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APKWS Vent Plug Design

— Polymer plug press fit into warhead

case
— 16 total vent plugs to allow for
ﬁ — sufficient pressure relief
i — Several potential candidates for plu
et material

N « HDPE Selected
\ — Successful inert testing complete

Aft Section w/ Booster & Fuze PBXW-114 HE Fill

Integration with Venting

PBXN-7 Booster ;
PBXN-5 —

i””l y Explosivelead GENERAL DYNAMICS /4—;’0”

Ordnance and Tactical Systems
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APKWS Booster
Venting Port
Detalls

/Vent Ports
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APKWS Vent Plug Material Candidates

Acrylic Properties

| Density

[ 0.039 - 0.0423 Ib/in3

[ Hardness, Rockwell R

[110

[ Tensile strength, Yield

[ 6090 - 8700 psi

| CTE, linear 26 C

| 40 - 66.7 pin/in-F

| Melting Point

[ 266 F

| Max service temperature, Air [199 F

| Deflection Temperature at 0.46 MPa (66 Psip08 F

| Deflection Temperature at 1.8 MPa (264 Ps$i199 F

High Density Polyethylene (HDPE) Properties

| Density | 0.0332 - 0.0506 Ib/in3
| Hardness, Rockwell R | 60 - 65

| Tensile strength, Yield | 348 - 4600 psi

| CTE, linear 20 C [12.2 - 111 pin/in-F

| Melting Point |250-275 F

| Max service temperature, Air | 248 F

| Deflection Temperature at 0.46 MPa (66 P$i219 F

| Deflection Temperature at 1.8 MPa (264 Psi199 F
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Polycarbonate Properties

[ Density

[ 0.0423 - 0.0524 Ib/in3

[ Hardness, Rockwell R

[118-122

| Tensile strength, Yield

[ 8500 - 10200 psi

| CTE, linear 20 C

[ 17.8 - 66.7 pin/in-F

[ Melting Point

[ 289 F

| Max service temperature, Air

[300 F

| Deflection Temperature at 0.46 MPa (66 P$i239 F

| Deflection Temperature at 1.8 MPa (264 P$i203 F

Acrylic/Polycarbonate Alloy Properties

| Density

| 0.0437 - 0.0491 Ib/in3

| Hardness, Rockwell R

| Tensile strength, ultimate

[ 13500 - 21000 psi

| CTE, linear 20 C

| Melting Point

[ 290 F

| Max service temperature, Air

[270 F

| Deflection Temperature at 0.46 MPa (66 Psi)

| Deflection Temperature at 1.8 MPa (264 Psip64 F




APKWS Warhead Explosive Candidates

Explosive Selection Based on Explosive Charactenss
— Safety

* Transportation & Operating Loads

» Cook-off’s, Bullet Impact, Frag Impact, Sympathkdiietonation
— Performance

 Reliability with Fuze/booster

» At Operating Temperatures
— Cost

« Mfg explosive

» Loading of Warheads

* Aging

* Demil
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Reasons for Elimination of Several of the
Candidate Explosives

Candidate Explosives Eliminated

— PBXN-110: Characteristics for PBXN-112 are compbaao slightly better,
and PBXN-112 is easier to load (i.e., longer e i

— PBXW-128: Better metal accelerating explosive®onlist

— PBXN-9 & 10: Pressed explosives more expensivead than cast
explosives; good metal acceleration; sensitiveytopathetic detonation

— PBXN-111 & PBXIH-135: Good internal blast; pooadgimentation
characteristics

— PBXIH-18: Good internal blast; potentially gooddmentation
Remaining Candidate Explosives

— PBXN-112

— PBXN-109

— PBXW-114
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APKWS Basic Sensitivity and Operation

Considerations
Characteristic PBXW-114 PBXN-109
Impact Sensitivity 49 cm 25-52 cm
ESD 20/20 NF@ 1.72 Joules 12.5 Joules
Friction Sensitivity > 980 Ibf 750 Ibf
LSGT 178 cards/27Kbar 186-195 Cards/22.0-24.5 Kbar
TMD 1.72 g/cc 1.68 g/cc

