)

"9jes pue aseajas J|qnd 10} parosdde uaaq sey Juawnaop sy

SPiepuejs jo neaing |euolleN/IJYINNOD 40 LNINLYVLIA SN

NOLLVWHOINI WOINHOIL ONY QI4ILN3IDS T¥i3034 H0J
SSNOHONINVY3TD

."luawaueape |ea130j0uy23) pue
juawdojanap 21wou0de S,u01jey
3y} ajowo:d pue aaias ‘rajsoj 0, * * painqiysia

6961 AIn[ %g

sTOoUul(T] ‘o3ed1yd
2ini1isu] ysxessay LIl

LdADNOD DINVYED ANV SSVTID dTdiONVY A
NOdVAM W ZST 404 dSVD dOCIY.LYVD NOILVIANZO ANODIS

8¢6 10L AV

=y

P e o T T R TR P PR e N AR S R Y TR T A R e ey

DT 11 ooy, APt



i
}
t

- M !
. { N s ol ‘
3 vy - i ~ - .
5 - !
] PR . Wit "
2 . - s Y8 v . .
. s v ® u e °
. hS 1O 3o © . - ' .
<. . [y ' . .. .
= . " ) v T B : vt *
i- 5 . R & v ) K 5
R r . N : \ - [ “ N . .
o .- . A ot -
< v 4 ..
¥ o . . "

-

.'"E!mehbr..»ﬂiﬂlh;m g
.
.
=
7

Y

-

3
bisadiuliad
1

b

vt
N,
-

iEads
C
1 ]
.

o YT TRV # A W T SR, TR
AL L i
¥
lun il
»
- .
Y
2
'
-~ 3
v
.
.
(3
.
u
-
b ]
.
o
<
.
.
P
H
.
.
.
<
.
.
2
—

ot o
”~
,
\\

) .

Ml s

IEE———_ e
e et P e
. ) .
.
/
N
*
-

S o : N Final Report
. .. ‘ IITRI Project No. G6023-12
8 - . -

‘ ( SECOND GENERATION CARTRIDGE CASE FOR

E N ~157 nm WEAPON, FRANGIBLE GLASS AND
o, L Prepared for:

; ~ |=' o o Picatinny Arsenal

f , | Dover, New Jersey 07801
o | July 24, 1969

' . . Reproducud by the

I X R Y . CLEARINGHOUSE
for Federal Scientific & Technical

Information Springfield Va. 22151

i ' - . . ' N . :
. . ~ ‘ ‘ - . ‘ - -
. b

-




e 3 b eed T

|

e ——————— T - S5 LR temani o

IIT RESEARCH INSTITUTE
10 West 35th Street
Chicago, Illinois 60616

Final Report
Project No. G6023-12
Contract No., DAAA 20-68-C-1105

SECOND GENERATION CARTRIDGE CASE FOR 152 mm WEAPON
FRANGIBLE GLASS AND CERAMIC CONCEPT

Prepared for:

Picatinny Arsenal
Dover, New Jersey 07801

July 24, 1969

The findings in this report are not to be construed
as an official Department of the Army position,

Distribution of this document is unlimited.

11T RESEARCH INSTITUTE

TRV Y

SRR SR TReTES S

durssthe

o GRS r ReS R
-

Rt i ¢




rl

D

TABLE OF CONTENTS

8.2.2 Particle Size Data

8.3 - Mechanical Testing of Cartridge Cases
8.3.1 Materials Evaluation

8.3.1.1 Testing Procedures

8.3.1.2 Screening Tests

1T RESEARCH INSTITUTE
-1ii-

§ | - Abstract
‘ fi 1.0 Introduction
é 3 2.0 Objective, Procedures and Coals (Contractural)
f; % = 3.0 Program Plan
;i ; I 4.0 Materials Sources and Screening Tests
E f 5.0 Cartridge Case Design
3 I 6.0 Ballistic Testing
| % I 6.1 Test Series I and II
E{ ; 6.2 Test Series IIT
; _‘I 6.3 Test Series IV
? 6.4 Test Series V
. f 1 6.5 Analysis of the Results of Ballistic
: Testing on Tempered Glass Cartridge
: : Case Variables
| : l 7.0 Testing of XM-81 Scavenger System
§ 3 l 8.0 Laboratory Studies
§ 4 8.1 Analytical Study of the Motion of Glass
POk Particles and Their Influence on Round
U l Performance
; ? 8.2 Vented Bomb Experiments
X 5; l 8.2.1 Time-Pressure Results
]
1
'j;; l
11
1

