THE EFFECTS OF IGNITER DESIGN ON

THE INTERIOR BALLISTIC
PERFORMANCE OF DETERRENT
COATED PROPELLANTS

WARFIGHTER FOCUSED.

Dr. Thelma G. Mannmg Dr Eugene Rozumov Duncan Park CarltonAdam

Dr. Joseph Laqwdara and Christopher ltylacl\/lurray ,Jim WedW|ck
H{S Army RDECOM ARDEC and Alliant Tech Systems
46  Annual Gun & Missile Systems Conference & Exhibition

Hyatt Regency, Miami, Florida ,August 29-September 1,2011

Approved for public release: distribution is unlimited.



Bﬂfﬂ@ Acknowledgement

* Michael E. Ellis, Allan Cohen and Steven Gilbert, US Army Armament Research,
Development and Engineering Center , RDAR-MEM-J, B65, Medium and Cannon Caliber
Munitions Branch, Munitions System & Technology Directorate
Picatinny, NJ 07806-5000, Phone: (973) 724-6052/3852, Email:
michael.e.ellis@us.army.mil and steven.gilbert@us.army.mil]

« Christina Morales, Propellant Manufacture and Producibility Branch, US Army
Armament Research, Development and Engineering Center

+ Alan Sweet and William Goldberg, Packaging Division , US Army Armament Research,
Development and Engineering Center

* Dr. Brian Fuchs, Chair, US Army Insensitive Munitions Board, US Army Armament
Research, Development and Engineering Center, RDAR-MEE-W, B3024,
brian.edward.fuchs@us.army.mil, (973)724-4772.

* Dr. Ernie Baker, RDAR-MEE-W, US Army Insensitive Munitions S & T, US Army
Armament Research, Development and Engineering Center, RDAR-MEE-W, B3022,
ernie.l.baker@us.army.mil, (973)724-5097.

« Chris Brandt/Ralph Obrera, QA, B65, US Army Armament Research, Development
and Engineering Center , RDAR-QEM-F, B62, Quality Assurance, Munitions Branch,
Munitions System & Technology Directorate

+ James Wedwick, ATK, Program Manager, Radford Army Ammunition Plant

*  Christopher McMurray, ATK, Propellant Development Engineer, Radford Army
Ammunition Plant

+ Kelly B. Moran, ATK, Chemical Engineer, Radford Army Ammunition Plant,

« W.J.and D.A. Worrell, ATK, Production Engineer, Radford Army Ammunition Plant

+ Steven Ritchie, ATK, Propellant Development Manager, Radford Army Ammunition Plant

Malcolm Baldrig

Nafionapteve Lightsey and Matt Brian, National Technical Systems (NTS), Camden, Arkansas,

Quahty Insensitive Munitions Testing, steve.lightsey@ntscorp.com
war

’ Ry award Approved for public release. WARFIGHTER FOCUSED.’
Distribution is unlimited



mailto:steven.gilbert@us.army.mil
mailto:brian.edward.fuchs@us.army.mil
mailto:ernie.l.baker@us.army.mil

Briefing Outline

* OQverview

» System Description
* Performance Test
* [M Test

* Conclusions

Approved for public release. WARFIGHTER FOCUSED."
Distribution is unlimited



Bﬂfﬂﬂ@ Purpose of the Program
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Develop an environmentally frlendly
propellant for medium caliber = / T
applications = | \

— Elimination of ether and

alcohol processing solvents

—No ingredients from the EPA watch
list

— Step improvement of IM performance

Natlonal

yré

Quality

ard Approved for public release. WARFIGHTER FOCUSED."
Distribution is unlimited



BDEG@ Snapshot of Program

= Solventless PAP8386 tailored for medium
caliber

= M793/PGU-23 selected as test vehicle

— Ignition system optimized for propellant

— Ballistics demonstrated across
temperatures

— Insensitive Munitions Testing of M793
Vented Cartridge Cases and PA125
Container with Developmental PAP-8386

Propellant
Riiow .
lggggw IM testing completed

1
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RDECOM®  Vented Case and Container &&

* Despite the improved IM properties of PAP-8386
propellant a system level approach is needed for all of

the IM tests
« A separate ARDEC program has developed a vented
case and container
— Designed to relieve undesired pressure

— This case and container are expected to provide improved
IM response of the loaded round to the Slow Cook-Off test

In particular
 Vented cases and containers were used for the IM test

Ma]cnh.n Baldrige
National
Quality
Award
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Technical Approach

* Propellant Manufacturing at RFAAP

* Propellant Testing
— Reproducibity (RFAAP)
« PVAT (-46C, +21C, +63C)
« Chemical and physical
— Characterization

* Insensitive Munitions Testing ( Mil Std
2105C) (NTS)

Ma]cnh.n Baldrige
National
Quality
Award
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BDECOM

