sn

S/ S

spoxy/glass filament wound cartridge case.

The glass filament wound concept was selected
gandidate to represent the thermoset family of
Two cases were fabricated at the Brunswick Pla
Nabraska by a standard process ussd In the manutacture of
fllament wound Pipe. The ceses were machined at each end
to accept a stee) head and a $teel forward ses) ay shown
In Flgure 1. The ands ware bonded to the case with an
spoxy adheslve, The cartridge langth was 6.050 Inches,
The chamber langth wes 6,055 inches.

A8 2 cass
materials,
nt In Lincoln,

Two cartridges ware assembiad with:

Forward Charge 5479 Propallant

Aft Charge - 46~9 Prope))ant
tgnt tor - T THS 300432
Retention = h0/10 - NE/Mylar
Primer - 32 sew

Case - Epony/glass

Seal’ - Steel

Pl MAX P2 MAX  P3 MAX  vELoCiTY TIME

ROUND NQ =« k{3 :

36,7 P S5.98 3829 447
Sl.48 e . 94

ISi 10 L2 Iy

P3 T0 LSg 352)

ROUND NO~~ 36 .
644 2 6:,31 J5L9 4,91
54.88 '] 1e43

LSt To Lse A47¢

P TO LS2 3ser |

124




DISCUSSION: The balllistic data was very consistant between the two
e - tests, The blowby recorded on the barrel pressura
transducer was 2000 psl and approximately 7 Kpsl lower
than normally observed. Examination of the flred ceses
. Indicated that the forward sea) |.D. was deformad outward
"agelinst the barre!. The seal appearad to obturate with
the projectile prior to engraving, The area around the
) _ projectile was reduced and the blowby gases ware blocked.
Shot start cycle efficlency was Improved resulting in
¢ . very reproducible balllistic performance.

The stes) saals were wadged against the chamber wall and
pravented the cartridge case from being easily withdrawn
from the chamber. The filament wound portion of the cass
was extracted intact without damage.

CONCLUSION: Tho filamant wound concept I's feaslble but will rnqulre

deslign changes In the steel ends to accommodate extraction
from the gun chambar.

The forward seal appaared to hava a sipnificant effact on
batlistlc parformance and performancy varliations. An

. |nterferance spal concept Is recommended for furthor
d.vo!onmant evaluations.




25MM PLASTIC CASE
AMMUNITION DEVELOPMENT é

, $/N A
‘ DATE, TR RO E T -

ENGR; "SI 8y .

AMNO; T8 18 :

OBJECTIVE: v E vAwATE P EPL’J)‘\] /C.—’.'ﬁ} TLLA MEMNT \JJouug)

cAseE  Lbw @er ) ' ' A
Test Fixture: |ITRI, UHIVERSAD, RIA. _ ?ﬂ
Cartridge Case: Owg. No., SK 300460, Rev. ) Mat'l . \ i

Owg. No. Rev, ) Mnt'lWau : : -bj
:r?,lnctllu Dwg. No. SOOE , Rev. A, Plastic Band, 3 n. ) '{{ﬁ
rimer: Type o Lot No, s No, . g
Flash Tube:~ FZSEW 38 Speclal, &7 IF:ZS/bb ’_"Q
Projectile Retention: . , 9 W Mylar, M £
lgnitor: [ c , Seals: 14 L 5
Propellant: , Lot Naﬁ‘_. ‘%
Aft Charge , Lot No, M7 - £ov) : ok

Insert Al , Lot No. \

REMARKS:_ Lo reipergt (o plgnatd SO Taucnh Gy  — o Ceusd (W

R e e

AGUND PROPELLANT WT _(GRANS) TOTAL PROP. WT IGNITOR WT
NO, EWD AF] LUSERT (GRANS) (GRANSY
! TS LB :
g A ‘al :lf‘k
| 33 9.6 1 366 — /36 2 0,13 :
| 36 [e2. 0 36,35 — /36,5 /5 1
' 4
?f i :"
A .u !
" ‘h
1
‘ é
!
J
FORM NO. SG~555-B81
. 3. 126 :
ii
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y 3
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SERIAL NO. 7
0BJECTIVE:

. 'REFERENCK:
BACKGROUND:

BALLISTIC
- DATAL

TR

Sy

o o D

TEST REPORT

To evaluate Celcon (Acetal) as & seal materla' candidate.
$/N 5,6 ,

Test sarias /N 5 svaluated cartridges with brass seals that
resulted In improved ballistic performance whan compared to

' cartridges without seals, Similar results were observed In

test series S/N 6. The brass seal was machined per Drawing
No, $K 300520 and positionad 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 fallurs durlng
chambering.

Celcon seals made to Drawing No. SK 300?28 wera mach!ned
from extruded round bar ttock. The ssals were not bonded

‘to the cartridges.

'$1% rounds were assembled with:

Forward Charge 5479 Prope!lant

Aft Chatge =  84Y6-9 Propaliant
Ignitor = THS 300432
Retention « 40710 Nc/Mylar
Primer - 32 oW
Caus = Nylon 6/12, 43 percent q1lll
LTTY - Caleon
Pl MAK PR MAX P3 MAX VELOCITY TIME

‘ ROUND NO==1737

38.7 1.7 5.8 31%5¢ $,18
JR.08 [ + 82

L81 TO LSQ 31¢é6

P To L8R 31¢)

ROUND NO==?38
4244 XY 831 3491 3,32
46.88 ? o4

181 TO LS 3514

"M To LG 3800

ROUND NO==-?39 .
- Y- 1Y) el 4,178 J18¢ 8.168
44.88 e 1.6%

LS1 TO0 L3g 3133

M T0 LSR diaé

ROUND NO==748
8.3 -8 4.81 JenT. 4.91
48,04 [} 2.62

LS1 TO L32 3103

P3 TO LSRG TNl
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DISCUSSION:

CONCLUS ION:

ROUND NO--241 ' '

38.7 =3 S.4 3318 S.12
4%,83 e . 1,32

LS1 TO LS2 3331 ’
F3 TO LSE 3323 ‘
ROUND NO==? {1~
742
29,2 -2 3.8% 2820 5,05
4.69 @ 3.36
LS1 TO L52 2806
P3 TO LS2 2818

Comparison of balllistic data recorded in this test series
with S/N § and 6 indicates that the Celcon materla! was not
squivalent to the metal seals. The action time was 5.2
miiliseconds in thix test compared to 4.2 milliseconds In
S/N 5. The longer action time should have resulted In
projectile velocities greater than the 3200 fast per second
recordad. The average peak blowby pressure recorded was
6,25 Kpsl., This pressure indicates that the shot start
cycle was In an over-ignition mode. This could be caused

by a faulty seal, seal fallure or the fact thut the seals
wera not bonded to the case. The charradouter ses! surface
indicatad excessive gas leakaga batwesn the ses! and the case
end., The sesls wers eroded away to varying degrees except
for a narrow band that was welded to the case end, The
remaining portlon was welded by surface melting and pressure.

