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• Overview 

• System Description 

• Performance Test 

• IM Test 

• Conclusions 
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Purpose of the Program 

• Develop an environmentally friendly 

propellant for medium caliber 

applications   

– Elimination of ether and  

alcohol processing solvents 

– No ingredients from the EPA watch 

list 

– Step improvement of IM performance 
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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 

      IM testing completed 
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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 
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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)  
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SMALL SCALE SENSITIVITY  

SCREENING TEST 
 

                     Propellant ERL Type 12 

Impact 50% point 

(cm) 

Electrostatic  

Discharge Test    

(ESD)  

NR ( NO 

REACTION)  

BAM Friction (N) 

 

N ( NEWTON) 

RDX  

Lot # 21-18 

24.8± 1.2 

25.1± 1.7 

                  - 212N reacted 

188N 10/10 no go 

RPD380  

Lot # ARV01A002001 

27.1± 2.1 NR 20 trials @ 0.25 

Joules 

192N reacted 

168N 10/10 no go 

L1M 

Lot # NC-00J2890 

27.6 ± 1.5 NR 20 trials @ 0.25 

Joules 

212N reacted 

188N 10/10 no go 

JA2 

Lot # PD-065-5 

32.0 ± 1.4 NR 20 trials @ 0.25 

Joules 

212N reacted 

188N 10/10 no go 

M14 48.4 ±1.3  NR 20 trials @ 0.25 

Joules 

252N reacted 

240N 10/10 no go 

PAP-8386 (RPD-469) 
75.4 + 1.2  NR 20 trials @0.25 

Joules 

252N reacted 

240N 10/10 no go 

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

Approved for public release; distirbution is unlimitted. 
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Solventless  
Propellant Process 

Carpet Roll 

Propellant Paste 

Press and Cut 
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   Technical Progress 
Ignition Study Using Flash  

Tube Igniter 

Blend Study Results (w/Flashtube) 

Modified Case 

Projectile 

Loaded Round 

PAP-8386 

Unmodified Case 

Flash Tube 
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Pressure Velocity Action Time 

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

Velocity Vs. Temperature
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Figure 1: Pressure Vs Temperature  

results from cold walk-down 

Figure 2: Velocity Vs Temperature results 

 for cold walk-down 

Figure 3: Action Time Vs 

Temperature 

 results for cold walk-down 

PVAT RESULTS MET THE  

PERFORMANCE SPECS 
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PAP-8386 Pressure  
Final Performance Across Temps 
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Recommended Testing 

IM Test MIL-STD-2105C Test Parameters 

Fast Cook-Off ( Liquid 

Fuel/External fire) 
 

V 

 

Per STANAG 4240 ( Edition 2) 

Complete engulfment of the test item by the 

fire for a min of 20 min 

Slow Cook-Off 

( Slow Heating) 
 

 

V 

 

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 

Bullet Impact  

V 

 

Per STANAG 4241 ( Edition 2). 

0.50 cal Type M2 AP bullet @velocity of  

2790±66 ft/sec 

Fragment Impact  

V 

 

Per STANAG 4496 ( Edition 1). 

0.50 inch mild steel conical 

fragment@velocity of 8,300±300 ft/sec 

Shaped Charge 

Jet Impact 
 

III,IV,V (PASS) 

 

Per STANAG 4526 ( Edition 1, Ratification 

Draft 1) 

81mm shaped charge loaded with LX-14 

Impact  at the propellant location 

Sympathetic Detonation  

III,IV,V ( PASS) 

 

Per STANAG 4396 (Edition 2) 

Required if SCJI test is a failure 

81mm shaped charge loaded with Comp B 
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Modified Ammunition  
Configuration 

• General Information 

– All tests to be repeated 

– 1 or 2 Cans per test 

– 2 Groups of 15 linked rounds 

per can 

– Rounds are modified M793 

configuration 

– Energetic components 

• M115 primer 

• IB-52 pellets 

• PAP-8386 propellant 

– Projectiles are inert 

• Not traced 

 