SMALL SCALE SENSITIVITY

SCREENING TEST

Propellant ERL Type 12 Electrostatic BAM Friction (N)
Impact 50% point Discharge Test
(cm) (ESD) N ( NEWTON)
NR ( NO
REACTION)
RDX 24.8+ 1.2 - 212N reacted
Lot # 21-18 25.1+ 1.7 188N 10/10 no go
RPD380 27.1+2.1 NR 20 trials @ 0.25 | 192N reacted
Lot # ARVO1A002001 Joules 168N 10/10 no go
L1IM 27.6+1.5 NR 20 trials @ 0.25 | 212N reacted
Lot # NC-00J2890 Joules 188N 10/10 no go
JA2 32.0x1.4 NR 20 trials @ 0.25 | 212N reacted
Lot # PD-065-5 Joules 188N 10/10 no go
M14 48.4 +1.3 NR 20 trials @ 0.25 | 252N reacted
Joules 240N 10/10 no go
PAP-8386 (RPD-469) 2544 1.2 NR 20 trials @0.25 | 252N reacted
4L L Joules 240N 10/10 no go

Malcolm Baldrige

ational

Quality
ward

2007 Award
Recipient

PAP-8386 is less impact sensitive than M14 and JA2 propellant

Distribution is unlimited
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Solventless
Propellant Process

RDECOM )
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- Technical Progress
AL EL‘”@ Ignition Study Using Flash
b

Frojectile

PAP-8386

Loaded Round

Malcolm Baldrige

atjonal
Ag;llgtcllltv Flash Tube
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BDEB@ Pressure Velocity Action Time

( PVAT at +63C, +21C and -46C)

Pressure Vs. Temperature

PVAT RESULTS MET THE

PERFORMANCE SPECS
Velocity Vs. Temperature ®
N é: # 2 Booster Pellets l 66 46 Tiiperawre (i;c) -20 -40 0
\ § = 3 Booster Pellets
N g Figure 1: Pressure Vs Temperature
N results from cold walk-down
s Action Time Vs. Temperature
80 6'0 4'0 2'0 (') -2'0 -4'0 -60
Temperature (°C)
Figure 2: Velocity Vs Temperature results !
for cold walk-down
Figure 3: Action Time Vs
1{1‘“3}‘{"5}‘;';? Temperature .

u 1t
Q ‘i y results for cold walk-down S et o
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PAP-8386 Pressure
Final Performance Across Tem

RDECOM )

el —

afll=» Pressure vs
Temperature

@i \/elocity vs.
Temperature
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Temperature, (0 C)

Action Time( ms)
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Propellant
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Action Time, (=~
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Recommended Testing

Per STANAG 4240 ( Edition 2)
Complete engulfment of the test item by the
fire for a min of 20 min

Per STANAG 4382 ( Edition 2)

Test item to be pre -conditioned at +50°C for
8 hours prior to test or until it reaches
equilibrium at +50°C

Oven temperature to be increased +3.3°C per
hour from +50°C

Per STANAG 4241 ( Edition 2).
0.50 cal Type M2 AP bullet @velocity of
2790466 ft/sec

Per STANAG 4496 ( Edition 1).
0.50 inch mild steel conical
fragment@velocity of 8,300£300 ft/sec

Per STANAG 4526 ( Edition 1, Ratification

11,1V,V (PASS) bty

81mm shaped charge loaded with LX-14
Impact at the propellant location

Per STANAG 4396 (Edition 2)

11 : |\/’V ( PASS) : Required if SCJI test is a failure

81mm shaped charge loaded with Comp B

roved 10T puniC TETEEsE. TECHNOLOGY DRIVEN. WARFIGHTER FOCUSED."
Distribution is unlimite




RDECOM * Modified Ammunition

Configuration

« General Information
— All tests to be repeated
— 1 or 2 Cans per test
— 2 Groups of 15 linked rounds

L~ CONTAINER

F R PA
R «—Projectile

i
L]
—PLATE, RESTRAINING | ‘

per Can — .’\-' SEPARATOR ASSEMBLY ‘
— Rounds are modified M793 ; 1 S ——
configuration P e
. N Case
— Energetic cpmponents PA125 Ammunition
* M115 primer Container

« IB-52 pellets
- PAP-8386 propellant,

— Projectiles are inert £
* Not traced

Propellant

Flashtube w/
IB52 Pellets

Primer

Malcolm Baldrige
atlonal
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ADECONID Ammunition Configuration

Vented Cases

|

N

L—CONTAINER

~ FILLER PAD

PLATE, RESTRAINING
-SEPARATOR ASSEMBLY

—~PLATE, RESTRAINING

FILLER PAD

Ammunition
Container
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ROECOM )

Fast Cook-Off

The liquid fuel fire (FCO) tests were conducted IAW MIL-STD-
2105C, 14 Jul 2003 and STANAG 4240(Edition 2), 15 Apr 2003 and
the test plan to determine and evaluate the response of the test item
to a rapid heating in a liquid fire, which completely engulfs the
PA125 container packed with 30 rounds of M793 25-mm vented
cartridge cases.

— Fuel Basin 14° W x 20°L to be filled with 1000 gallons JET A1 Fuel. From the
control room, the JET A fuel was ignited underneath the test unit.