The Celcon material was not sultable as a geal in the
conflguration cvaluated, Material eroslon and e¢jectlion
from the barre! were not deslirable. The ses! Interface
with the case was Indicated to be Important from a gas
path and over-ignition shot start sequancs.

Additional tests are recommendad in an alternate seal design
conflguration.

130

WV TRUTE SRR




R R el e

SIS SRR ST BT e L e sy LT T

S

001 via

3SVD JIISVd wwgz
W3S

W=y 103s

e =
Il

131




R L
e e

Py oty P o8,
NGRS

-

=

SER 00 Yo R Tkl i adh st b

2

. . ]
sac e AT £ A s e i

_OBJECTIVE:

25MM PLASTIC CASE
ANMUNITION DEVELOPHMENT

$/N;
DAT
ENGR,

-\'o> Syacvare. Celeon (@MS Dy N Seac

Test Fixture: IITRI
Cartridge Case: Dwg

Primer: Type , Lot No.

Flash Tube: Speclal
Projectile R.Eontlon. ' WY Ne, )

fgnitor:

Mil Mylar,

"  at'1_6/42 Mo~ $32 Gass
. No. V. , Mat')
Projectile: DOwg. No 300357, Rav. A, Plas tlc Band, 3800 Guln.

Lot e /5150

REMARKS: _ Pounsty  Latnggeavt o1/ coes
ROUND PROPELLANT WT (GRAMS) TOTAL PROP. WY IGNITOR WT
NO, K2 emfAEL LHSERT [GRANS) (GRAMS )

37 733 | 44,2 — /380 0,/
38 735 | 87,7 — (4. 2 245
32 923.¢ | 44.5 — L38. ¢ _Ols
46 93,9 | 44.7 — [32. ¢ o8
4/ 93.2 | 44.4 _ /38,4 . 0./
42 733 | 44.5 — [37.7 9./5

FORM NO. SG-555-81
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SERIAL NO. 8
OBJECTIVE:

REFERENCE:
BACKGROUND ;

BALLISTIC
- DATA:

TEST REPORT i

To observe tha affect of the Interference seal concept on
ballistlc performance.

S/N 5.

Favorable ballistic performance was recordad in /N 5. This ﬁ'
was Interpreted to be the result of an Interference betweesh 4
the brass sea) and the projectile In the shot start cycle.
The projectils was forced to decelerats as |t obturated the
barrel. A decrsase !n the rate of change of free volume
Improves the propsllant ignltlon procass by Incressing M
local pressure. Propellant blowby should bs reduced T
becausa of the reduced flow ares caused br the Interference o
of the seal. The brass seal deformation Indicated that the R
pro{oetllc was probably damaged during the Impect, To B
minimize the damags and maintain the desirable shot start ) &
proparties, |t was determined to evaluate plastic matarials
to replace the brass. sesl. i

Colcon was selected as the. first candldate for & nonmetal o W
seal. The ses! was configurated siniisr to the brass as . i
shown In $K300523. The Insida diamater was reduced to 4
reflact differant degress of Interference.

Twalve rounds were assembied with:

540 propellant l?;

Forward Charges . =
Aft Charge = 8446-9 propcllant ,
Ignitor - TM3300432, 300439 ko
Retentlon « 40710 ~ NC/Mylar B
Primer ‘ - 32 SV ! B |
Case « Nylen 6/12, 43 percent glass
Seal - Celcon
Pl MAX P2 MAX P3 MAX VELOCITY TINME
MOUND NQw«?43 ’
7.3 e 4074 age8 4,98 Ignitor: i}
48,29 e 2.9¢ ™S 300432 £
L$! TO LS2 J075 ¥
Pd T0 LSg 3de7t
ROUND NO-w?46
. 3..0 “eld Je9A 2908 5.8
46.59 [ ] 8.3¢

W1 TO LS 2499 ' N
P TO L3R 8e90 - :




i

BALLISTIC

DATA:

ROUND NO--149
3%.2 ol 4,58 Ie9? S5.18
4947 ] 481

LS1 TO LSR Je4s

Fd T0 LS2 3em

ROUND NO-~782
AS.7 e 6.0¢ J640 6. 08
58.23 ] 1.18

181 T0 LS2 2678

P TO LS2 Jéep

H ¢ Ignitor: 'TMS 300439
o -
Pl MAX P2 MAX  P3 MAX  VELOCITY  TIME
FOUND NO-=744
8.9 N 5.3 900 Bst  §,¢
31.81 ) £.4)
LS1 TO LSR 44
K TO LSR §
ROUND NO==?:45
36.2 Y it 9999  53.¢8
- 19476 ) ¢
L1 TO LSZ 43
R 10 LS2 #
ROUND NQ==4? -
9“0] s d SO“I 2955 C.Bl
48,88 e b 5.3
151 T0 LS@ 219}
P3 10 LSS @803
ROUND NQw«? 50
4406 . w1 7,61 390¢ 14494
83,19 ) e
LS) TO LS2 3899
7 To Lz 996
UND NQ=~=?.48.
19.7 - 3,88 298 9.9g
37.83 2 598
LS1 TO L52 le1é olt
Fd TO LS2 2428 __.. Wo SOTT
KOUND NO=-? 51
83.7 " 7,1 agee  12.53
52,33 .08 0 ‘
LS1 T0 L5P J682
R TO LS 3886
FOUND NO~--~?| 83
39,1 ¢ €.33 3097 s.€7
50.99 26 5,77
LS1 10 LS2 2734
P3 TO L52 2906
ROUND NO=~1 54
36,7 .2 €0y 3068 .01

82.39 X1 A l4
l$1 TO LER J@78
R To LSe ae7)
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DISCISS oK, The ballistic rasults were separated into four sea)
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 parformance was
indlcatad with the smal) Inside dlameter seals, The
velocity Improved to a greater value with the 432 ignlter
and the 0.625 inch saal aperture. The 1imlted number of
tests were not sufficlent to confirm the rasults.