Page

0 N W

10
13
13
16
19
21
24

27
29

32
34
36
37
37
37
40

R, i e 3 T [ PP TR YT A ACT A1

T




IR Rp————

R T

8.3.1.3
8.3.2
8.3.2.1
8.3.2.2
8.3.2.3
8.3.3

8.3.3.1
8.3.3.2

8.3.3‘3
8.3.4
8.3.4.5

8.4

Wall Thickness and Tempering Variables
Impact Studies

Test Procedures

Results

Analysis of Stresses

Impact Testing of Tempered Cartridge
Cases

Cartridge Cases with Simulated Propellarnt
Cartridge Cases with Simulated Propellant
and Projectile Specimens 0-1 202-8 and
0-1 202-11

Analysis of Stresses in Cartridge Cases
Interpretation of Test Results

Analysis of Glass Cartridge Case

Stress Levels in Chemically Tempered
Glass Cartridge Cases

9,0 Tempered Glass Cartridge Cases for Army Evaluation

10.0 Conclusions

11.0 Recommendations for Future Work

Tables I-XV

Figures 1-53

IIT RESEARCH INSTITUTE
=-ivye-

53
54

35
56
57
60

65

66
67-90
91-140

e e i




YR T FWL P TN B Y405 A teitmsaty

Gl bl bl bl bed b beed el eed el el

«..u....m!

4 wiauini. g

813

| ot |

o |

rwnd

1.0 INTRODUCTION

A major problem in fixed ammunition is the disposabilit:-
of cartridge cases. 1In close quarters, disposal after firing
is awkward and time consuming, while noxious gases are difficult
to remove. The cost of conventional brass cases 1s high,
materials are sometimes critical, and salvage is expensive.
For these reasons, the development of a consumable cartridge
case is of interest to the Army.

Glass, as a casing material for ammunition, has a
number of significant advantages. It is chemically and mechan-
ically durable and should protect the propellant against heat,
flame, and mechanical effects. It is structurally stable and
compatible with existing projectiles, guns, and vehicles. The
required raw materials are readily available, low in cost, and
domestic in origin. Glass should not produce noxious gases
or odors nor should it produce corrosion products which could
damage the gun.

Glass, in reality, is very strong, its theoretical
strength being in the order of millions of pounds per square
inch. Experimeutally, strengths have been measured to as high
as two million psi. The reason for the breakage in normal
glass is the occurrence of surface flaws; such glass having
strengths of approximately 10,000 psi.

The best known technique for strengthening glass is
by tempering. The mechanism is based on establishing a highly
stressed gradient within the gléss that counteracts the influence
of surface flaws. The surface of the glass is placed in com-
pression and the interior in tension.

There are three types of highly stressed or tempered
glasses that can be considered for cartridge cases. Thermally
stressed glasses are produced by heating to a high temperature

and rapidly cooling the outer surface. 7The maximum strength
that is generally achieved for a glass of this type is approxi-

20,000 psi. I'T RESEARCH INSTITUTE
-1-




TrYTRTTTRTEY T

0 i T A S il Al

“‘-.
]
j
il

|

=l e == e

™
b v -y

With chemically stressed glasses, the outer surfaces
are placed in a state of compression by ion packing. Eicher
lithium ions are replaced by larger sodium ions or sodium ious
are replaced by larger potassium ions. The process is =rformed
in molten salt baths. Greater stress differences can be achieved
in chemicaily stressed glasses and the uniformity of treatment.
is not restricted to shape considerations as in thermal stressing.
These giasses usually have thinner surface compressive layers

and the stress gradient is much greater than in thermally stressed
glass.