— Minimum of 30 minutes complete engulfment

— Average flame Temperature 1733-1754°F minimum

— One (1) ammunition container per test

— Container centered approximately 36 in. above fuel pan

— Four(4) thermocouples to be placed on each container

— One (1) on each side of the container

— Four (4) blast transducers positioned as shown on next page

iH WO (2) video cameras positioned as shown on next page

tional
Qﬂflﬁ";éamperature profile and reaction history to be recorded.

Award After testing visual inspection and mapping was performed after the safety waiting time.
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Modified PA-125 Container Packed with

25mm M793 Training Rounds
S ’%&?\ /
Holding Stand/Tahble

36" £2" /
Fuel Pan(s)
v /

ELEVATION VIEW

Expanded Metal Basket

P

TC-2
40-60 mm
TC3
TC-1
*
40-60 mm A 40-60 mm
-+ — b E—
40-60 mm
.77
TC-4
PLAN VIEW

Thermocouple Placement

Malcolm Baldrige Fast Cook-Off

ationa] NOT TO SCALE
QualitV Figure 5 Post Test Results
Award Fast Cook-Off Test Setup T/S 151-180 / Test 2
] Fast Cook-Off Test
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rDECOM ) Fast Cook-Off - Test Set-Up m

100" Marker
=

MModified PA-125 Container Packed with
2bmm M793 Training Rounds ﬁFuel Panis)

T

100" Marker
. EI

Standard Video
With Audio

35 ft

NOT TO SCALE

Standard Video
With Audio
100" Marker
/| =
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Test Setup
T/S 121-150 / Test 1
Fast Cook-Off Test

Test Setup
T/S 121-150 / Test 1
Fast Cook-Off Test

7’&3%‘2’““ Approved for public release. WARFIGHTER FOCUSED."
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RIFgot1)) Fast Cook-Off — Test Result

S/IN: 121-150

Fuel Type Jet-A Avg. Flame Temp 1754°F
Fuel Quantity 1000 Gallons Time to reach 1022°F 12 Seconds
Pan Dimensions 14'W x 20°L
Reaction Type Type IV Reaction
Probe Number Distance PSI Probe Number Distance PSI

1 25’ 0 4 25 0

2 35 0 5 35’ 0

Results: At 1810 on 3/18/10 the fire was ignited. The first reaction was approximately 2 minutes into
the fire and continued for approximately 3 minutes. There was no debris found out past61'. There was
no recordable blast pressure. The fire burned for approximately 30 minutes. All explosives were
consumed except for one Live Primer End Cap. The High Vent side of the PA 125 Container was facing

90°.

g
o

Post Test Results
T/S 121-150 / Test 1
Fast Cook-Off Test

Post Test Results
T/S 121-150 / Test 1
Fast Cook-Off Test
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- ) AT P
ROEAS ) Fast Cook-Off Test Result JEILS (#TN

S/N: 151-180

Fuel Type Jet-A Avg. Flame Temp 1733°F
Fuel Quantity 1000 Gallons Time to reach 1022°F 32 Seconds
Pan Dimensions 14'W x 20°L
Reaction Type Type IV Reaction
Probe Number Distance PSI Probe Number Distance PSI

1 29 0 4 25 0

2 39 0 9 39’ 0

Results: At 1922 on 3/19/10 the fire was ignited. The first reaction was approximately 3 minutes into
the fire and lasted approximately 1 minute. There was no debris found out past 70'. There was no
recordable blast pressure. The fire burned for approximately 30 minutes. All explosives were consumed
except for one Live Primer End Cap. The High Vent side was facing 270°.

Post Test Results
T/S 151-180 / Test 2
Fast Cook-Off Test

Post Test Results
T/S 151-180 / Test 2
Fast Cook-Off Test




RDECOM Slow Cook-Off

The Slow Cook-Off (SCO) tests were conducted IAW MIL-STD-2105C, 14 Jul 2003 and
STANAG 4240(Edition 2), 15 Apr 2003 and the test plan to determine and evaluate the
response of the PA125 container packed with 30 rounds of M793 25-mm vented cartridge

cases when subjected to a gradual increasing heat temperature at a rate of 50 F per hour
until reaction occurs.

A4 X 4" expanded metal grate was placed on top of concrete blocks and covered with 1”7
high temperature insulation.

One (1) 10”7 X 207 X %" thick mild steel witness plate was placed on top of the high
temperature insulation. A second witness plate 107 x 18" x %" thick was placed on the side
of the Test Unit.

A calibration Test of the blast transducers was performed by detonating a 1 pound sphere
of C-4 explosives.

Test Unit was placed on top of the bottom witness plate.

The Test Unit S/N's 241-270 were instrumented with thermocouples as referenced in Table
3 and Figure 10.

Two (2) standard video cameras, one (1) internal video and four (4) blast transducers were
positioned as referenced in Figure 11.

The oven (40" tall x 36" wide x 46" long) was placed over the Test Unit.
The internal temperature of the oven was ramped to +122°F over a period of one (1) hour.
Once at a temperature of +122°F, the eight (8) hour mininmum soak was performed.