The cartridge cases and ssals were examined. All but
one case was charred on the exterior surface Indlcating
seal leakage. The lesk was anticipated becauss no attampt
was made to bond the seal to the case. Oblong portions of
the seal wern recovered down range. Examinstion of these
pleces indicated that the seal obturated with the barrel
but was ejected from the barrel early In the balllstic
cycle, The portion of the seals that remained with the
cases wers approximately 0.060 Inch thick and these ware

- thermally welded to tha case. by the combustion gases.

The origin of the case base crack has been Identifled,
The cases that have falled at the base have besn with
glass contents grester than 33 percent and in cartridges
evalusted with TM3300432 lgnitor. Similar tests with
TNS300439 Ignitor have not caused case fallure. 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 tha burning Ignitor.
The crack can be eliminated by remsving & portion of the
ignitor support in tha case or changing the Interface
with the brass ignitor,

CONCLUSION: The Interfersnce seal concept was feasible and Indicates
that velocity Improvements without sacrificlng the other
ballistic properties was possible. Calcon wes not @
satisfactory material candldate because of the difflculty

. In providing a satisfactory bond with the case. The
tests should be repeated with nylon seals that are
bonded to the case. A sea) design mod!flcation should
be:incorporated to allow for meterial displacemant
without material loss.

The causs of case fallure at the base has been ldentified
and can be corrected.

141

St e s it N b b AR SR g g R i ¢ s s e e g e
uwmw-ﬁwmmwmmmw‘Mwwmuﬂmmﬁgﬁwwu¢%~mawuf]uu{ Ry ’

120 o e L P A 8 oot S Lot K oo i




A 0 R e bk da e i

IR S

N . ISV JuSYd sz
oL o £ S

]
- d
3
1
W\m\m

oot | -] - : : :
S§6° S b . . ’ T ) .
wr [ ==]. . . _\WeWIos._
s29° e . ..
via.g | oN | - .- )

— - s — - o2*-od—lw——-
.- C - - - - . - o
- - g
. —
~ i

o = D T L To ml b TR e i e a T L e Bmis




' 1 “ R R ' p '{
NPTy e [
Nt 5 ,:- :.z.";:- L :-, A

¥§‘

TR e L e e

R e T LI
e TR A N e

i ;
i.‘
2 ¢
l:, 1
.

i

. ;‘

f "?

%
§ 3
, e
s
%% ;?3//
- E
2

INTERFERENCE SEAL CONCEPT ‘

. , 143

|
":5 | .
g
;?
i
-S
|




48 an, 44.4 — /32,73 8,25 (4%

4,79

25MM PLASTIC CASE
i AMMUNITION DEVELOPMENT
b sy, 8
- ENGR
J, OBJECTIVE: Vo 0483!202. Ve THMFMNC-L RSV VI g
g .
A Test Fixture: JITRI, NIV A,
\’ Cartrldge c:m M-% :ov ' :-t:: va“ G‘/oa_ 4%}
N Ne. ' at
s Project!le: Dwg.mr:g 300357, Tav. A, Plas :lc b.nnd. L) Erlln.
B Primer: Type , Lot Ne.,
8 :“3'1 thre Reantion Ao ' N wytar, _ LT S /%
roject tentlon: a
lonltor: 743 422 T L on B YT,
g Propellant: arge , Lot No. s .
i Aft Charge , Lot No
8 Insert — ) Lot No, :
. REMARKS: € s ' o5 N Ay
) f ] S
B " Caaraioie Lang i | achd i Tl Bg 0w " Sdusk 'a;j
J <mac [rouno PROPELLANT WT (GRAMS) TOTAL PROP. WT 1GNITOR WT
.;lj__ .0, § oo, FWD AFT [NSERT, =dGRANS) (mgﬂ
Q’;’g’ 95344 .3 | 45 | ~ /35, 2 3 (d39
45 850 | 44.4 - 229. 4 2.2(4%) 5]
- _ 46 &e3 | 44.9 - /3/.0 0,15 (432)
4,21
I
|
¥

5D 28.3 | 44,5 — /32,8 25 (437)

5/ 24,5 | 4d.7 — /29,2 2.25(4 39)

drs ) —52 85,9 | 4d.9 ~ /30.¢ s (432)

g 49 92.2 | 44.8 - /370 o005 (d3%)

; 53 723 | 44.8 ~ 132,/ |0.25 (433)
Y j L.54 8. 44.¢ - /326 4,254 (439)
: ; @) 5419 PacheiawT

il ; FORM NO. 5G-555-8] (&) SwaL T.D = \.vp .

i 3
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SERIAL NO. 9
0BJECTIVE:

REFERENCE:
BACKGROUND:

TEST REPORT

To evaluate Zytel (DuPont Nylon 6-12) as a seal material
candlidate.

SIN 7

The sea) configuration evaluated in S/N 7 (5K300520) was not
satisfactory because of the squore corner ihat protruded Into
the gas flow path 2t the barrel entrance. A seal confliguration
with an internal angls of 45 degress was selected as a baseline
to evaluate candidate seal materials (5K300522).

Two seal materials were selected for this sea! concept evaluation.
The materials were DuPont nylon 6-12, unfilled (Zytel 151) and

43 percent fiber fillad (2yte! 77G43). The seals ware machined
from flat sample specimens 0.250 inch thick. The seals were
bonded to the case with meta-cresc] adhesive.

Ten rounds were assemblad with:

Forward Charge 8472~1 propellant

Aft Charge - 8446-9 propellant

Ignitor - TMS300432, 300439

Retention = 40/10 NC/Mylar

Primer « 32 SEW Plstol

Case = Nylon 6=12, 43 percent glass
Seal « 2ytel 15) and 77G43

161




BALLISTIC DATA:

Pl MAX P2 MAX P3 MAX VELOCITY TIiNE .
ROUND NO=-~? 55 §
0.8 =13 793 3488 38.39
16.88 0 e
LSt TO LS& 3476
PO TO LS2 J468 . ‘-
ROUNL NO~=? 60 :
9509 e b 9.1' 3097 23-86
49,39 ] ®

LS1 TO L5& 3075

F3 TO LS2 308¢ |

ROUND NO=--? 86! :

2144 = 5,91 pe2" 6,08 :

) 46e16 ] 3.92 i
154 TO LS2 2644 *

F3 TO LS2 2633 !

mugg NO=«? 57 :

b omel 686 2782 6eld" :

' 47448 2 £.27 ;

LS1 TO LS@ 2806 ‘ A

PO TO LSS 2794 : :

ROUND NO=--?. 58 : -
3t ] 9.28 3491 34.92 !
67.54 e ) '

o LS1 TO LS2 3476 o
P3 TO LS2 J484 :
ROUND NO==1.59

9.4 " ¢.82 2018 16479 , :
487 .
47,61 ) °

LS| TO LS? 2012 :

P3 TO LSS 2014 \

ROUND NO==? 61 ,
18 e 911 883 9.7 .
54,49 ° V55 : .

