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FOREWORD

This effort was accomplished by Amron, Division of Gulf
and Western Industries, Inc., Waukesha, Wisconsin, under Con-
tract F08635-69-C-0222, with the Air Force Armament Laboratory.
The Project Monitor for the Armament Laboratory was Mr. David
G. Uhrig (DLDG). The period covered by the report was from 18
July 1969 to 17 July 1970.

Information in this report is embargoed under the Depart-
ment of State International Traffic In Arms Regulations. This
report may be released to foreign governments by departments or
agencies of the U. S. Government subject to approval of the Air
Force Armament Laboratory (DLDG), Eglin AFB, Florida 32542, or
higher authority within the Department of the Air Force. Pri-
vate individuals or firms require a Department of State export
license.

This technical report has been reviewed and is approved.

CHARLES PETRIDES
Acting Chief, Adv. Development Div.
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ABSTRACT

This report describes the design, development, and testing
of a 30mm aluminum cartridge case for the Air Force 30mm AX gun
system. The program proves that a 30mm cartridge case is feas-
ible and can be manufactured using the Aluminum Company of
America X7475 material. Also, the Amron-designed cartridge case
can be satisfactorily fired to the parameters set forth in the
contract covering this program. This effort consists of an in-
depth study of surface finishes that can be economically applied

to aluminum. This report also describes the successful applica-
tion of the XM-115 percussion primer (FA X10542585) developed by

the U. S. Army at Frankford Arsenal.

This document is subject to special export controls and
each transmittal to foreign governments or foreign
nationals may be made only with prior aDproval of the
Air Force Armament Laboratory (DLDG), Eglin AFB, Florida

32542.
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SECTION I

CASE DESIGN

GENERAL

The dimensional characteristics of the 30mm aluminum cart-
ridge case were determined by establishing:

1. Gun design parameters in sufficient detail to permit a
logical case design.

2. Case feasibility through selection of case material,
propellant, and primer and an analysis of the static stress
conditions.

The selection of the aluminum alloy, in close coordination
with Alcoa Research Laboratories, provided a material which is
not prone to splits or ruptures of the case body. The poss-
bility of primer leaks and primer setbacks was considered.

Amron has developed a technique to form the primer iocket,
which had proven in other case designs that leaks and setbacks
can be eliminated.

The case design is strong enough to withstand pressures of
65,000 to 70,000 psi. The initial investigation of suitable pro-
pellants for the round resulted in this pressure figure being
necessary to obtain the required muzzle velocity, based on the
specified 5000-grain projectile weight. Static stress calcula-
tions of case wall and bottom support the design feasibility.

Aluminum offers important and desirable weight-saving advan-

tages for 30mm cartridges. (See Figure 1).

GUN DESIGN PARAMETERS REQUIRED FOR CASE DESIGN

An aluminum cartridge case, like a case design in any other
material, requires certain restrictions in the dimensioning of
barrel, chamber, and bolt components of a weapon.

During the combustion of the propellant, the cartridge case
grows in diameter until it fills completely the space between
chamber wall and cartridge case outer diameter. The contiruing
pressure makes the barrel grow diametrically within its elastic
limit. The case continues to grow with the barrel and is limited

5, by the latter's expansion.
p

The wall thickness of the barrel material in the chamber
area has to be carefully predetermined in order to eliminate un-
desirable overexpansion of the aluminum under pressure. For
this reason, preliminary maximum and minimum chamber diameters
have been determined as a restrictive guideline for the gun
designer.

The longitudinal case expansion follows the same trend.

In this case, preliminary maximum and minimum dimensions of
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Figure 1 30mm Aluminum Cartridge Case
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case datum line to bolt face have been established as restrictive
guidelines for the gun designer.

The rear end of each cartridge case protrudes out of the
barrel and is unsupported by the sidewall of the latter. Nat-
urally, it is very desirable to hold the length of the unsup-
ported case area to a minimum. Preliminary restrictive guide-
lines for the gun designer were established. Within the unsup-
ported rear end of the cartridge case falls the area of the case
extractor. The design study allotted sufficient space for a
sturdy and strong extractor without sacrificing too much rear
end support.