Upon completion of the eight (8) hour minimum scak at +122°F, the internal temperature of
the chamber was ramped at a rate of +6°F per hour until reaction occurs.

Y 4 5 Approved for public release. WARFIGHTER FOCUSED.”
Distribution is unlimited




RDECOM

Thermocouples installed Left Control Thermocouple
inside container (TC-7 & TC-E-)—\ In alr stream approxim
1 inch from test article
.-“‘"f_f
-— TC-4 o
— --_(__-(-
4“ 4___,/
- ®
a
d
[ FWD
AFT N
18" x 20" x 1/2" \ TC-3

Steel Side
Witnesz Plate

v

W &

TC-1—

. Modified PA- 125 Container
8" min. |— Packed with 25mm M793
@ Control TC Training Rounds
Thermocouples attached to
opposite sides of box

(TC-5 and TC-6)

/ 8" min.
5

Oven Walls

Modified PA-125 Con
Packed with 25mm M
Training Rounds

8" min.

Top View (Bottom witness plate not shown)

10" x 20" x 1/2" Thick Steel Witness Plate
Note: Side Witness Plate shown on Top View

Elevation View (rotated 90° for clarity)

NOT TO SCALE

Malcoh.n Baldrige
ational

Quality

Award
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RDECOM ) Slow Cook-Off Test AIK,

Result

SIN: T/S 241-270

Bottom Witness Plate | 10" x 20" x 0.5” | Witness Plate Damage No Damage
Side Witness Plate 10" x 18" x 0.5” | Witness Plate Damage No Damage
Oven Size: 40" Tall x 36" Wide x 46" Long
Reaction Type Type V reaction
Probe Number Distance PSI Probe Number Distance PSI
1 25 0 3 25’ 0
2 35 0 4 35 0

Test Results: On 3/26/10 at 0210 the first reaction occurred at approximately 276.5°F. There was a
small pop and then a fire started all of the rounds went but did not breach the oven. The oven would
not continue to heat so the test was ended. All pieces remained inside the oven at ground zero. There
was no damage to either witness plate. All debris mapped and pictures taken. The test article was
oriented with the handles pointing to 0° and 180°, and the blowout ports to 90° and 270°.

T/C | Location Reaction Temperature (°F)
1 | Air Temperature — Aft end high vent side 90° 266.0
2 | Air Temperature — Right side 0° 267.3
3 | Air Temperature — Forward end low vent side 270° 267.4
4 | Air Temperature — Left side 90° 265.8
5 | Skin Temperature — Aft end high vent side ¢°° R 1
6 | Skin Temperature — Forward end low vent s ]
7 | Internal Temperature — Right side 0° ]
8

Internal Temperature Left side 180°

Post Test Results . Post Test Results Post Test Results .
T/S 241-270 / Test 1 . T/S 241-270 / Test 1 T/S 241-270 / Test 1

R T e S DR Slow Cook-Off Test Slow Cook-Off Test



Test Setup
T/S 271-300 / Test 2
Slow Cook-Off Test

Test Setup
T/S 271-300 / Test 2
Slow Cook-Off Test

se. WARFIGHTER FOCUSED.”



rDECOM ) Slow Cook-Off - Test Result

S/N: T/S 271-300

Bottom Witness Plate | 10" x 20” x 0.5” | Witness Plate Damage No Damage
Side Witness Plate 10" x 18" x 0.5” | Witness Plate Damage No Damage
Oven Size: 40" Tall x 36" Wide x 46” Long
Reaction Type Type IV reaction
Probe Number Distance PSI Probe Number Distance PSI
1 25 0 3 25 0
2 35 0 4 35 0

Test Results: At 2305 on 3/30/10 the container was breached by a round going off. The container
caught on fire and all rounds proceeded to go off but remained inside the oven. The lid was blown off of
the container and a few rounds came out of the container. There was no visual damage to the witness
plates. The oven was not breached and remained in tact. The temperature at time of reaction was
270.0°F. The container was oriented with the handles to 0° and 180°, and the blow out ports to 90° and
270°.

T/C | Location Reaction Temperature (°F)
1 | Air Temperature — Aft end high vent side 90° 269.1
2 | Air Temperature — Right side 0° 2704
3 | Air Temperature — Forward end low vent side 270° 267.9
4 | Air Temperature — Left side 90° 267.4
5 | Skin Temperature — Aft end high vent side 90° 265.6
6 | Skin Temperature — Forward end low vent side 90° 266.6
7 | Internal Temperature — Right side 0° 270.2
8 | Internal Temperature — Left side 180° 268.9

LA

Malcolm -
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Qualit ¢ 8\
Award

Post Test Results
T/S 271-300/ Test 2
Slow Cook-Off Test

2007 Awarc
Recipient

Post Test Results
T/S 271-300/ Test 2
Slow Cook-Off Test
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roecom®  Bullet Impact

The bullet impact tests were conducted IAW MIL-STD-2105C, 14 July 2003 and
STANAG 4241 (Edition 2), 15 April 2003 to determine and evaluate the response of the test item
to the impact of a .50 caliber Type M2 armor-piercing (AP) bullet traveling at a velocity of 2,790
+ 66 ft/s.