LSI T0 LS2 2686

F3 TD LSE 2818

ROUND NO=«? 62

22.3 ] 6493 2806 7.24
2 49,32 2 Je 56
£ LS1 TO LS2 280¢
F3 TO LS2 2886
¥ ROUND NO-=~? 63

23.8 .2 ¢.53 3012 21.67

70.32 0 3

) LS! TO LS2 989 '

F) TO LS2 280 .
i ROUND NO==? 64
@ 25,1 .l 6468 2987 6.9
4%.27 .04 Py 1]
; L5 TO LSE 2934 .
v F3 TO LS52 2946
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DISCUSSION: The seals remalned attached to the cartridge cases and B
appeared to withstand the ballistic environment without ) -
. ' severe srosion. The seal configuration was acceptable !
as & baseline design, One sea! made from the glass filled 51
nylon cracked longitudinally in two places. The break s
was a hoop tensile fallure and was probably the combinad g
result of an undersized diameter and the low percent ’ B
slongation of the material. All the unfllled seals gt
functioned without fallure. The srosion of the sealing P
surface indicated a gas leak was present but no damage to i
the gun was observed.

The ballistic performance data {)lustrates tha affect of

a low RQ forward charges. Action times up to 35 miilissconds
wera recorded and blowby pressures were only up to & Kpsl, b
Rounds with similar components and base!ins (100 RQ) forward 5

charges produce 5 millisecond action timss and blowby ¥
pressures up to 10 Kpsi, The forward charge provides an

Important contribution to the Interlor ballistics of the
cartridge.

The cartridge cases that utllized [gnitor TM§300432 al)

cracked at the ba The ¢racks originatad at tha ignitor
cavity and propagated across the base and forward along the A
case sldewall for approximately three inches. The cases gh
were extrected from the gun chamber intact. e

CONCLUS ION: The unfilled nylon 6-12 material was salected for continued B
development. Tha seasl configuration described with an Internal N

' bevel was determined to be satisfactory as a baseline for o
subsequant seal materia) evaluations,

‘ ﬁf s
5 ] The low RQ forward charge was not desirable in this cartridge ' b
14 configuration. A differert ignitor such as black powder with g
'3 : a less brizant energy output would be desirable, -
a 3 ' i
1] 3
e ] 'ﬂ‘
i 5
.'. ] . ,
i
b
i b
i"
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25MM PLASTIC CASE
AMMUNITION DEVELOPMENT
YT 4
DATE;
ENGR.
AMMO

ossecTive: [0 Fuacuare 2;33: g&:’;}.»:r Nucon) As A

Copn RLDATE é"&?"' H qte\Ac
Test Fixture: |ITRI, SNLUSRSAL, RIA.

Cartridge Case: mg, No. SK 300460, lov. , Hat')_Nyoom @/iz 4 3% @naas

g. Na. Rev, Mattl
Projectlle: Dwg. No. 300357 LT I\. Plas t|c Eond 3008 Eraln.
Primar: Typa t=_, Lot No.
Flash Tube:” Spoclll

NTT'NE—'\O

Projectile Rctnntlona M1 Hylor.

164

:gnlt?;: L“ :l
ropellant: , Lot Ne.
: I Mgﬂu
Insert 1 : 'I::: :: ‘
RENARKS:_Rixond Laimgrd G 075/ ¢oes”  ( 21°% /g 30 Shusy/ ""’)
—nouun PROPELLANT WT (GRAMS) TOTAL PROP, WT TGNITOR WT
NO, D AT et NSERT {GRAMS) (GRANS)
m 5/ m’ 13& ’
\55— 7144 44:3 =~ /3‘.2 i-z
57 54,2 44,6 - /35,6 P25
58 fgs. g | 447 - 1326 [P~ %%)
59 33 | 44.8 - 238,/ 4225
Eyree. V) Qf
¢t 1 945 | 444 - /329 2.2 4
G/ 92,7 | 4d.8 - /32.5 g._q%‘_ﬁ_
€2 g0l | _44:2 5 /34, 8 g204% |
¢3 93¢0 | 447 - /32.7 _lezM% 34@
4 g92.9 | 4d.¢ - 37,7 9.243¢
FORM NO. $G-555-81
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TEST REPORT §
SERIAL NO. 10 §
OBJECTIVE: To evaluate Yorlon (AMOCO polyamide=imide) as a candldate ,%
seal material. S
REFERENCE:  S/N 9 4
BACKGROUND: Torlon is a new thermoplastic with exceptional physical properties.
Tensile strengths are up to 27,000 psi and elongation is up to b
13 parcent. These properties are considered desirable for a seal %
material, 4
4
Seals were machined from flat sample blanks 0.170 Inch thick of i
two meterial formulations 4203 and 4301. Torlon 4301 contains 3
qraphite and teflon additives for lubrication properties. It K]
has tensile strangths of 20,000 psi and elongations of 6 percent. ':é
The sea! configuration was described in SK300522. The seals were
bonded in tha cartridge case with pliobond 20 adhes!ve. h
T
Four rounds were assembled with: K
Forward Charge - B84k6-9 propellant 7
Aft Charge - Bhh6-9 propetlant A
Igni tor - TM3 300439 B
Retention - 4o/10 ~ NC/Mylar 3
w . Primer - 32 SgW Pistol i
: Case - Nylon 12, 38 percent glass
e Sea! - Torlon 4203 and 4301 §
It 9
A : b
i el 3 11 Feet :
3 ) Pl MAX P2 MAX PJ3 MAX VELOCITY TIME
k HOUND NO-~? 65
B 3€47 ~l.2 S.47 331% 5.12
3 32.29 %} [}
151 TO LS2 3297
P TO LS2 33806
ROUND NO~=? 66
3 4B.49 e 1,18
: LS! TO LS2 3402
P3 TO LS2 3ale
b ROUND NQOw~=? 67 ;
Y 3le4 ool 4,98 2568 5,94 ;
4s.17 € 6. 24
a 1LS1 TO LS2 256¢
4 F) TO LS2 2%e2
) HOUND NO~--? 68
_' 49,6 ¢ B.69 438} 39.11
{ €6, 59 0 ] .
L LS1 TO LS2 4646
P3 TO LS2 4874
{
¢
176
.