The final gun chamber design is shown in Figure 2, Chamber

30mm.

PROPELLANTS

1. General

The preliminary cartridge case design was based on the
data provided in the RFP (projectile weight = 5,000 grains, muz-
zle velocity = 3,500 fps, and maximum chamber pressure = 60,000
psi) and the following calculations and assumptions.

2. Propellant Evaluation

The question of propellant type and characteristics was
initially considered in order to establish the required case
volume. This evaluation was developed as follows:

RFP Specifications: Projectile weight - 5,000 grains
(0.7143 lb.)

Diameter - 30mm(l.1811 in.)

Muzzle velocity - 3,500 fps

Maximum chamber
pressure - 60,000 psi

Calculated: K.E. = W V2 = 0.7143 x 35002/2X32.174
2g = 135,975 ft-lb. muzzle

energy of projectile with-
out propellant

Assumption: If the propellant translated 30% of its
potential energy to emergence of the pro-
jectile from the muzzle, then 135,975/
0.30 = 453,250 ft-lb. would be required
from the propellant, and if a propellant
contained 1,355,000 ft-lb. energy per
pound, 453,250/1,355,000 = 0.334 lb. of
propellant would be required. This con-
verted to 0.334 lb. x 7,000 grains per lb =
2340 grains of propellant. Thus, 2340 gr/
200 gr per cubic inch = 11.7 cu. in. for

3
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propellant, or 2340 gr/250 gr per cubic
inch = 9.4 cu in. for propellant would be
needed.

3. Suggested Propellants

Propellants suggested by propellant manufacturers were:

a. Olin Mathieson, East Alton, Illinois

WC-880 (Spherical Powder)

Volume - nearly 20 cu in.
Weight - about 2100 grains For 90 in. pro-
Maximum Pressure - 53,000 psi jectile travel

Volume - nearly 11 cu in.
Weight - about 2350 grains For 80 in. pro-
Maximum Pressure - 58,000 psi jectile travel

Action Time - 3.8 millisec.
Time-to-peak Pressure - 1.6 millisec. 3
Propellant Density - 0.96 g/cc (243 grains/in.3)

b. Hercules, Wilmington, Delaware

Hercules No. - HES6928

Volume - about 13 cu in. (for 85 in. projectile
travel)

Weight - 2650 grains
Maximum pressure - 58,000 psi
Burn-out Time - 2.5 millisec.
Time-to-peak Pressure - 1 millisec.
Propellant Density - 227 grains/in.

3

Propellant Grain - 7% NG, d -0.02 in., OD- 0.15 in.
L - 0.25 in., Cool Burning

(27000K, 24270c, 44000F),
Methyl Centralite

c. Canadian Industries Ltd., Montreal, Quebec

Methyl Centralite (5.9%) with 0.024 to 0.27 in. web

Volume - 10 cu in. (85 in. from case head to
muzzle)
Weight - 2250 grains
Maximum Pressure - 57,600 psi (3610 ft/sec and
0.0242 in. web)

Action Time - about 4 millisec
Time-to-peak Pressure - 1 to 1.5 millisec.
Propellant Density - 0.89 g/cc (225 grains/in.3)

d. Du Pont de Nemours, Wilmington, Delaware

IMR-8325 or IMR-8261M with loading densities of
.92 and .95 gram per milliliter.

5



4. Actual

In actuality, the final firings used 2350 grains of
C.I.L. 1379C. At .966 specific gravity, this occupies 9.62 cu
in. Data for this propellant is shown in Table I.