Chemically stressed glass-ceramics are similar to the
chemically stressed glasses. The main difference is that the
base material is a ceramic that has been made from a glass,
This type of material is much stronger than the chemically
stressed glass and therefore, has potential for better handling
characteristics, The maximum strength that has been achieved
in chemically stressed glass-ceramics is approximately 300,000
psi. A present practical limit is in the order of 130,000 psi.

The nature of highly stressed glass or glass-ceramics
is to be fragmentable on its destruction and as a cartridge
case material the vast maicrity of resulting particles should
be transported from the gun by the propellant gases. In this
program, design, fabrication, test and evaluation studies were
conducted to determine if the frangible glass or glass-~ceramic
approach was feasible and practical for Second Generation
152 mm Cartridge Cases.

11T RESEARCH INSTITUTE
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2.0+ OEJECTIVE, FROCEDURES AND GOALS (CONTRACTURAL

The objective of the program has. been to conduct an
exploratory development program, to determine che feasibility
and practicability of developing a second generation cartridge
case for the subiect weapon systems, that has as its prime
characteristics, self-disposibility, i.e. the case or its
tragments are not to be depnsited in the vehicle after firing.
Detail performance goals are listed in this scope, as is rele-

vant background iniormatior..” .S .
T

-,

The procedure: have been to initiate and conduct a
series of design, fabrication, test and evaluation cycles to
determine at the end of the contract period if the approactzs
will lead to a feasible, practical Second Generation Cartridge
Case that would at least meet the essential requirements.

At the conclusion of the contract period an evaluation
will be made by the government with the cooperation of the con-
tractor to determine whether continuation of the approach into
the advanced development phase is warranted or desirable.

The goals are such that the developed item shall have
the following characteristics:

a. Current STD "A" conventional tank gun ammunition shall
rrovide standards of cartridge case performance and safety.

b. The Second Generation Cartridge Case (SGCC) shall be
usable in the M81, XM162, and XM150, 152 mm Gun-Launchers with
only minor modifications and shall not degrade the performance
(interior, exterior and terminal ballistics) of any of the items.

c. Although weapon modification is not desired, some
modification of breech, chamber, firing mechanism and tube may
be necessary. The modified weapon must be capable of firing
an unmodified current Shillelagh GM without degradaiion of its
performance.

17T RESEARCH INSTITUTE
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d. The Second Generation Cartridge Case and the components

f the propulsion system shall leave no residue in the tube or
chamber that would be hazardous or would interfere with the
loading and firing of subsequent rounds. 7The effects of the
Second Generation Cartridge Case et al on weapon life shall be
equal to or less than that currently experienced wirh the present
C.C.C. Weapon life shall not be less than 200 rounds on tube

and 600 on breech.

e. It is desirable that the Second Generation Cartridge
Case and its componenis be as invulnerable as present STD "A"
metal cased tank ammo; i.e., the Second Generation Cartridge
Case shall be no more vulnerable thar 105 mm M60 Tank ammo under
similar vehiclie stowage and protection conditions when exposed
to the following hazards:

1. Fragment spray or flash resulting from penetration or
attack of the vehicle,

2. 1lnitiation of charge due to a fire in adjacent ammo.

f. It is essential that the Second Generation Cartridge
Case and components not be ignited by, and protect the propellant
from, lighted cigarettes, sparks or electrical shorts, short
duration flash flames, and friction caused by vibration of the
vehicle.

g. The complete round shall be resistant to long duration
open exposure at high humidity levels, moisture, and rain while
being in either the hnrizontal or vertical ammunition storage
racks and during unpacking. loading or off-loading during ccmbat
conditions., The essential standards of protection are provided
by current Standard "A" tank ammuaition.