Projectile is .50 caliber type M2 armor-piercing (AP) bullet with a velocity of 2790166 ft/sec.

Four (4) blast transducers were placed at a 45° angle to the rear of the Test Unit as
referenced in Figure 4.

A calibration Test of the blast transducers was performed by detonating a 1 pound sphere
of C-4 explosives.

The triple .50 cal guns were positioned, the test stand was constructed, and a piece of 10" x
20" x 1" thick mild steel witness plate placed on top.

“elocity screens were placed along the gun line.

A second 18" x 20" x 1" witness plate was placed on the side of the Test Unit 25" from the
center.

One (1) high-speed digital camera and three (2) standard video cameras were positioned to
monitor and record testing.

All instrumentation was connected and calibration shots were performed using .50 caliber
Armor Piercing ammunition. All data met within the test specification.

Test Unit S/N’'s 301-330 were placed on top of the withness plate.

Three (3) .50 cal M2 AP rounds were fired at the Test Unit. The first and third bullets were
] aimed 2 2" up from the bottom of the round and 34" the second bullet centered between
side walls as referenced in Figure 10.

Awﬂl. L
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””Ec”@ Bullet Impact -Test Set-Up

CENTERED
BETWEEN SIDE
WALLS

— Line of 1st & 3rd Bullet Impacts
- Line of Frag Impact I

2.50"
<] Line of 2nd Bullet Impact
075"
Malcoh.n Baldrige .
National Figure 13
Quacllity Aim Point and Shot Line for Bullet and Fragment Impact
Awar
’2007Award Approved for public release.
Recipient
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100" Marker
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a ! ’
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100" Marker J— PR
O Witness —_| l
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| 4
i'l'. SHOT
Modified PA-125 Container i STAND
Packed with 25mm M793 i
Training Rounds 1

___SHOTLINES """ —--—_._

bt

i — —=
Velocity Screens I E;:I i

.50-CALIBER GUNS

Figure 12

Bullet Impact Test Setup

| Approx. 25'

¥

X 100" Marker
Real Time o
Video

High Speed Video 5,000 pp=

(depending on ambient light conditions)

Real Time
Video

NOT TO SCALE

Test Setup
T/S 331-360 / Test 2
Bullet Impact Test



rRDEcOM ) Bullet Impact — Test Result

S/N: T/S 301-330 -y
Temperature TB"F Relative Humidity 30%o |
Barometric Pressure 30.08 inHg Wind Speed/Direction 2.0 mph/SWwW
Bottom Withess Plate 10"x207"x1” Thick Aluminum Plate Witness Plate Damage Burn/Gouge
Side Witness Plate 18"x207x1” Thick Aluminum FPlate Witness Plate Damage No Damage
Reaction Type Tyvpe VW Reaction Bullet Type [ Three (3) .50 Cal M2 AP
Bullet Velocity Time

Gun 1 Velocity 2840.9 FtVySec Gun 1 to Gun 2 927 ms

Gun 2 Velocity 2854 .8 FtVvSec Gun 2 to Gun 3 107 .4 ms

Gun 3 Velocity 2835.5 Ft/'Sec
Probe Number Distance P Sl Probe Number Distance P sl

1 o'9” 8] 3 o9'10" 8]
2 1997 8] <4 19'8” 8]
Adm Point: 2.50" up from the bottom of the round and . 75" for the second bullet centered between the
side walls
Test Results: Unit was impacted with all three bullets. The shipping container remained on the shot
stand. The units started to catch fire for a brief minute and then started to smoke for about four minutes.
There was a few pieces found from 358° to 86° and out to 39" 7". The bottom witness plate had some
burmt propellant on top of it and also had a gouge in it that locoked like it was from a bullet. The side
witness plate had no visual damage. The test article was oriented with the handles on the container to
 90° and 270°.

Post Test Results
Post Test Results Post Test Resuits T/S 301-330 / Test 1
TIS 301-330/ Test 1 T/S 301-330/ Test 1 Bullet Impact Test
Bullet Impact Test Bullet Impact Test
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Bﬂfﬂ@ Bullet Impact -Test Result

S/N: T/S 331-361

Temperature 78°F Relative Humidity 28%
Barometric Pressure 30.03 inHg Wind Speed/Direction 5.0 mph/SWW
Bottom Witness Plate 10"x20"x1” Thick Aluminum Plate | Witness Plate Damage No Damage
Side Witness Plate 18"x20"x1” Thick Aluminum Plate | Withess Plate Damage Gouge
Reaction Type Type VvV Reaction Bullet Type | Three (3) .50 Cal M2 AP
Bullet Velocity Time
Gun 1 Velocity 2801.1 Ft/Sec Gun 1 to Gun 2 92.8 ms
Gun 2 Velocity 2830.2 Ft/'Sec Gun 2 to Gun 3 99.7 ms
Gun 3 Velocity 2846.3 Ft/'Sec
Probe Number | Distance PsSi Probe Number Distance P Sl
1 10°2" 8] 3 102~ o
2 202" 8] 4 20 8]

Aim Point: 2.50” up from the bottom of the round and .75 for the second bullet centered between
the side walls

Test Results: Unit was impacted with all three rounds. The unit and the shot stand both were
knocked over from the impact of the rounds. The units started to burn and smoked for about two
minuets. The bottom witness plate had no visual damage and the side withess plate had a gouge
that looked to be from a bullet coming out of the container. All rounds remained in the container. The
test article was oriented with the handles on the container to 90° and 270°.