TABLE I. PROPELLANT DATA

Manufacturer - Canadian Industries Limited
Type: SPDN Lot: EXP - 1379-C Batch No. 3739
Analysis of Nitrocellulose

Blends % Nitrogen % E/A. Sol. K1 Test Stability
65.5 0C 134.5 0C

C(l) 205Average 13.11 35.80 36+ 30

FINISHED PROPELLANT TEST DATA

Composition
Constituents Formula % C.I.L.%

Nitrocellulose Remainder 93.52
Methyl Centralite 6.0 Nominal 4.20
Diphenylamine 0.7 to 1.0 0.83
Pot. Sulphate 1.5 Maximum .61
Lead Carbonate 0.6 to 1.0 0.84
Moisture 1.0 ± 0.25 1.00
Residual Solvent 1.1 Maximum 0.77
Volatiles Total 2.35 Maximum 1.77
Graphite --- 0.25
Dust and Foreign
Matters 0.075 Maximum 0.01

GRAIN DIMENSIONS (in inches)

Length Diameter Perforation Diameter Mean Web

Die .0909 .101 .015
Finished .0825 .0657 .0071 0.0293

The case volume behind the projectile was therefore
chosen to be between 10 and 11 cu in. The case drawn for this
proposal, as shown on RE-5-102 (Figure 3), contained approxi-
mately 10.7 cu in. behind the projectile.

The extra case volume was selected to provide for the
following possibilities:

a. Heavier projectiles with same velocity

b. Higher velocity with same weight projectiles

c. Decreased velocities due to barrel erosion

6
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d. Shorter barrel

e. Lower bulk density propellant

f. Recommended 14% of case volume as air space

g. Lower energy propellant

h. Increased projectile insertion into case

If none of these prove to be required or desirable, the
case volume could be reduced up to 1.4 cu in. and the case length
by 0.7 inches.

ANTICIPATED DESIGN DIFFICULTIES

No development program could be expected without its in-
herent difficulties; however, the probability of successful
accomplishment of the development is enhanced if these diffi-
culties are recognized beforehand. The development program for

this 30mm aluminum cartridge case was no exception, and the fol-
lowing were recognized as possible problem areas:

1. Primer Setback, Primer Leaks, and Blown Primers

Difficulties of this type had been encountered in
earlier efforts to develop aluminum cartridge cases as substi-
tutes for existing brass or steel case designs. Severe primer
leaks or blown primers result in varying degrees of hot gas
erosion of the cartridge case head. Such difficulties are be-
lieved to be caused by undue expansion of the case head under
pressure, surface irregularities in the primer pocket which were
introduced during fabrication of the case or insertion of the
primer, and inadequate design attention to the need for primer
obturation.

The general approach to elimination of primer area dif-
ficulties was to recognize these potential problems in the
design of the cartridge case head and primer pocket and to exer-
cise due caution in producing a smooth primer pocket and keeping
it smooth during primer insertion.

Further discussion of this problem is presented in the
Test Firing section of this report.

2. Splits, Ruptures, and Case Erosion

Difficulties of this type had also been encountered in
both earlier and current efforts to substitute aluminum for brass
or steel designs. Either a longitudinal split or a circumfer-
ential rupture can lead to extensive hot gas erosion of the case
and damage to the barrel. Such erosion is believed to be a
split or rupture which occurred early in the interior ballistics
cycle. Ruptures occurred mostly on caliber .50 cases made a
decade ago, or earlier and were believed to have been caused by
circumferential irregularities, sometimes called "shock lines,
introduced into the case walls during fabrication. Ruptures were
not a problem in the current efforts.
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Splits were known to be associated with longitudinal
discontinuities, such as tool scratches, and were believed to be
associated with additional factors such as the notch toughness of
the case material and the lack of uniformity and degree of lubri-
city of the exterior surface of the case. It seemed reasonable
to suppose that such factors as chamber clearance an(' "crush up"
could also contribute to these failures.

The general approach to eliminate splits and erosion was
to select a notch tough alloy and temper, to recognize the poten-
tial problems when designing the case, to exercise due caution in
producing cases free of metallurgical or mechanical discontin-
uities, and to develop a finish which would provide and maintain
a uniform lubricity of the required degree over t1&e entire sur-
face of the case.