DISCUSSION:

CONCLUS 10N

The torlon seals were partially acceptable. Two were ejected
from the gun and ons seal was cracked longitudinally, Exemination
of the seals indicated that the outside diameter was 0.060 inch
below tolarancea and no per drawing SK300522. The reduced dianeter
required the saa! to expand beyond the yleld point and the high
strain rate generated by the combustion gases caused the material
:? fail. The tests should be repsated with seals of the correct
amater. "

The cartridge cases did not crack and this was attributed to the
slow burning lgnltor TMS 300439,

The ballistic parformance indicates that blowby occurred in three
rounds and a stop action in une round. The erratic behavior was
not datarmined but was belleved to be related to an ignitor
malfunction, Blowby pressure ranged from 5 Kpsi to 10 Kpsl
indlcating premature ignition of the aft charge.

The torion seal results were irconclusive and the tests should be
repsated with seals of the proper diameter dimensions.
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TEST REPORT

SERIAL NO. 11

QBJECTIVE: To observe the effect of an interferance forward sesl on ballistic "
per farmance,
& REFERENCE: S/N 8
N
;‘9 BACKGROUND : Test sarles S/N 8 indicated that velocity improvements wera
f{ ! achievad by providing an Interferance fit between the projectile
Y | ) and the forward seal., The tests showed that tha projectile
L \ decelerated prior to engraving and the reduced annular flow
8 ' path around the projectile reduced the blowby. The seals,
& however, ware ejactad from the gun and analysis of the inter-
1 _ farence mechanism was not performed.
R
v A seal with an Increased cross section was selected. The seals
W ‘ viere made in two length to width radios, 1:) and 1:2, The inside
_»ll : dlameter was 0.928 inch to provide an Interferenca fit with the
B ! ' projectile oglve. The bourraiat diameter was 0,986 Inch.
ik
\;‘ : Six rounds ware assambled with:
{ ! Forward Charge = 5479 propellant
l : Aft Charge - 8446-9 propellant
£ i Ignitor - TMS 300432
§ ! Retention = 40/10 NC/ Mylar
W ' Primer -~ 32 5iW Pisto)
b | Case - Nylon 12, 33 percent glass
.] Seal - PBYE, unfilled
s

|
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BALLISTIC
DATA:

DISCUSSION:

Pl MAX F2 MAX P3 MAX VELOCLITY TIME

[ I e A Y N PR TR DR Y R R L L R L A

POUND MO-=2€¢9

32.7 e1.3 Edk§ Q1&¢ ol
31.7M ¥ 2%

LS1 T0 LS2 Jléc

F3 TO LS2 J1¢l

HOUND NO==77E
34 vy b £.€3 e £.12
4).72 4 193

LS1 TO LS2 3878

$3 TO L52 3cée

FOUND NO==77}
J1e€ e Lol 3636 .38
43.]6 hell

.
3
LS51 TO L&& etbl
3 TO L&E &hOS5E

Rount No.72 = HAvards —

FOUNL NO-=2?73

99.9 ol E.R1 asns0 o d
81,26 @ ¢ Séote
LSI TO LS2 170
R TO LS2 3175
ROUND NO==174

99.9 “sl 6ed1! . .
79:05 a ”u 3533‘ 43.09

LS1 TO0 LS2 39l¢
FO TO LS2'384¢

The ballistic parformance was similar end reproducible in sach
group but distinctly different betwaen each group. The group
with the 0.25 Inch long seal had uniform blowby but at s
reduced magnatude than normally observed. The blowby averaged
7 Kpsi,

The group with the 0.5 inch long teal produced long action
time stop ballistics. This indicates that the projectila
stoppad and the ignitor was not energatic ennugh to ignite
the propellant In the avallable free volume.

The significant differences in ballistic performance between
the two cartridge conflgurations indicate that the forward
seal can be made to have a pronounced effect on cartridge
performance.

Each of the seals wars ejected from the test fixture. The
cases did not crack at the base as normally observed with

glass contents grsater than 33 parcent. The absence of cracks -

was observed in previous tests with THS 300432 and 33 percent
glass filled nylon 12 cases. )
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CONCLUS I ON: The forward seal was shown to have a significant Influence

on ballistic performance and Is a method of controlling the
interlor ballistic cycle,

Addi*ional tests are recommendad with the Internal beveled

seal configuration and a slower burning ignitor 1ike Class 3
black powder,
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25MM PLASTIC CASE
AMMUNY1ON" DEVELOPMENT //

0 LR TR RIS
osJecTIvVE: 1o =1

T Ongeeve THe Terper O AN Dy
Loewad Sea- O Bawsne Peemmeqaves,

Test Fixture: |ITR), GRLEERGL, RIA.
Cartridge Case: Dwg. No. SK 300460, Rev. _, Mat'l AMuon (2, 837 cExaqss

Dwg . No. Rev, , Mat')
Projectile: Dwg, No. BOOJWA, Plomand 3'6'66‘1?:5'.'
Primer: Type , Lot No,
Flash Tu Sp clol. nrg- '3 160 Bonn T
ProjectiTe Retantion: Mil Mylar, RRAWS
lgnitor: u s
Propeliant: srge » Lot No,
o Aft Cherge .+ Lot No. aﬂ'
\"’“u‘m Insart . Lot No.

o.'mb .0

AGUKD PROPELLANT WT_(GRAMS) TOTAL_PROP. WT LGNITOR WT
NO. P AFT [NSERT (GRANS) {

é 959 | 45y - (4o o, /5

¢ P52 | 45/ - o ® a/5
/] s | 40 - (4 £ gry

blbewss,

72-. ﬂ /f,z - /40.9 0.5
|73 25,3 4£4.0 - /393 2.7y

74 o5e /| 454 - /.0 o3
L [ Tal -
FORM MO, $4-555-8)
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TEST REPORT

1 SERIAL NO. 12 i
3 OBJECTIVE: To evaluate the effect of aft charge surface deterrent on _3
] ballistic performance. i
2” BACKGROUND:  Selective surface deterrence studies were corducted In Phase 3
3 t1l 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 rubbar adhesive.
No. PR=] manufactured by Woodhi!l Chemical Corp. The rubber
was painted on the surfaces of thae charges to be deterrad.