Post Test Results
Post Test Results T/S 331-360/ Test 2 Post Test Results
T/S 331-360 / Test 2 Bullet Impact Test T/S 331-360 / Test 2
Bullet Impact Test Bullet Impact Test



BDEB@ Fragment Impact

* oy

The Fragment Impact ( Fl) tests were conducted IAW MIL-STD-2105C, 14
Jul 2003 and STANAG 4240(Edition 2), 15 Apr 2003 and the test plan
to determine and evaluate the response of the PA125 container
packed with 30 rounds of M793 25-mm vented cartridge cases to the
Impact of a 50-in mild steel conical fragment army fragment travelling
at a speed of 8,300 fps.

One (1) ammunition container per test

Standard projectile is .50” diameter mild steel with a velocity of
8,300+300 ft/sec

Gun To Be Located 15’ From Test Article

Fragment gun positioned, test stand was constructed, and a 10"x20"x1”"
thick steel witness plate was placed on top of the shot stand

One conical fragment was shot into the Test Unit. The aim point was
handle side of the shipping container 3” from the bottom. Line of
fragment impact will be the same as the bullet impact test

Velocity screens placed along the gun line

« Four (4) blast transducers to the rear of the test units gages positioned
’shown on next page

aluminum witness panels located on the side of test unit.

(2) video cameras and two (2) high-speed camera positioned as

SHAWN on neﬁ?@%@%{%ﬂﬂg?}ﬁﬁfﬁe' WARFIGHTER FOCUSED.”
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Fragment Impact

RDECOM
) Test Set-Up

Middifed PA-125 Container
— Sabot Stripper

Packed with 25mm M793
Training Rounds
|

/ Velocity Screens
!ﬁ - \‘H H GUN SHELTER

Shot Stand
Li Approx. 15 fi >
High Speed
SIDE VIEW P e
= Real Time
Middifed PA-125 Contalner Jideo
Packed with 25mm M793
Training Rounds

100" Marker
Airblast Presssu_re /
_________ -H GUN SHELTER

| Tranzducers H d
100" Mark
N 'X
Shot Stand

10 ft
Witness Plates (2)
20 ft
100" Marker
}hgh Speed i i Real Time NOT TO SCALE
Video fideo
TOP VIEW

MNote: Cameras and airblast pressure transducers may be repositioned as needed.
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Fragment Impact

RDECOM Test Set-Up

15.56 mm ’

+—— 1430 mm _"

20°
Test Setup
T/S 211-240 / Test 2
Fragment Impact Test .
g P Figure 18 2
.50-in. mild steel conical army fragment ISED.
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Fragment Impact
Test 1 Result

S/N: T/S 181-210

RDECOM )

Temperature 52°F Relative Humidity 47 %
Barometric Pressure 30.09 inHg Wind Speed/Direction o MPH
. » 1y 7 . - . Scarring/

Bottom Withess Plate 10”"x207x1” Thick Mild Steel | Witness Plate Damage Indentions
Side Witness Plate 18”%x20”x1” Thick Mild Steel | Witness Plate Damage Ifgg;’;‘igﬁ;
Reaction Type Type IV Reaction Fragment Velocity 8237.7 Ft/Sec
Probe Number Distance PSI Probe Number Distance PSI

1 10°0~” 0.96 3 10°0” 0.48

2 20’4~ 0.33 4 19117 0.22

Aim Point:

Test Results: Test article was impacted on aim point and was knocked off of the test stand. The
container split open and the rounds all came out with the packing materials. Both blow out ports were
blown out of the container, with the lid staying attached. The furthest piece recovered was located at a
distance of 90' 4" on the angle of 345°. There was minimal damage to the witness plates with some
scarring and indentations from the test article. The test article was oriented with the handles on the
container to 90° and 270°.

M

Aga :

Post Test Results

2007 ¢ Post Test Results TS 211-240 / Test 2 35
(xipiej T/S 1-30 / Test 1 Fragment impact Test FOCUSED.