h. 152 mm conventicnal ammunition emploving a Second
Generation Cartridge Case shall not use any cover or protective
barrier that must be stripped from the round prior to loading
after the complete round has been unpacked from its shipping
container and stocwed within the combat vehicle stowage racks.
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i. The complete 152 mm conventional ammunition round
shall be of the fixed type. The Second Generation Cartridge
Case shall suppert the projectile to the extent that sealing
and complete round alignmert is maintained during extended
transportation in the combat vehicle stowage racks and/or gun
i tube.

o AT TN

]

e

j. Rate of fire with the Second Generation Cartridge
Case shall not be less than that achieved with the combustible
cartridge case (3.7 rounds/min initial round in chamber).

[

E k. It is desired that the seating cf the complete round

‘ in the weapon be accomplished by stopping the round o~ a surface
of the Second Generation Cartridge Case rather than the leading

. edge of the rotating band. It is also desirable that an extractor
lip be provided on the Second Generation Cartridge Case compatible
i with the extractors on the weapons.

. v M aii)
d

)
- e

T 1. The Second Generation Cartridge Case shall be no more
& susceptible to in-chamber pre-ignition (cock-off) than present
. STD "A" wetal cased ammo under similar rates of fire.

- m. 152 mm conventionazl ammunition complete rounds utilizing
1 the SGCC shall be capable of withstanding the effects of rough

§ ! handling, including the five foot and twelve foot unpackaged

i drop tests, transportation and vibration in combat vehicle

i ammunition stowage racks for at least 2000 miles (4000 miles

desired} or one year (two years desired) with frequent loading

s
oy

and off-loading duriig maintenance periods under adverse environ-
mental and tactical conditions such as prevail in Southeast
Asia, without degradation of performance.

Lo

iy
]

n. 152 mm conventional ammunition complete rounds, utilizing
the Second Generation Cartridge Case, shall be capable of with-
standing the efifects of rough handling in loading, extraction,
transportation and vibration in the gun tube for at least 500
miles (1000 miles desired) with frequent extraction, stowage
and reloading under adverse environmental conditions specified :

s S el

: S
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in AR 705-15, with Change 1, adjusted where necessary to include
the hot, wet, and humid environment prevailing in Sonutheast Asia
and South America.

: o. 152 mm conventional ammunition complete rounds utilizing

the SGCC shall be capable of meeting world-wide environmental,

operational, storage, and transportation requirements outlined

in AR 705-15, with Change 1, adjusted where necessary to include

( the hot, wet, and humid environment prevailing in Southeast Asia
and South America.

p- Second Generation Cartridge Case ammo shall require

T TR
4 gL

no maintenance at the organizational level.

q. The Second Generation Cartridge Case when fired shall
not disperse lethal fragments outside a 10° conical volume, wich
apex at the muzzle and a cone length of 100 feet.

Rt M

—
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3.0 PRUGRAM PLAN

The program conducted is presented in Figure 1. Due
to long delivery times for glass cases and test samples, and
because of the urgency of the program, laboratory studies and
tests on full size prot.type cases were conducted concurrently.
During the program, six materials were evaluated in screening
tests and three selected for more intensive study. A total of
13 case designs of these three materials were evaluated. Cases
of three designs and two materials are being submitted to the
Army for further evaluation.

1Y RESEARCH INSTITUTE
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4.0 MATERIALS SOURCES AND SCREENING TESTS

All possible scurces of materials for this program
were contacted. These included seventeen companies of whom
seven responded as follows:

1. Ball Brothers Company

brockway Glass Company

Corning Glass Works, Inc.

General Electric Company, Lamp Division
Ford Motor Company, Glass Division
Glass Container Industry Research Corp.

~N O LN

Owens-I1llinois Company

Cfi these, Owens-Iliinois (0-1), Corning Glass Works
(Corning), and the Glass Container Industry Research Corp.
(GCIRC) submitted materials for initial screening tests. Test
samples were either tubular, approximately 3-in. long x l-in.
0.D. x 0.1-in. wall thickness, or tabular, 4-in. long x l-in.
wide x 0.1-in. thickness. Table I presents a tabulaticn of
all candidate materials. Screening tests included: static
strength, impact strength and particle size distribution.
Availability and cost of test specimens and cost of sample
cartridge cases also entered into the choice of materials.