. GAU-7 tests Indicated that the aft portion of the forware charge

3; and the forward portion of the aft charge were critical ignition "
¢ areas. 3
{

A reesvaluation of the daterrent studies were considercd to be o

%' beneficial to the development of the shot start mechanism In !
4 the plastic case cartridge, The rubber coating was applied to '
A selected surfaces of several aft charges. The surfaces were y
@ the: A. lgnltor cavity, Q
s B, lgnitor cavity and the forward end,

C. lgnitor cavity, forward end and half the outside,
D. All surfaces.

T

Twe lve rounds were assembled with:

Forward Charges = 5479 Propellant
Aft Charges ~ BLYE-9 Propellant
Ignitor - TMS300432

g Retention 40/10 NC/Mylar

4 Primer 32 56W Pistol

! Case Nylon 12, 38 percent glass
' Seal ABS unfilled.
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O B e o O e

BALLISTIS
DATA:

FE oMAR e MAN

13 Max \FLOCITY

TINE

L R T I e N T L

LaUND NO=-781

HOUME NQ--?E8
34,8 )2
¢ ¢

LSI To LS2 Jd4ec

F3 TO LSZ J42#

LOUND ND=-=-783
28.¢ -7
17.%8 ¢

LSt TO LSEZ 2%8e

P3 TO LS2 £959

HOUND NO~-784

St TO LoV
F3 TO LS2
KOUND NO~-785

HOUNL NO==?b¢
48.2

~lel
£5.97 [
51 T0 L&& 19]
™ To LS& 87
HOUND MO-=?787
€ “ 5
€Q.2¢F 3
S TO Ls2 317
P} TO LSZ 3@
IOUND NO-=70k
QY 4 =)
7675 [
LSt TO LE2 1778
P3 TO LSE 2¢24
FOUNL NO~=?(9
£7.¢ -s
[T 7
LS TO LS& 19%)
3 TO LSe =794
TOUNE MO~~20¥
&l.2 =4
¢B.7) [4
L5851 TO LS® a24)
Fl To LS2 3178
hOUND NO==79]
S8.8 -3
€9.47 ')
IS1 TO Ls2 3243
F3 TO LS2 3178
ROUND NO-«?92
55.4 .8
€8.7¢6 ]
LS1 TO LS2 3ge¢
P3 To LS2 2987

flangfive

betl Jyst
¢
L.S9
e

Hangptlre

lanpfire
.94 ) 2600
v
4436 3¢9
1.£3
byl 2600
4ad
Gl 2800
Aokt
el 3i€l
69
5018 et
«99
debé 297
l.9c

GOPY AVALABLE T
PERMIT FULLY LEG

195

Lbot? ™S 3004 32
0.15 gm

£Cat

S.it 0,30 gm

5.3%

Selb

.32

4.9

5.18

0 00C BOES NOT
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DISCUSSION: The cartridges were originally assembled with 0.)5 gram of

ignitor TMS300432. Ballistic action times recorded with

rounds No. 8] to B85 were not less than 26 milliseconds (msec).
i The lattar value axceeded tha sampling time for the data
. acquisition system and no data wes recorded, The remaining
fgnitors were down loaded and the ignitor charge was Increased
to 0,30 gram. The action times for the subsequent tests
_ averaged 5 milliseconds and resulted in blowby performance. ]
i 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 balllistic performance.
The most unlform performance was obsarved with all the surfaces
of the aft charge coated.

CONCLUSION: Surface deterrencea of the aft charge had » beneficial effect
on the balllstic performance by reducing the magn!tude of
blowby. The TMS300432 Ignitor was too brisance for the
preliminary avalustion, Subsequent tests with deterred
charges should use & black powder Ignitor.
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25MM PLASTIC CASE
AMHUNITION DEVELOPMENT

s, 1%
pATE;
ENGR;
AN
OBECTIVE: To O = T3 & F Her e Sul—
Face Dereprsrny On Bausnc M&“ LA~ cE
Test Fixture: |IT [, RIA,
Cartridge Case: uﬂ%. Rav. , Mat']_NYLON (2, 327 Seans

Dwg. No. s Rev, , Mat'l ;
Project!le: Owg. No. 300357, Rev. A, Plastic Band, 3800 Graln.

Primer: Ty%_. Lot No. , No
Flagh Tube: y Spacial,

I8/50 Bontiyy Berw-

Projectils Retentlon: RITRE, /0 W1 Mylar o Sty
Igni tor: e — ASERSSY L C
Propellant: ] Lot No. - s
Aft Charge , Lot No. Ef? s o~
Insert ' Lot Ho. \ ‘E@“ﬁm
[}

Ape By THi~NING Tyoee BLASTIC S ra LB ZE

RO WTH TR

ROUNG PROPELLANT WT (GRAMS) CTOTAL PROP WT IGNITOR WT
NO. < E AFT INSERT GRAMS) A1
X/ 2.9 | 44.¢ — /355 0./
| F2 U6 44.¢& — (%. ¢ a5
5.3 9LL 4d.c — 2357 o'y
a4 9.2 4.5 - /357 Ouls”
| a5 9 | 4.9 — /35.8 o./y
S 22.2 44.6 —_ /% 8 0. 3o
37 7.4 | 44.6 - /3.0 i so
98 Yo.9 | 44.7 — /35,2 0.3
29 920 | 44.% - - X o 3o
70 940 | M5 - /Y Q.30
9/ 709 | 44.7 - /558 o Jo
P24 90, ¢ 44.3 —- (34.9 0. %0

FORM NO. 5G-555-81
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SERIAL NO. 15
QUBJECTIVE:

REFERENCE:
BACKGROUND:

TEST REPORT

To select a baselline black powder lgnitor for surface deterred
aft charges.

§/N 12

The tests conducated In Serlas $/N 12 with selectively deturred
aft charge surfaces indicated the ignitor TMS300432 was too

brisant. A black powder Ignltor was recommended subsequent to
praliminary avaluations,

Black powder granulations Class ) and 6 were sslscted for these
tests, Tha black powdur was identifled per MIL“P-223, Thae aft
charges wera painted with the nsoprane detsrrent on a!l aurfaces,

Ten rounds were assembled wigh!