Shaped Charge Jet Impact Test
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Fragment Impact
Test 2 Result

OPME]
%pg‘di\' r, ,u,aé\
3 K

S/N: T/S 211-240

Temperature 81.3°F Relative Humidity 27%
Barometric Pressure 30.00 inHg Wind Speed/Direction 7.6mph/WSW
Bottom Witness Plate | 10"™x20"x1” Thick Mild Steel | Witnhess Plate Damage Scratching
Side Withess Plate 18"x207x1” Thick Mild Steel | Withess Plate Damage Scratching
Reaction Type Type IV Reaction Fragment Velocity 82352 Ft/Sec
Probe Number | Distance PSI Probe Number Distance PSI

1 1027 2.03 3 10’3” 0.44

2 20’67 0.4 4 19°117 N/A
Aim Point:

Test Results: Test article was impacted on target and knocked off of the test stand. The container was
split open with the rounds being strewn out of the container. The lid came off of the container and was
recovered at a distance of 11' 1" on the respected degree of 90°. The blow out port frame broke off and
landed at a distance of 196" 7" and at 25°. Rounds were found from 3° to 100° and out to 130' 8". The
withness plates showed some slight scratching from the test article. Test article was set with the handles

on the Gontaier to 90° and 270°.

N

Post Test Results

T/S 211-240 / Test 2
Fragment Impact Test

x A "

Post Test Results
T/S 211-240 / Test 2
Fragment Impact Test
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The Shaped Charge Jet ( SCJ) tests were conducted IAW MIL-STD-
2105C, 14 Jul 2003 and STANAG 4240(Edition 2), 15 Apr 2003 and
the test plan to determine and evaluate the response of the PA125
container packed with 30 rounds of M793 25-mm vented cartridge
cases to the impact of an aluminum cased 81mm shaped charge
loaded with LX-14 explosive.

One (1) ammunition container per test

81mm shaped charge to be placed 243mm from the test article. Used an LX-14
explosives and a 4 inch conditioning plate between the 81mm SC and Test Article.

Test Unit S/N’s 1-30 placed on support stand with a 2” standoff. Aim point was 3"from
the bottom of the shipping container and centered on the side.

Four(4) blast transducers positioned 45° angle to the rear of the Test Unit as shown on
the next page

One (1)18” x 20” x 1”7 thick aluminum plate placed behind ammunition can
Two (2) video cameras and two (2) high-speed camera positioned as shown on the next
page

. ‘.n(;ﬂl;LERP detonator was secured to the firing line and placed in contact with the PIC
3y tlorg
A

mm SC and the RP-2 detonator held in place with a tape.

ey
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RDECOM )) Shaped Charge Jet

Impact Test Set-Up

s M e Side View

20 feet

Standard Digital
Video With Audio

High Speed
Digital Video

= Witness|Flate
100" hMiarker

Modified PA-125 Container
Packed with 25 Block
Training Roun.

51 mm Shaped Charge

NOT TO SCALE

=
100" Marker

m w

High Speed Standard Digital
Digital Video Wideo With Audio

Note: Repositioning of cameras and blast
is allowed as needed. i

Approved for public releasc '
Distribution is unlimited Test Setup

T/S 31-60/ Test 2




RDECOM Shaped Charge Jet Impact

Test Results

S/N: 1-30
Temperature 63.5°F Relative Humidity 60%
Barometric Pressure 29.76 inHg Wind Speed/Direction 2. 1mph/SE
Back Witness Plate | 18"x20”x1” Thick Mild Steel | Witness Plate Damage H°'5f§i‘:;igh'”9f
Bottom Withess Plate 10”"x20"x1” Thick Mild Steel | Withess Plate Damage Scratching/Pitting
Shaped Charge Size 21mm with copper liner and LX-14 explosive
Reaction Type Type IV Reaction |
Probe Number Distance PSi Probe Number | Distance PSi
1 10°0.5” 16.5 3 10°3” 15.2
2 20°'3.57 5.6 4 2017 5.6
Aim Point: 3" from the bottom of the can and centered on the side of the container
Test Results: Container was impacted on target with jet and separated into several pieces. The rounds
were scattered from 0° to 360° with the furthest round being recovered at 347.67'. Both withess plates
were located at 5" and 90° in tact but did have some scratching and pitting from debris, with the back
witness plate having a hole from the jet in it. The orientation of the test was with the shape charge almed
at 90° and the blast pressure Drobes at 45° and 135°.

Test Setup

T/S 1-30 / Test 1 Post Test Results
T/S 1-30/ Test 1

Shaped Charge Jet ImpaCt Test Shaped Charge Jet Impact Test




2 ' /| U - & -
S/N: 31-60
Temperature 67.8°F Relative Humidity T8%
Barometric Pressure 29.73 inHg Wind Speed/Direction 5. 8mph/SE

Back Witness Plate

18"x20"x1” Thick Mild Steel

Witness Plate Damage

Scratching/Pitting

Bottom Withess Plate

107x20"x1” Thick Mild Steel

Witness Plate Damage

Scratching/Pitting

Shaped Charge Size

81mm with copper liner and LX-14 explosive

Reaction Type

Type IV Reaction [

Probe Number Distance P Sl Probe Number Distance Psi
1 10°1.5”7 15.6 3 100" 14.0
2 204" 5.5 4 19'8" 5.9

Aim Point: 3”7 down from the top of the can and centered on the latch end of can

and 1 0°

; lQL al}onal
uality
Award

2007 Award

Recipient

Test Results: Test article was impacted on target with the jet and separated into several pieces. The
furthest piece that was recovered was found to be at 210.25" and at the angle of 15°. Rounds were
scattered from 0° to 1107, and at a distance up to 127'. The witness plates were in tact and suffered
minimal damage with pitting and scratching from debris. The shape charge was aimed at the end of the
container 3 inches down from the top and centered. The container was oriented with the blow out ports to

Post Test Results
T/S 31-60 / Test 2
Shaped Charge Jet Impact Test

WARFIGHTER FOCUSED."’