Table II présents a summary of the properties of can-
¢ ‘ate materials as determined by experimental testing described
in Section 7.0 - Laboratory Studies. Of the three Corning
materials, the Chemcor 0313 was the least variable in properties,
the most versatile in forming, and the least expensive. These
aspects reflect the fact that this material has been in production
for several years. Its one disadvantage was that is was also
the lowest in strength. The other two Corning materials,
Pyrocerams, were stronger but more expensive, and delivery was
a problem. The 9611 material displayed considerable variability
in strength as compared to both the 9608 and Chemcor 0313. The
O0-I materials, Glass 202 and CERVIT 206, possessed good strength

1iT RESEARCH INSTITUTE
-8-

RS SRR

R ———

Mo waiamsiipaseice e -




oot et pderpg o 555 ien e

ey

tm«mmt_

and availability. There was a considerable spread in strength
values for these materials but it was not unexpected because
of their developmental status.

The tempered materials destructed as desired with
the Corning 9608 and 0326 yielding the coarsest particles. The
other materials yielded particles of smaller sizes without any
appreciable spread in particle size distribution. All of the
particles had rounded edges and were safe to handle without
fear of skin cuts.

On the basis of the abcve technical data, formability,
availability, and cost, it was decided to procure cases nade
of Chemcor 0313, 0-I Glass 202 and 0-I CERVIT 206 for Lallistic
testing. O0-I 202 glass was used for cases made for impact
studies. Chemcor 0313 was the material that was used to make
laboratory samples.

1T RESEARCH INSTITUTE
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5.0  CARTRIDGE CASE DESIGN

The initial cartridge case design is shown in Figure
2. The design consisted of a simple tubular shape with a 15°
taper in the wall to match the contour of the tube and breech
of the 152 mm gun/launcher. This design was selected in order
to provide a case that was easily fabricated, capable of modifi-
cation, and able to yield representative data on the performance
of a frangible glass case during ballistic testing. The techni-
ques of manufacture consisted of casting a tubular blank,

machining to size, acid-etching to remove surface flaws, chemical

tempering in a salt bath and inspection.

The base, a supporting flange, and the ignitor com-
ponents were portions of standard combustible cases machined
to size (Figures 3 and 4). These components were bonded to each
other with cellulose nitrate adhesive as shown in the assembly
view in Figure 5. The projectile was machined to the rear of
the rotating band (Figure 6) in order to mate it to the case.
The case was bonded to the projectile with epoxy resin. Silicone
rubber seals (Figures 7 and 8) were located at the tapered sec-
tion of the case and at the rear in order to assure sufficient
pressure across the case to fracture it. The fully assembled
case ready for firing in the 152 mm gun/launcher breech and
tube is shown in Figure 9.

After the results of the first series of tests, design
modifications were introduced in order to further the percentage
of case expulsion, provide a rear tempered glass base, and
improve the case design with better impact resisting features.

Figures 10 and 11 are straight-wall cylindrical designs
which provide added space betwezn the case and chamber wall.
This extra space produced increased turbulence, and allowed
more glass particles to enter the main flow of gases, thereby,
expelling a larger portion of the particles. The case in
Figure 10 has a 0.080-in. wall in order to reduce the amount

IIT RESEARCH INSTITUTE
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of glass to be expelled while the one in Figure 11 has a 0.125~in,
wall. The first design required full machining from either a
cast- oy blown blank. The case in Figure 1l is a design with
wider tolerances than those in Figure 10 and may be made either
by full machining or by partially machining a blown blank. No
machining is required on the outer diameter. Figure 12 shows a
single piece, straight-wall case with an integral base. This
case can also be made by using a blowing process and requires

no machining of the outer diameter. Wider tolerances are also
provided in this design.