Mechanical properties Comparison between PBX\W114 and PBXN-109

Explosive Shore “A” Hardness Stress@Max(psi) Strain@ Mza(%)
PBXW-114 30.6 30.18 13.15
PBXN-109 52.2 87.72 29.28

» Setback simulator testing has been performed witPBXW-114 with results that show that PBXW114 would be expected
to perform well in set back (or set forward, as ishe case during penetration). In general, the “harér” a material, the more
prone it appears to be to react in setback.
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Demonstrated IM Characteristics

Results in a Heavy Walled Penetratdr
Test PBXW-114 PBXN-109

Fast Cook-off
Slow Cook-off
Multiple Bullet Impact

Fragment Impact deflagration explosion

burn

burn

burn

(NOTE- Average fragment velocity was 15% higher gdtBXW-114 than achieved using PBXN-109)

* Testing without fuze

Distribution statement A: Unlimited



APKWS IM with PBXW -114 Main Charge

Prior Fast & Slow Cook-off Performance with PBXW411
» Tested in the 5”/54 Caliber Projectile
» Tested in a heavy walled Naturally Fragmenting Néad (NFW) with & without a PBXN-7 booster

Test Results 5"/54 Projectile NFW (Inert) NFW (PBXN-7)
Fast Cook-off Deflagratiori

Slow Cook-off Explosion Deflagration
* Fuze expelled beyond 50 feet. The PBXW-114 expéoburned, and unburned explosive found in the.case

Results demonstrate that with pressure reliefPBEW-114 main
charge will simply burn.

With pressure relief, similar results are expedtedhe PBXN-7 booster.
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APKWS Selected Energetic Materials

Selected PBXW114 as the primary explosive candidate for APKWS \@rhead

— Backup candidates are
 PBXN-109

PBXN-5 Lead and PBXN-7 Booster selected (MK146 caglration)

Component

High Explosive Fill (main charge)

Booster Lead

Main Booster

M104 Primer (fuze)
M85 Detonator (fuze)
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Description

2.3 Ibs PBXW-114
0.1 gm PBXN-5
9.7 gm PBXN-7
47 mg NOL 130, 65 mg lead azRi©,1333
80 mg lead azide, 84 mg RDX
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APKWS Insensitive Munitions Approach

Maximize use of technologies proven in MK146 warheh
— Insensitive main fill and booster components
— Venting of main charge and booster

Conduct Early IM evaluations
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APKWS IM Testing Background
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IM Test Approach - APKWS Warhead
Section

During warhead development, warhead/fuze sections
subjected to advance IM testing

— FCO/SCO

» Testing has not been completed

— Bullet Impact

— Fragment impact

Later in APKWS project, these tests will be repeate with
all-up systems and additional testing will be condctted as
required - basic safety tests, sympathetic detonaig shaped
charge, etc.
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APKWS Slow Cook-Off Test

Procedure

— The Slow Cook-Off Test will be
conducted in accordance with MIL-
STD-2105B, paragraph 5.2.2.

Unit Configuration

— Two live Warheads will be subjected to
this test

Discussion

— APOBS, HELLFIRE, 3.2 Generic Test
Unit, LAW, and MK146 charges also
used PBXN-9/PBXN-5 and PBXN-
7/PBXN-5 explosive combinations, and
for each of them the results for Slow
Cook-Off Test were burning reactions

— Warhead System loaded with PBXN-
7/PBXN-5 is expected to pass the Slow
Cook-Off Test with a Type V reaction

Awaiting Test Results
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Oven Perimeter
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Test Unit
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APKWS Fast Cook-Off (External Fire) Test

Procedure

— The test will be conducted in accordance with giaah 5.7¢ of NAVSEAINST 8020.8B
(External Fire) and paragraph 5.2.1 of MIL-STD-2BQ5~ast Cook-Off)

Unit Configuration
— One live warheads loaded into test launcher $leaslubjected to this testing.
Awaiting Test Results

Rocket Launche\ /Test [tem

.