Firings of aluminum cartridge cases indicated that the
aluminum industry's improvements in molten metal filtration
techniques, ingot casting techniques, and controlled atmosphere
annealing to reduce surface oxide have had the anticipated ef-
fect of reducing splits and erosion. Although the problem re-
mained and there were no reliable predictions as to how exten-
sive it would be on a new and different case, it seemed reason-
able to expect its occurrence could be reduced to one per many
thousand rounds and to make a determined effort to eliminate it
entirely because of the seriousness of its consequences. This
effort did not include the firing of enough rounds to fully test
this.

Further discussion of this problem is also presented in
the Test Firing section of this report.

MATERIAL SELECTION

In designing a cartridge case to meet the severe demands
of an automatic aircraft cannon, the four stages of cartridge
case life were given careful consideration. During the first
stage a cartridge case must function as a package. It must pro-
tect its contents from damage through handling and environment,
and it must have sufficient strength to retain a heavy project-
ile and a primer.

During the second stage of its life, the cartridge case be-
comes a working part of a highly complex piece of machinery. In
this capacity, it must be closely dimensioned, and it must re-
main an integral structural unit as it passes through the weapon's
feeder mechanism. Depending on the design of the weapon, the
cartridge case may be expected during feeding to receive severe
blows and travel at high rates of speed with sudden stops, and
yet retain its structural integrity.

The third stage is the actual firing. The cartridge case
is expected to function as a high pressure vessel, to obturate,
to return to a configuration smaller than the weapon's chamber,
and to be easily extracted. During this state, the case is ex-
pected to produce minimal wear, leave no residue, and be free
from fractures.



The fourth stage completes the cycle with the cartridge
case passing through the ejection system and becoming scrap
material.

If the customary cartridge case materials are considered in
the light of the above criteria, it is apparent that each mat-
erial has its own strengths and weaknesses. Cartridge brass,
for example, performs fairly well as a packaging material but is
subject to severe corrosion in some environments and lacks suf-
ficient strength to withstand abusive handling. As a machine
part, brass has optimum properties, and when properly supported,
performs well as a high pressure vessel, but is undesirably
heavy within the context of an aircraft system where weight is
important. In the fourth category, that of becoming scrap metal,
lies another major area of disadvantage due to the high cost and
the resulting loss of brass as a strategic material. In con-
trast, a heat-treated steel cartridge case provides an optimum
packaging material, particularly when plated with zinc to pro-
vide cathcdic protection. A steel case functions well as a
machine part and as a high pressure vessel but does produce
greater wear on the mating surfaces of the weapon. The weight
of the steel case, as with brass, is a disadvantage from the
standpoint of the load in an aircraft. As scrap, steel is ex-
cellent since it does not represent any great loss of strategic
materials.

Aluminum seems to fulfill all of the desirable features for
a cartridge case material. In the higher strength heat-treat-
able alloys, suitable mechanical properties are developed to
give "package-ability"; with the application of suitable coat-
ings and heat treatments, the cases can be expected to stand up
well under handling and environmental conditions. Unfinished
aluminum's tendency to gall and seize in contact with moving
steel parts and the abrasive nature of an anodic coating, com-
bined with the obvious shift in the center of gravity of the
round, may present a problem in existing, feeder designs. There-
fore, the use of lubricant-impregnated coating alleviates part
of the problem, but the center-of-gravity difference must be
considered and allowed for during weapon design. Aluminum cart-
ridge cases have successfully functioned as high pressure vessels.

The tendency for a cartridge case to stick in the chamber

and cause extraction problems is primarily a function of:

o the materi2. modulus of elasticity;

o the radial clearance between the cartridge case and
chamber wall;

o the thickness of the chamber;

o the taper of case and chamber; and

o the coefficient of friction between the cartridge case
and the chamber wall.