Forward Charge

= 5479 Propallant
Aft Charge « B4l6-Y Propsllant
ignitor « Black Powder, Clasy 3 and 6
Retent!on = h0/10 NC/Mylar
Primar = 32 S8W Plgto)
Case = Nylon 12, 38 percent glass
Sea) - ABY, unfllled

210
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BALLISTIC
DATA,

Pl MAX P2 MAX

P3 MAX VELOGITY

TIME

ROUND NO~=199
s8 -8
4955 f

1$1 To LSg 1698

P3 TO LS2 2869

ROUNL NO=e?18@
58.7 o
62437 e

LSI TO L3e 2770

MK Y0 LS2 2737

ROUND NO==?181

38.8 ol
+B8D
45,39 Lol

LS) TO LS l8eA
P3 TO LS2 17ep

ROUND NO==? 10X
?18R
991 o
75,04 1.98
LS1 TO L& avral
PO TO LS2 28R4
ROUND NO~«? )R
B8.7 od
B4, )R e
LS1 TO LSQ dR4y
P} TO L%P 3206
NOUND NQew?l@4
“0.6 ]
508.4 Dede
LSiI TO LSE la@s
Pl TO L5P el
ROUND NO~=7104
3747 .
d7.5 A
LBl TO LS& 170
P3 1O LSZ Ruaal
ROUND NO-<?10¢
96,9 N

ol

A
o
7

)

8l.41 Q.09
L3l T LS Jdvla
P3 TO Lsu-3B&9

432 3387
704

6.l 2130
B.uéb

3.78 1669
118

52 3843
Lol

4,98 REE2
7449

Jobts gse¢
¢

hei 265¢
a0

6.7 JBee
4.93

a1

5,83 BP Class 6

13,49

- AP Glase 3

€56

B.62

7431

v L

RS NI

Attt LA R LAl e S s b3




e REEEL

DISCUSSION: . Black powder Class 6 was evaluated In rounds No. 99, 100

and 101, The test results Indicated that Class 6 was not v
a satisfactory Ignitor. All the charges produced blowby v
performance. The Incorporation of a mylar strip inslde the

aft graln incressed the ignition delay and delayed the

reatalnar relesse resulting in a long action time and violent
blowby.

R e T AR

The declsion was made to svaluate the remainder of the rounds

with Class 3 black powder. An ignitor charge walght of 0.75

gram was evaluated In Test No. 102, The resultant balllstic

performance indicated that this cartridge had » satisfactory C
shot start cycle but the 99 Kpsi pressure indlicated that the i
projectile stopped or hesitated at the barrel. A repeat test
at 0,75 gram charge resulted In simllar high pressure
performance but blowby reduced the velocity to 3200 fps, A
reduction In charge weight to 0.60 gram produced a similar
affect as a reduced charge welght of the Class 6 did on
performance. The action time increased slightly and the

! veloclty decreassed. This bahavior was Indicative of a
projectiie stop prior to barrsl obturation -- a sltuation
observad in the GAU-7 shot start development program. The

‘ behavior is a result of Insufflclent ignitor enargy to propel .
: the projectile and ignite the propellant at the correct time

; In the shot start sequence of events, A test with the mylar

' strip has similar low performance rasults due to delayed

i project!le first motion (late retalner releace).

s BT

SR U

TTETIE,

o el

S o

A e e o e

The forward seals were ejected from the test fixturs.
CONCLUSION: Class 3 black powder was selected as a baseline Ignitor for

deterred surface expariments, The charge walight recommended
was 0,75 + 0.05 gram.

The cuase for the wxcesslve chamber pressures was the result
of stop mode performance. The prepellant RQ selected for
this cartridge was based on nonstop GAU-7 balllsties.
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25MM PLASTIC CASE

AMHUNITION DEVELOPHENT
s, 5

DATE; A
ENGR;
AMMO; -

omecTive:__To Seeecx B Baseune Biace Pome, Jguivoe
For. Doerace DeTELrEn Qe CiReges
Test Fixture: ) ITRI, THIVERSAL, RIA.

Cortridge Casa: Dwg. No. 5K 300460, Rev. , Mat') NYLONIZ 35 %G sy
Dwg. No. ,-Rev, , Mat'!
Projectile: Owg. No. 300347, Rev. A Plastic Band, 30 060 CnTﬁT

Primer: Type PiDTOL. , Lot No. y No. ,
Flash Tube: dE_'m-'!'ﬂ'épeglal. . — 598 oo A~
Projectils Retentlon: HTTNC, Ael Mil Mylar, -

, seals: (AL

Propellant: - ] Lot No, z;;g . .

um@;_ Aft Chargd , Lot No.— 7~ . Rotants
Co o Lou N —
nsert ot No, -T_I 0“4

REHARKS: QA T SHARSES — O Soeraces PanEs Na:&\_lgB

S22zt :::_:'é;':&':‘ér;:: {.93_2- z ﬁ :Q‘—:—}%ﬁié&éﬁw::
ROUND T PROPELLANT WI_(GRANS) T TGTAL PRok wT TONITOR WT
_N-&- m AéL: INSERT (Mﬁ) " (

#_ | T2 | 4o - /322 .75

/R | .z L. — | _r3722 o,
sor | 902 | deo | — | [37z | o Muse
02 | o2 | déo | -~ /322 4.75

/03 .2 | 4.0 — /372 a.75

/84 742 46.0 - /22.2 0,60

05 | 2 | oo _| — /322 0.75 (2 Muse |@
{96 %, 2 4s.0 —- /37.2 o, 7%

/07 2e | d4éo | — /37,2 soT PR

L/ 9.2 Jo.o — /282.2 | AT Freap

A v .’-'-'""""?""‘?'_,.wao Mt Trasue.