Figures 13, 14 and 15 show case designs that also have
modifications to provide added space between the body of the
case and the chamber wall. The case in Figure 13 has a double
tapered wall with a decrease in diameter toward the rear in
moving from the front tapered section. With this design, added
space is provided between the case and the chamber wall tcward
the rear of the breech. However, this design was not made due
to difficulties in chucking the case during machining.

The design in Figure 14 provides added space between
the chamber wall and the case by the addition of longitudinal
flats machined on the outer surface. These run from the taper
to the rear. Radial grooves machined on the outer surface
between the taper and the rear of the case provide added space
between the case and chamber wall for the design in Figure 15.

In all designs, increased turbulence between the case and chamber
wall was anticipated which would aid particle entrainment in
exhausting gases.

A glass base was provided for the desigﬁs in Figures
10 ana 11 by the tempered glass bulkhead shown in Figure 16.
For the designs in Figures 2, 14 and 15, bulkheads of a larger
outer diameter of 6.02-in. were used. These plates were
assembled to combustible ignitor adopting components as shown
in Figure 17. These were then assembled to cases using flanges

as shown in Figure 4 for support. The cases with integral bases
IIT RESEARCH INSTITUTE
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needed only a combustible ignitor adapter and a combustible
ignitor tube.

In Figure 18 may be seen a picture of four shells
utilizing different designed cases. From left to right.
(1) a tapered sidewall case with longitudinal flats and a com-
bustible base, (2) a tapered sidewall case with circumferential
grooves and a combustible hase, (3) a straight sidewall case
with a separate glass base and (4) a straight sidewall case with
an integral base. The cases were painted for color coding in
order to identify particles from different portions of the case.

The final case design used in the program was an
integral base design without an ignitor assembly hole in the
base. This case was used for impact testing only and the hole
was omitted tn eliminate stress concentrating corners. A
drawing is shown in Figure 19 and the specifications for its
manufacture are shown in Table III.

11T RESEARCH INSTITUTE
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6.0 BALLISTIC TESTING

The ultimate utility of a consumable cartridge case
can best be determined in ballistic testing using full-sized
cases. A scries of such tests were conducted at Picatinny
Arsenal and Aberdeen Proving Grounds using different case designs
and ignition systems.

6.1 Test Series I and II

Thie first series of ballistic test firings were
conducted using two Corning 0313 tempered glass cartridge cases.
Firing No. 1 used the front and rear seal arrangement as shown
in Figure 9. A charge of 6 1b of propellant was used plus eight
extra ounces to provide energy usually contributed by the
combustible 152 mm case. The first projectile travelled at
2200 ft/sec while the second one was timed at 2220 ft/sec. The
peak pressure in the first firing was 35,020 psi and 35,100 psi
in the second. These values are comparable to those achieved
with combustible cartridge cases, and indicate no loss of per-
formance. A description of cases, variables examined and results
are given in Table IV.

In the first firing the buining propellant shattered
the case, and the front half of the case was exhausted out of
the muzzle. The portion of the case to the rear of the breech
seal was also shattered but had expanded to thne inner surface
of the chamber and the particles were locked in place. A
behavior of this type was previously obsexrved in vented bomb
tests on one inch diameter test cylinders (Section 8.2). At
that time the problem was believed to he caused by the gaskets
holding the particles in place or a lack of space for the parti-
cles to disperse. A test cylinder of tempered CERVIT 206 that
was slightly non-uniform in thickness and 0.D. concentricity
was observed to separate from the wall and largely exhaust from
the firing chamber. The improved exhausting of the particles

11T RESEARCH INSTITUTE
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was believed due tc turbulence caused by non-uniform fracturing
and subsequent dispersion of the particles.

