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Advanced gun Propellant development

Facilities: Goals

« Modeling Better performance of gun system:
e Lab scale production * High impetus

« Semi production scale * Reduced erosivity (Low flame
« Analysis temperature, gas composition)
« Scale up / Prototyping * High safety level (IM)

* Ignition system and design (plasma,
pyrotechnic)
e Charge design
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Equipment: 45 mm co-rotating double
screw extruder
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Simulation

Processing condition limits
for safe processing:

e Pressure

e Temperature
* Friction

* No dead spots

Why simulation?

m solventless - 2DFEM Results

* Understand the black box
» Safe to process this material?
o “Desk study”
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Early achievements

Reducing porosity in composite propellant

Causes of porosity:
» Use of solvents
e Air entrapment in raw material
« Partial flow behavior
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Early achievements

Reducing porosity in composite propellant

Extrudate temperature IBK1015

& Ludovic: P=50 Results:
Bar
= Ludovic: *T extrudate constant
P=f(T) (Over heating)
* Reduced porosity
60 80 (More homogenious por.)

Screw Speed [RPM]
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Goals

Goals achieved in past:

Partially understanding of the black box
Indication whether process is safe for this material

Optimization by identifying trends and steering parameters

Goals set for future

Better/complete understanding of the black box
Better estimation of P and T of process

Reduce number of experiments (esp. large scale)
(Reduce waste)

Identify/optimize the process using “desk study”
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Prototype propelling charge for large
caliber munition

Goal:
» High muzzle velocity of new projectile using conventional MB propellant

Requirements:

» Optimal charge design and ignition

o Optimal propellant design and burn rate

* Reproducible grain shape and formulation

Means:

» Testing of different charge concepts

o Testing different propellant grain geometries

» Utilize extrusion technique for high reproducibility (quality)
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Formulation & Rheology & Processing
(<& Mechanical prop.)

Investigation of effects of T, plasticizers and additives on rheology

Rheological model(s) describing these effects

Desk study of ideal formulation and processing conditions

Future: mechanical relations to formulation or rheological models

Result: Development of solventless composite propellant
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Rheology

Elastic behaviour
Shear

Formulations showing elastic behavior under normal processing conditions:
* NC based propellant compositions

Solventless composite propellant compositions

Ammo/Bamo compositions (Explosives/propellants)

Rheology of composite propellants Ramextrusion of batch no 1022 at 70C
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Rheology

Rheology of MB pastes ] "5 Compt
x: —&— Compl + plastl

Formulation: z —<— Compl + plast2
. . . a —A— Comp2

« Plasticizers: NG, DEGDN, inert s 4 Comp2 + plastl
oo (15}

e Additives NQ, K2S04, etc. g —e— Comp3 + plastl

Rheology:

» Effect on shear and

elastic behavior Shear stress [kPa]

100000

—— Compl
—=&— Compl + plastl
—x<— Compl + plast2
—A— Comp2

—4&— Comp2 + plastl
—e— Comp3 + plastl

Extensional viscosity [kPa.s]

1000

Extensional stress [kPa]
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Processing

Desk study MB propellant using simulation software

Predicted extrudate temperature Predicted head pressure
(Ludovic, Mf=30 kg/h, heat transfer to barrel=400 W/m2/K) (Ludovic, Mf=30 kg/h, heat transfer to barrel=400 W/m2/K)

30 kg/h 30 kg/h
Barrel thermal heat transfer coefficient = 200 W/m2.K

-2%

plasticizer
30 kg/h

+2%
-2% plasticizer | plasticizer

| = ‘\‘ +2% plasticizer |
[10 kg/h

50 kg/h

Temperature [ C]
Pressure [Bar]

30 kg/h [
Barrel thermal heat |
transfer coef. = 200 10 kg/h

100 120 140 160 180 20 40 60 80 100 120 140 160
Screw speed [RPM] Screw speed [RPM]

Extrusion and modeling at TNO-PML Hoboken New Jersey, October 2004 15




Processing

Experimental results MB propellant

o Better rheological model and better simulation
approach results into very good estimations

o Desk study: Optimization of processing conditions

 (Ram-)extrusion batch - validity models

Calculated and experimental results for different
screw speeds and 10 kg/h

P simulated
— I - T simulated

—<&— P measured
~& —F— T measured + 15 C
temp. gradient
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Results

Processing NC propellant —die design

TaSk: Websize variations for 19 hole die
* Different geometries
* Different compositions (rheology)

= = Required Web
—+=—No correction
——Correction 1

Optimization: 2o —a—Corecton?
 Correct pressure drop "
» Smooth outer surface |
» Websize distribution, etc. R

Normalized diameter
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Different die designs

Measured and calculated pressure drops for different die
designs and materials at 10 kg/h

—&— Calculated
—— Measured

Calculated and measured results differ less
than 10%which is considered acceptable
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CV-test and
Firing results

——CV test
— —simulation

Vivacity

Produced propellant shows
good progressivity

0.4 0.6
P/P(max)

—P5
—P6

s Firing results show good
e reproducibility and is as

—P9

—P10 expected from calculated

— -pred. P 5/6

sSNCAEUE  performance using TIBalCo

Pressure
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Present

materials produced using extruder

Materials Total produced mass [kg]
Double base (NG and DEGDN) 300
Triple Base 700
Composite propellants 50
Flares/pyrotechnics 20
PBX 30
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Future

Technology

* High performance propellants (MB and composite propellants)
e Reduced temperature dependency
» Higher progressivety
 Different extrusion processes

* New IR-Flare composition (www.irflare.com)

o Desk study:

1. Processing on smaller and larger machines (TNO-industry)
2. Cost (in-) efficiency of batch and extrusion
3. Feasibility processing medium caliber propellants

t Extrusion and modeling at TNO-PML Hoboken New Jersey, October 2004 21



Conclusions

o Extrusion simulations give valuable insight into process

» If rheological model is acurate, the estimated values are within
10% of experimental values

 NC double and triple base propellants can be shaped successfully
using a co-rotating double screw extruder

 TNO developed prototype propelling charge for large caliber
ammunition succesfully

« Technology level of extrusion is high

« Technology will develop further depending on projects and
market perspective
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Discussion/Questions?
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