CI:-_f"“” — || | ,Test Fixture
Containment P 1 /
a\ 3 "0 /Fuel Level

K
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APKWS Bullet Impact Test

Procedure

— Bullet Impact Test will be conducted in
accordance with MIL-STD-2105B, paragraph -
5.2.3

Test —~
— The System shall be impacted by three .50
caliber projectiles
* Velocity of 850+ 60 m/s (280G 200 ft/s)

— The striking point shall be the base of the
warhead, this allows bullets to strike to the near
the booster section of the aim point

Unit Configuration

— Two live unpackaged warheads, without Fuze,
will be subjected to this test

— The fuze will be removed and replaced with a
housing to support the booster and to simulate
the confinement imposed by the fuze on the
booster and warhead.
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Discussion

System is expected to pass the Bullet Impact

Test.

The MK146 used a very similar booster and
main charge configuration, and the results

for Bullet Impact Test was a burning
reaction

16



Bullet Impact Test Setup
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Pressure
! Gage 2

Photo 50 caliber
Gate 1 rifle
————— ———————————:
1187
Photo
Gate 2
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Bullet Impact Test Setup (cont)

2.75" GD
Warhead
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Pressure
Sensor 1

Pressure
Sensor 2

Vent Plugs

Impact
Location
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Bullet Impact Post-Test

Fragment Positions Live Fuze
Explosive Residue 270 /

39 ft @270

50 caliber
rifle
[ GD
28.5 ft @176 / Warhead
GD Warhead
Shot Line, 180° |-~ e 45 0°

Conclusion -Awaiting Army

IM Board Scoring

Bullet Type: M2 AP .50 Caliber
Bullet Velocity: within specs
Direct Hit on Warhead

Slow deflagration like reaction with
continuous burning till explosive spent

34.5 ft @168

Bullet Exit Fragment

90
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APKWS Army Fragment Impact Test

Procedure

— Fragment Impact test specified in MIL-STD-2105Brd&raph 5.2.4.

— Each test item shall be impacted by 1 fragmemt @xmy Fragment, 1 inch) moving at 6000 ft/s.
Unit Configuration

— Two live unpackaged APKWS warheads will be sulgédb this test

- Thg Fuzr? Wg| be removed and replaced with a wedlupport the booster and to simulate the confimenmeposed by the Fuze on the booster
and warhead.

Discussion
— Based on the test results of the MK146 warheadlzndifferences in designs and test conditions
» System is expected to respond to the Fragmentdimpest with a Type 1lI-V reaction

Pgauge #2 Notes:
(Height ~44.5") - 4 X 1’ X 1" Thick Aluminum Witness Panel
O - Impact Point 6” from WH Nose
- WH Placed on Foam 5.625” from W.P.

65.75"| 59.2%" 219.5”
U

TOA #2 TOA #1

Shotline
(Height ~42")

GD WH S/N 2 18.17 g Pre-Formed Fragment 120
PBXW-114 Explosive 92.83 g Sabot (4 Pieces)

O
Pgauge #1
(Height ~46")
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APKWS Army Fragment Impact Post-Test Recovery

CONCLUSIONS - Awaiting Army IM Board
Scoring
*AFl Fragment Velocity ~6043 fps
«1.80 Ib of 2.3 Ib Explosive Billet Recovered
Unreacted
*Pressure Rupture from Fragment Impact
*No Witness Panel Damage / Deformation from

Reaction 11881
«226.7 g Steel Fragment Recovered ~120 ft. Away 180° <9

18.3 ¢ ~23 ft.
~60 ft.
< 90° 27C¢°
X—>
226.7 g )
~120 ft. 164.5¢9 0
~93 fi.
T 1188.1 g
~23 ft.

40 mm Cannon
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APKWS IM Conclusion

Vent Plug Design Concept Incorporated Into APKWS
— Design Verified With Successful Inert Testing

— Design Concept Waiting Verification From FCO/SCO
Tests

APKWS Energetic Material Shows Improvements Over Mk
146/Mk 151

— Bullet and Fragment Impact Testing Indicate Favorale
Results

e Awaiting Army IM Scoring Results
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