For the second firing, the rear gasket was ramoved
to provide increased volume for turbulence in.the rear of the
breech. In order to insure fracture of the cylinder, a gasket
of the same type as the front gasket was placed on the outer
diameter 4-1/2-in. from the rear of the case. With this arrange-
ment of seals, a bursting pressure was assured between the
interior and the outer surface of the case between the gaskets.
The second shot shattered the case, and, as in the first shots
the front porticn of the case was ventea cut the muzzle. In
this test, the particles did not lock in place and those that
were not blown out the muzzle, settled down ~lcng the length;
particles consisting of approximately one-1alf the case weight
were deposited in the front portion of the chamber just behind
the pnint where the rifling began. Particles from all sections
of the case were found in the pile deposited before the rifling.
These could be identified by the color-coding of the cylindrical
portion of the case to the rear of the tapered section.

Apparentliy. the particles originally to the rear of
the tapered section, were moving toward the muzzle along the
chamber wall when they were impeded by the rifling; their
velocities dropped belor *that necessary to support them in the
gas stream and they f o the bottom of <he chamhe. behind
the rifling.

The second series of tests (Firing Nos. 3 and 4) were
with O-I CETVIT 206 and Corning 0313 using the standard ignition
systems for 152 mm ammunition. Besides using different meterials,
the arrangement of seals was varied in order to determine if
they greatly influenced the expelling of particles. In the
next two firings (Firing Nos. X-1 and 5), an ignition system
was tried in which a mild detonation fuse (MUF) was stranded
along the inside of the case wall.

1T RESEARCH INSTITUTE
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In Firings 3 and 4, the peak pressure and velocity
were of acceptable level, 35,000 psi and 2110 fps respectively.
The cases shattered as designed and all particles were broken
away from the walls of the chamber. In the firing of the 0-I
case, 74.57% of the particles were expelled while 78.3% of the
partizles from the Corning case were expelled. Both of these
firings w2re successful in that the cases shattered and a large
portion of particles were exbausted.

Firings 1 through 4 showed that the seal arrangement
is important in expelling particles. The removal of the rear
s2al in Program Firing 2 enahled the dispersal of the particles
from the chamber wall. A large portion of these were deposited
at the origin of the rifling. By removing the rear seal and
eliminating the front seal (Prcgram Firing No. 4), more of the
particles were allowed to enter tlie main gas stream and be
expelled.

{
For Firings X-1 and 5, a standard combustible case
and a prototype glass case were loaded with a MDF ignition system.

The objective of the MDF system of ignition was to:
(1) fracture the glass cace early in the ballistic cycle and
(2) create a turbulen' gas flow that could be beneficial in
expelling the glass fragments from the chamber and gun tube.

The standard blacl: powder igniter was eliminated and
replaced with the MDF as shown in I'igure 20. A length of 2 grain
PETN/FT MDF 14 inches long had one end flared out. The flared
end was loaded with a small charge of lead azide and the com-
bustible case base was fitted with the MDF. Two of these lengths
were used. To provide confinement, epoxy was cast around the
leads and on top of the initiation base ag shown. The MDF was
taped to the base in a spiral pattern on the sidewall. The
combustible case was loaded with a 6 1b charge of propellant
and the glass case with a 6.5 1b of propellent. The 2.5 1o of
extra propellant was added to compansate for the en=zrgy of the

combustible case. The epoxy was completely set at the vime of
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the final loading and firing. However, it was still in a slightly
plastic state and it pogsibly did not provide the desired amount
of confinement,

The firirg of both rounds (Firings X01 and 5) showed
longer than normal igunition delays, which would indicate that
the MDF did nect functlon. Poor ignition is also indicated by
the low velocity for both rounds, 2133 FPS for the combustible
case and 2179 FPS for the glass case. Normal expected velocity
is aboutr 2210 FPS. Examination of the chamber after firing the
glazs case, showed a large amount of glass particles pressed in
place nnto the chamber wall in the forward area of the chamher.

From the rasults it appears that ciie MDF {ailed to
ignite and, since black powder was omitted from these rounus,
the charge then had tc be ignited by the initiator at the base
of the chamber. A base-type of ignition of slow initial pressure
buildup probably resulted. A second possibility is that the
MDF did lgnite the propellant but did not ignite it rapidly
enough. Either type of ignition, obviously, was not desirable,
since this firing condition left more glass in the gun in an
unfaverable gecmetry than other test firings.