B 2 wiDE ¥ 3‘_ "b:di’#

FORA ND, 3G-555-81
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OPTION FOR PR 1sRR S=P2NAK?R
DISTANCE TO FIRST LIGHT SCREEIN?R)
DiSTANCE BETVEEN LIGHT SCREINSTRR

- K=RAD I»YES SeNO?R
Pl MAX PR MAX  P) MAX  VELOCITY  TIME  B.f. DL,
¢ MOUND NO«=?) &
T .l 3.8 B804S (Y NIRRT

84074 [ ] 7683
81 TO LE2 leéB8
N TO Lsa 2813
ROUND NO==?9999
STOP AT LINE 2000
READY

i OPTION FOR PR [wRR SePRIMAXIR

o DIATANGCE TO FIRET LIGHT SCREEN?37.88)
i DISTANCE BETVEEN L1GHT SCREENS?7.8)3
B KeRAD  IwYES fReNOR

o Pl MAX PR MAX  P3 MAX  VELOGITY  TIME  B.E. P.E.
“"-.. LI T DL L YA A LA I RN YR ITII R P R T YYYyNY Y
VA | MOUND NO=s?8F

o ‘ 3'.0 =9 il 2400 LTy 1] 9.00000E-0)

ol
7:66

: ", ’ .
T L8) TO L8R 84l

M 10 LR 8428

B ROUND NO==19999

; STOP AT LINE 2008

READY
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25MM PLASTIC CASE
AMMUNITION OEVELOPMENT

. s, (6
DAT
INGR
AMMO
oBEcTIVE:. 1o O & THe F Dr FTHAGES

Test Fixture: |1TRI, QIVERSAL, RIA.

Cartridge Case: Dwp. No 5K 300460, n.v. , Mat') \XVLDN (A~ 3B SuUas

, Met')

Dwg . .
Projectile: Dwg, No. 300357 Kov , Pll tlc hnd 3048 5rn|n.

Primer: Type , Lot No,
Flash Tube! Special,

. THID TH FUD GERAIA
Projectile Rctcntlon: ' NI Mylar, Jant_
;g:;t?l{: 1 9 Lc.!: :l; -
ellen S ' ‘ Rucaro
Aft Ch . , Lot No. .
[E-h»um.mlnur:"" , L:: N:. s 4 fr‘"
. "
M Onpp b Cogrs Neotdmew o 3 E A
o ldven  ©. 075/5,__5 (“’u-—'g/ c}a" ClusH ¢ 4\
Fivo AOUND PROPELLANT WT (GRAMS) TOTAL PROP, WT IGNITOR WY
j SHARGLE o, Fip JALL LlSERT {GRANS)
3 (€7 Lo 45: 9 - /z‘ 2 -3 7r
. a472-1J] 110 yo6 | 458 | -~ /36 .4 975 -
] L4/ b8 | 459 - /36,7 a7y .
Y
' Y72 2.2 | 455 ~ /33,7 o2
¢ 54973 i3 z, 7 45.8 ~ /38, 5 a.7§
E //4 £5.5 | 45.) /(37 2 0,75
co
g e | 28 | 452 4. 6 o7
E« 54652 A g, 2 45 - /25 7 o
% 47 275 | 45 /35 2 .70
¢ . Vx: 7. L, " (35,8 a2
i 75 V4 q0 6 454 T /7360 0,80
: ;’." /20 S, s J". / T PA T3 0,80
fg- _ .
é FORM NO. SuL-555-81
¢
é-.
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OPTION FOR P2 |sRR 2=PEMAXTR
DISTANCE TO FIRST LIGHT SCREEN?37.383
DISTANCE BETWEEN LIGHT SCRLENS?7.833
K=RAD I«YES 8&eNOT2

Pl MAX P2 MAX P MAX VELOCITY TIME B.Es PF.E. : '
HOUND NO==7189 Pwd Chy
T 6.3 -8 912 aras 8.76 022 .L6l
84.74 ° ¢ E472-1
LS1 TO LS8 Je89,
P TO LS2 3718
MOUND NOe«~?118 0.75 gm
64.8 -8 8,61 3.8 GeSE 022 243 .
T . ]
LS! TO LS8 3689
¥ TO LB2°3718
MOUND NO==211!
24.8 - 2.56 1827 1e.2 5, 20000E-0)

T.06 e 8.89
L31 TO L32 1834
M TO L3% 1888

HOUND NO==71}2

- PYI -2 5.64 3276 6,42 L8117 189

: 76,13 ) 1e4d 5473

] LS1 T0 LS2 3243

: P TO LSE 3270 0.75 gn
| ROUND NO=e?!13 .
88.8 -l 5,69 goge2 6.38 JBl4 178

; ‘ 79.83 ) 3.06

§ LS1 TO LS2 2912
P3 TO LS 2089
' ROUND NO==?114

1 - , 87.9 2 8,68 3974 6.42 N 11 20U
i 180.71 l.12 81
- ' LSl TO LSR2 ‘4849
; : R TO L8R 3987 :
; .
§ .
!
%\ s
' 227
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4
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e S b 0 s A

' A
4

ROUND NO==?118% _ L
da.8 o2 3.06 gige 917 7.00000K~03 8463 . -
cl‘;' |
61.68 52 7.88 B
15! T0 LS2 2103 , 0.70 gn £
P3 T0 LS2 2188 3
ROUND NO--?116 o
.2:'2 ol 2.73 1911 9.51 C.00808E-03 n

. At
€3.0¢ +78 8.89 bt
51 To LS2 1927 ‘ H
P3 10 LSP 1914 j
ROUND NO=~=?117
72,7 ot Bet 3677 8.9¢ $022 211
96-03 086 1-15 .!
LS1 T0 LS2 1459
P3 TO LS2 . 14 i
El

AT

ROUND NO=-«?7118

151 To LS2 3659
P3 TO LS2 3695 :
ROUND NO--7120

|

|

2.6 .2 3.48 1988 11,16  €.00080E~03 0.80 |
«137 ) |
]

71.97 2.39 TH

LSi 70 LS2 1995 |
P3 TO Ls2 1989 i
ROUND NO--79999

73.8 e 10,46 3833 22.63  .P23 .g08 M46-9 ;
i . . . . . . '
‘118.28 3.e2 e 0.75 gn 5
: LS1 TO LS2 3781 ¥
P3 10 LS2 3824 . 4
FOUND NO--27119 |
61,5 o2 12.81 atee 9.03 022 ,080 0.80 ¥
188,77 1.85% .01 d

STOP AT LINE 2000
READY
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ASD/ENYS
AUL/AUL-LSE-~70~239
USA Wpns Comd
Ballistic Res Labs/AMXBR-TB
Frankford Ars/Lib
SARPA-TS
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- USN Wea Ctr/Code 533

- Nav Air Sys Comd/Code AlR-5323

Battelle Memorial Inst/Rpts Lib
DoC
Comdr/Nav Spns Ctr/Code 51102
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AF1S/INTA
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