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Presentation Overview

Filling and testing 155mm rounds with a new 
formulation PAX-44 (I-TNT)

• Impacts of PAX-44 processing and loading parameters on 
shell fill quality

• Processing development

• IM Test results

• Planned work
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The PAX-44 Formulation

PAX-44 (I-TNT) is a reduced sensitivity TNT-based f ormulation

• I-TNT formulation is simple ( I-TNT = TNT + Additive )

• Additive is low cost, readily available and environmentally friendly

• Proved out in sub-scale testing

PAX-44 is a “drop in” for NTIB TNT manufacturing and  loading 
operations

• I-TNT takes advantage of the low-cost NTIB TNT production line and 
provides a range of flexible alternatives for performance

• Minimal modifications to manufacturing and melt/pour facilities 
required for optimization

PAX-44 Formulation is Being Optimized
for 155mm HE Projectiles

PAX-44 Formulation is Being Optimized
for 155mm HE Projectiles
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Formulation Development Program

Additives screened for IM characteristics

Mixes made and testing completed for down select

• Thermal compatibility, Vapor Pressure, Efflux Viscosity, Shrinkage, Toxicity, 
Solidification Properties and Hazards Sensitivity (friction, impact, ESD, etc.) 

Sub-scale testing successfully completed

• Bullet Impact, Slow Cook-Off, Shape Charge Jet

Mid-Tier testing successfully completed

• Used 4” long, 155mm enclosed sections

Cheetah Performance Prediction completed and verifi ed with Dent and Rate

Full-scale testing started

• Did not duplicate medium scale results

• Required process changes to improve cast quality

In development I-TNT behaved as insensitive TNTIn development I-TNT behaved as insensitive TNT



An advanced weapon and space systems company

5

I-TNT Mid-Scale Test Results
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I-TNT Demonstrated Reduced Sensitivity
And Matched TNT Performance

I-TNT Demonstrated Reduced Sensitivity
And Matched TNT Performance

I-TNT demonstrated No Reaction in four 
Bullet Impact tests using 4” long 155mm 
case sections.

Cheetah ® modeling predictions for        
I-TNT compared to other explosives.

Confirmed with measured data 
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Processing Impacts IM Results

Melt-pour quality defects

• Shrink porosity

• Gas porosity

• Piping

• Base separation

Large crystal formation and cracking

Additives and/or mixing slurry (liquid portion with  solid flake)

• Percent melt

• Percent flake and quality (belt flaking vs. drum flaking)

Standard environmental variations experienced durin g any given 
production cycle

Formulation selection, behavior and deviations

Determining and understanding the Impact of Key Pro cess 
Parameters is Critical

Determining and understanding the Impact of Key Pro cess 
Parameters is Critical
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Round Poured in October 2005
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Slurry Preparation

Slurry is a mixture of solid (flake) and 
melted TNT

Key parameters:

• Temperature - controlled to 
ensure a consistent rate of HE 
melting

• Kettle temperature is measured 
and controlled

• Temperature set points 
optimized to control solids 
contents

• Rate of flake addition

• Flake size 
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Projectile Loading

The pouring process is controlled by:

• Loader temperature

• Heating water 

• Loader agitator speed

• Mix adjustments

Only when the Slurry is at Proper Consistency is th e Mixture 
Poured into Projectiles

Only when the Slurry is at Proper Consistency is th e Mixture 
Poured into Projectiles
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Controlled Cooling

• Cooling system is control is critical

• When the projectile cools from the 
bottom up, the neck of the projectile 
remains fluid to assist maintaining 
liquid high explosive from the funnel 
into the projectile cavity 

• All TNT-based composite explosives 
are subject to shrinking during 
solidification

• Shrinkage is reduced with PAX-44 due 
to non-melting solids

It Is Critical That the Projectile Cools From the B ottom UpIt Is Critical That the Projectile Cools From the B ottom Up
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Rounds Poured in January 2006
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Rounds Poured in January 2006 (con’t)
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Bullet Impact Test Setup

Data Acquisition

• Still photos pre- and post-test

• Light screen

• High-Speed video

- 10,000 frames/s

Test configuration

• M795 shell 

– Horizontal configuration 

• 50cal AP Round

TP44X0308 (January 2006 pour at AO IAAAP)

• Improved fill (still with imperfections at neck)

• Standard lifting plug

• No liner or supplementary charge
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Test Results

Type VI (No Reaction)

• Bullet speed: 2874 ft/s

• Bullet hit target area

– Penetrator did not exit round

– M795 round split around exit 

Bullet Entrance

Bullet Exit



An advanced weapon and space systems company

15

Planned Work

� Optimize melt/pour process to fill 155mm M795 round s

� Feedback from melt/pour facility has been positive for small-
scale pours

� I-TNT is compatible with current filling process

� Transition “lessons learned” during small-scale pour s to a full-
scale pour at IOWA Army Ammunition Plant

� Flake PAX-44 on production equipment

� Conduct full-scale 155mm testing

� Full series of IM tests + Arena tests for performan ce

� Related formulation development

� Leverage I-TNT success for transition into bomb fil l solution 
using same basic formulation 
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Summary

I-TNT’s Low-Cost IM Formulation Can Be Rapidly 
Transitioned To Production at NTIB TNT Facility

I-TNT’s Low-Cost IM Formulation Can Be Rapidly 
Transitioned To Production at NTIB TNT Facility

Development

Productio
n

Warfighter
Requirements

NTIB TNT facility at RAAP currently in preproduction 
initial production of TNT to meet current warfighter needs

PAX-44 utilizes current TNT production, melt/pour and 
LAP facilities with no or minimal infrastructure changes

Tactical systems that use TNT will require no/minimal 
design changes when transitioning to PAX-44

Tactical configuration (155mm M795) demonstrations will 
be completed this year
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