6.2 Test Series ITI

In ¢he third series of firings, one glass-ceramic and
three glass cases were loaded and tested - in & series of bailistic
firings (Table V). All, witl the exception of the warmer ~ound,
were loaded with loose puowder. The first firing of the day
(Nc. X-2) was with a warmer vound using a combustible cese and
a mild detonating fuge (MDF) iguition system. In the second
firing (No. 6), the MDF ignition system was used, with an O-1
glass-ceramic case of the same decign as previcusly tested
cases. In the third firing (No. 7), 2 c«zse of Corning 0313 glass
of reduced outer diameter and wail tiicknevs was used with the
MDF ignition system. The last two firings {Nos. 8 and 9) utilized
normal ignition with two Corning (313 cayges of reduced curer
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diameter and wall thickness. The former had a wall thickness
of 0.100-in. while the latter had a wall thickness of 0.080-in.

The warmer round (No. X-2) showed that the MDF
ignition system functioned properly, as the round displayed
acceptable velocity and pressure. A sketch of the MDF ignition
system is shown in Figure 21. The ignition end of MDF was held
in place by an aluminum bushing, which was bonded to the ignitor
housing. The MDF was positioned inside and up the combustible
ignitor tube a distance of about two inches; it was then passed
through the tube and back along the outside of the tube toward
the base. The MDF was passed across the inside surface of the
base and up the interior wall of the case sidewall in a spiral
pattern. Two MDF strands were used and they were located only
along the rear half of the cise. A normal electrical ignitor
was used which set off the lead azite in the ignition end of
~he MDF. The MDF set off the black powder which in turn set off
the propellen:. The primary function of the MDF was to provide
turbulence along its path which, hopefully, would enable dis-
persinn of glass particles into the exhausting gas stream.

In the firing of the 0-I CERVIT 206 case in Firing
No. 6, the case was completely shattered and none remained on
cthe chamber walls. As in Firing No. 3, fragments of this mate-
rial were about 1/2 x 1/? x 0.125-in. in size and the majoritcy
were exhausted. However, §7.8% of the particles were exahusted
using the MDF, while only 74.57 were exahusted with the normal
ignition system. Obsgervation of the breech wall revealed white
areas along the path of the MDF strands, indicating that the
MDF functiored as Jesired along the chamber wall.

In Fiving No. 7, the case shattered completely ¢ d
no particles rzmained cn the chamber walls. The cuse used in
the firing was of a reduced thickness (/).100-in.) and reducsd
ouzer <lameter (6.02G-in.) in comparison to previous firings.
With this type of design, smaller, lighter particies were
formed and greater turbulence was believed to occur, due to
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more space between the case and chamber wall. Both factors
should tcend to enable a higher percentage c¢f particles to be
entrained in the gas stream. In addition, MDF strands were
used for ignition. This case design exhausted 95.0% of its ‘
particles during the firing cycle with the majority of the %
retained particles being deposited at the origin of the rifling. §i

The case used in Firing No. 8 was identical to that
used in the previous firing but normal ignition was used instead
of the MDF system. In the firing 94.37 of the particles were
exhausted, but about two square inches of particles adhered
to the rear of tne breech sidewall in four areas. The case had
shattered completely although the adhering particles were still
locked together in their original juxtaposition after the case
shattered.

The case used in Firing No. 9 was similar in design
7 to those in Firing Nos. 7 and 8, except it was ounly 0.080-in.
in wall thickness. As with the previous cases, the case was
completely broken. However, as with Firing Wo. 8, about two
| square inches of particles adhered to the rear portion of the

B breech sidewall, althouvgh this time in two areas. It was
{; thought possible that the silicone grease which was used to
protect the piezoelectric pressure gauge may have caused the ,

| {~ sticking of particles to the chamber wall in Firing<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>