PA125 Ammunition 

Container 

M793 
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              Ammunition Configuration 

                         

                   Vented Cases                Vented PA125 Containers 

PA125 

Ammunition 

Container 
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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 

– Two (2) video cameras positioned as shown on next page 

– Temperature profile and reaction history to be recorded. 
– After testing  visual inspection and mapping was performed after the safety waiting time. 
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      Fast Cook-Off – Test Set-Up 
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Fast Cook-Off – Test Set-Up 
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Fast Cook-Off – Test Set-Up 

Fast Cook-Off – Test Set-Up 
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Fast         Fast Cook-Off – Test Result 
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Fast        Fast Cook-Off  Test Result 
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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. Slow Cook-Off 

Slow Cook-Off 
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  Slow Cook-Off Test                
  Set-Up 
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  Slow Cook-Off Test                
  Result 
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Slow Cook-Off – Test Set-Up 
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Slow Cook-Off – Test Set-Up 

Slow Cook-Off – Test Result 
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Bullet Impact 

Projectile is .50 caliber type M2 armor-piercing (AP) bullet with a velocity of 2790±66 ft/sec. 
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Bullet Impact –Test Set-Up 
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Bullet Impact – Test Set-Up 
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Bullet Impact –Test Set-Up 

Bullet Impact – Test Result 
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Bullet Impact –Test Result 
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Fragment Impact 

 

The Fragment Impact ( FI) 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 
as shown on next page 

• Second aluminum witness panels located on the side of test unit. 

• Two (2) video cameras  and two (2) high-speed camera positioned as 
shown on next page 
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Fragment Impact   
Test Set-Up 
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Fragment Impact   
Test Set-Up 
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Fragment  Impact 
 Test 1 Result  
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Fragment Impact  
 Test 2 Result 
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Shaped Charge Jet Impact 

• 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 450  angle to the rear of the Test Unit as shown on 

the next page 

 One (1)18” x 20” x 1” thick aluminum plate placed behind ammunition can  

 Two (2) video cameras and two (2) high-speed camera positioned as shown on the next 

page 

 One ( 1) RP detonator was secured to the firing line and placed in contact with the PIC 

of the 81mm SC and the RP-2 detonator held in place with a tape. 
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Shaped Charge Jet    
Impact Test Set-Up   

 

 

Side View 
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Shaped Charge Jet  Impact
 Test Results  
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Shaped Charge Jet  Impact
 Test Results  
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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 450 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. 
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Unconfined Sympathetic  
Detonation Test Set-Up 

Side View 

Type V Reaction 
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Unconfined Sympathetic  
Detonation Test Set-Up 
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Unconfined Sympathetic  
Detonation Test Set-Up 
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       Recommended Testing 

IM Test 
MIL-STD-

2105C 

Actual IM Test 

Results 
Test Parameters 

Fast Cook-Off ( 

Liquid 

Fuel/External fire) 
V IV 

 

Per STANAG 4240 ( Edition 2) 

Complete engulfment of the test item by the fire for a 

min of 20 min 

Slow Cook-Off 

( Slow Heating) 
V V 

 

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 

Bullet Impact 
V V 

 

Per STANAG 4241 ( Edition 2). 

0.50 cal Type M2 AP bullet @velocity of  2790±66 

ft/sec 

Fragment Impact 
V IV 

 

Per STANAG 4496 ( Edition 1). 

0.50 inch mild steel conical fragment@velocity of 

8,300±300 ft/sec 

Shaped Charge 

Jet Impact II,IV,V PASS 

 

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 

Sympathetic 

Detonation II,IV,V PASS 

 

Per STANAG 4396 (Edition 2) 

Required if SCJI test is a failure 

81mm shaped charge loaded with LX-14 
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CONCLUSIONS  

• Ballistic Performance Test Results met 

the Mil Spec requirements. 

• IM Test completed. Results show great 

IM improvement 