10



CARTRIDGE CASE DESIGN CRITERIA

I. Propellant Weight

Propellant Weight - 2340 grains

2. Case Volume

Case Volume = Propellant Weight = 2340 grains

Estimated Propellant Density 225 gr/cu in.

=10.40 cu in.

3. Maximum Working Chamber Pressure

Maximum Working Chamber Pressure = 60,000 psi x 1.14(Saf ety Factor)

= 68,400 psi

4. Maximum Cartridge Case Diameter at Head

The final design (Figure 3) shows a maximum case out-
side diameter of 1.78 inches although earlier calculations began
with an outside diameter of 1.92 inches. With a case outside
diameter of 1.92 inches, the wall thickness of the barrel would
be approximately 0.73 inch. Since gun weight would be excessive
under these conditions, the case chamber diameter was reduced to
1.75 inches (while the volume was kept constant), permitting a
significantly smaller barrel wall thickness of 0.57 inch minimum
at the chamber. This relationship, which is illustrated graph-
ically in Figure 4, limits chamber wall deflection to 0.004 inch
on the radius.

5. Case Material

The following data, supplied by Alcoa, are applicable
to X7475 alloy in*T73 condition:

Typical Tensile Strength (ultimate) = 72,000 psi

Typical Tensile Yield Strength = 62,000 psi

Typical Shear Strength - 43,000 psi

Modulus of Elasticity - 10.4 x 106 psi

6. Muzzle Energy

Muzzle Energy = W V2 = 136,000 ft-lb

Wb = Projectile weight (lb)

Vo = Muzzle velosity (ft/sec)

g = Acceleration of gravity (ft/sec2)
*T73 is a patented Alcoa process

11



Wall Thickness Calculated with a Chamber
Deflection of . 008 in. on the Diameter
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CHAMBER DIAMETER IN INCHES

Figure 4 Chamber Diameter Versus Barrel Wall Thickness at
1.130 in. Base Diameter Location on Cartridge Case
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7. Muzzle Impulse

1= Wb V°  + Wp V0 = 96.00 lb/sec

g 2g

Wb = Projectile weight (ib)

VO = Muzzle velocity (ft/sec)

Wp = Propellant weight (lb)

g = Accerleration of gravity (ft/sec2)

DIMENSIONAL CHARACTERISTICS

1. General

The dimensional characteristics can certainly be deter-
mined during the design phase of the weapon. The coefficient of
friction appears to be most favorable, based on recent tests con-
ducted by the Alcoa Research Laboratories, where the aluminum,
with suitable surface treatments, has a coefficient considerably
below that of either zinc-plated steel or cartridge brass. If
the alloy used and the design of the cartridge case are correct,
the only detrimental feature would be the lower tear strength/
yield strength ratio. This ratio describes the ability of a
material to resist propagation of cracks in either an elastic or
plastic stress field. The curves shown on Figure 5 are taken
from current research work being conducted at the Alcoa Research
Laboratories and show the relationship between cartridge brass
and possible aluminum alloys under consideration for use in car-
tridge case manufacture. Improving the characteristic of this
ratio through modification of chemistry and processing tech-
niques was accomplished.

a. Explanation of Engineering Curve (Figure 5
Tear Strength/Yield Strength Ratio)

The curves shown illustrate one of the character-
istics which is felt to be the key to success in the utilization
of aluminum for cartridge case manufacture. The curves show the
relationship between tear strength and yield strength of various
aluminum alloys and various heat treatments in relation to the
same characteristic in 70/30 cartridge brass. The data were
obtained using sheet specimens, conventional for yield strength,
and notched specimens for tear strength measurements. The spec-
imens had been rolled to various dimensions and selectively heat-
treated to represent various areas of a brass 20mm cartridge
case design.

The continuous line, identified Al-Zn-Mg T6, rep-
resents the present behavior for this alloy system, and the
dashed line, identified Al-Zn-Mg 1.5 Cu,establishes the be-
havior for that alloy system.

13
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