Bgfg@ Unconfined Sympathetic

Detonation

» Test Set-Up is Identical to Shaped Charge Jet Impact Test
 Two (2) Ammunition Containers Per Test
« Four(4) blast transducers placed at 45° angle of the Test Unit.

« Two(2) high speed camera and two (2)std video camera. All
Instrumentation were connected and calibration shot performed using 1
pound C-4 explosives.

« One(1) 18"x20”x1” thick aluminum witness plate placed on level ground
In the range set up as shown in the figure.

« Test Units placed next to each other

* One (1) blasting cap with a short piece of det cord was secured during
firing. Blasting cap inserted into the fuze of th etest Unit and secured in
place.

 From the safe area, blasting cap was detonated.

Malcolm Baldrig
Natlonal
Qua ity
Award

2007 Award
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RDECOM Unconfined Sympathetic .

Detonation Test Set-Up ~=

’/—“72_[1:[[955 Plate

Top view of
'/ Container stack
L e

Airblast Pressure

Tramnsducer {Typical)
HIGH SPEED
VIDEO & 10 fr

STANDARD W.?IDEO* . .
WITH AUDIO Side View

La
[=]
=
"
[=]
=

Type V Reaction

/ Witness Plate
Legend:

D = Donor Container Loaded with M793s
A = Acceptor Containers Loaded with M793s

Note: Cameras and airblast pressure transducers may be
repositioned as needed.

Note: The Donor Container
iz not painted other
than ac recetved.

NOTTO SCALE

[

STANDARD VIIX
WITH AUDIO

HIGH SPEED
VIDEO

Malcolm Baldrige
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Quality Figure 3
'Award Unconfined Sympathetic Detonation Configuration
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Unconfined Sympathetic
Detonation Test Set-Up

BDECOM

T AN SRR R XY PO

- -~

LAEN

4

|

Test Setup
T/S 61-120
Unconfined Sympathetic Detonation Test
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Unconfined Sympathetic
Detonation Test Set-Up

RDECOM )

S/N: 61-90 and 91-120

Temperature 78.6°F Relative Humidity 45%
Barometric Pressure 29.75 inHg Wind Speed/Direction 0 MPH
Witness Plate 18"x20"x1” Witness Plate Damage No Damage
Reaction Type | Type V Reaction
Probe Number Distance PSi Probe Number | Distance PSI

1 9'10.5” 1.0 3 10'1.5” 0.9

2 20'1.5” 0.4 4 19117 0.3

Test Results: The Donor round was detonated and caused one blowout port to blow out, and the
other, that was facing the acceptor, to crack around the edge. The bottom of the donor box where
round was detonated, was cracked and the primer housing was forced through the bottom of the can.
The lid of the donor can remained latched, but was bulged which created a gap. All other rounds
inside of the donor box remained inside of the box. The cases of the rounds surrounding the donor
round were dented. Both Donor and Acceptor cans were laying on their sides after detonation. There
was no damage to the acceptor cans except for small dents on the can from screws of the donor box.
Units were oriented with the outer face of the Donor box at 315° and the outer face of the Acceptor
box at 135°. There was no visual damage to the witness plate.

Malcolm Baldrige
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RDECOM Y peocommended T esting

Per STANAG 4240 ( Edition 2)
Complete engulfment of the test item by the fire for a
min of 20 min

Per STANAG 4382 ( Edition 2)

Test item to be pre -conditioned at +50°C for 8 hours
prior to test or until it reaches equilibrium at +50°C (
+122°F)

Oven temperature to be increased +6°F per hour
from +50°C until reaction occurs

Per STANAG 4241 ( Edition 2).
0.50 cal Type M2 AP bullet @velocity of 2790166
ft/sec

Per STANAG 4496 ( Edition 1).
0.50 inch mild steel conical fragment@velocity of
8,300£300 ft/sec

Per STANAG 4526 ( Edition 1, Ratification Draft 1)
81mm shaped charge loaded with LX-14 and
4”Conditioning Plate bet ween SC and Test Article

Impact at the propellant location

Per STANAG 4396 (Edition 2)
Requwed if SCJI test is a failure

it sheiged cnVAREICRITEREQCUSED.




roecom®  CONCLUSIONS

o Ballistic Performance Test Results met
the Mil Spec requirements.

* IM Test completed. Results show great
IM Improvement

Approved for public release. WARFIGHTER FOCUSED."
Distribution is unlimited



