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Final Agenda for JOCG Continuous Mixer Extruder Users Group Meecting
Cordant Technologies Conference Center (CTCC)
Monday, May 10, 1999
5:00 — 7:00 PM Early Meeting Registration at Radisson Suite Hotel
Tuesday, May 11, 1999

7:30 - 8:30 AM Meeting Registration and Continental Breakfast at CTCC

8:30 AM Introductory Comments. Mr. Andrew Haaland, Thiokol Propulsion
8:35 AM Formal Welcome. Mr. Robert Crippen, President, Thiokol Propulsion
8:45 AM JOCG Historical Perspective, Mecting Call to Order, and Keynote Speaker

Introduction. Mr. Kirk Newman, NSWCIHD
9:00 AM Keynote Speaker. Mrs. Mary Lacey, Technical Director, NSWCIHD

Morning Session, Tuesday, May 11, 1999
Mr. Andrew Haaland, Thiokol, Session Chairman

9:30 AM New Techniques for the Simulation of the Die and Twin Screw Extrusion Processing of
Energetic Materials by D.M. Kalyon, S. Railkar, and A. Lawal (SIT/HfMI)

10:00 AM Simulation Based Design and Manufacture of Screw and Dies for the Energetics Industry
by James E. Kowalczyk (Shear Tool, Inc.)

10:30 AM Break

11:00 AM On-line and Off-line Analysis of the Extruded and Cast Energetic Materials for Micro-
structural Distributions by R. Yazici and D.M. Kalyon (SIT/HfMI). Presented by Dr. S.
Railkar

11:30 AM Developing an On-line Quality and Process Control System for the Continuous

Production of Energetics using Near Infared (NIR) Spectroscopy by Robert Thompson,
Mark Michienzi (NSWCIHD) Presented by Mr. Mitch Gallant

12:00 PM Lunch at CTCC

Afternoon Session, Tuesday, May 11, 1999
Mr. Kirk Newman, U.S. Navy NSWCIHD, Session Chairman

1:00 PM A New Purpose-Built Remote-Controlled Capillary Extrusion Rheometer Facility for the
Study of Highly Filled Energetic Materials by: R. Clift, M. Gough (DERA Ft. Halstead)
and R. Carter, G. Privett (Magna Projects & Instruments Ltd)

1:30 PM A New Squeeze Flow Rheometer for the Rheological Characterization of Energetic
Materials by D.M. Kalyon, B. Karuv, J. Garrow (SIT/HfMI)

2:00 PM Break

2:30 PM Novel Slit Rheometer for Energetic Extrusion Applications at TACOM-ARDEC,
by Fevci Zeren (Zeren Research) and Sam Moy (TACOM-ARDEC)

3:00 PM Processing of Energetic Materials at Thiokol’s 19mm Twin Screw Extrusion Facility by
Andy Haaland and Quinn Barker (Thiokol)

3:30 PM Break



Tuesday, May 11, 1998 (Continued)

4:00 PM Processing of PAX-2A Using a Twin Screw Mixer/Extruder, by Kristin Jasinkiewicz
(TACOM-ARDEC)

4:30 PM Invited Guest Speaker
Gary Smith, Manager, Process Development, Autoliv ASP, Inc.
Twin Screw Processing of Gas Generants for Air Bag Applications at Autoliv

5:30 PM Cocktail Reception at CTCC

6:00 PM Dinner at CTCC

Wednesday, May 12, 1998
7:30 - 8:00 AM Meeting Registration and Continental Breakfast at CTCC

Morning Session, Wednesday, May 12, 1999
Mr. David Fair, U.S. Army ARDEC, Session Chairman

8:00 AM Achievements of the Continuous Processing of Composite Propellants (CPOCP) Project
by Eric Giraud (SNPE)

8:30 AM Continuous Processing of Green Energetic Materials (GEM) Gun Propellant by
Mitch Gallant (NSWCIHD)

9:00 AM Processing Energetic Materials Through the Totally Integrated Munitions Enterprise
(TIME) Network by Dave Gilson (TACOM-ARDEC)

9:30 AM Break

10:00 AM Explosion in Propellant Production Plant by Per Lagerkvist (NEXPLO Bofors AB)

10:30 AM A Method of Isolating Energetic Material Feed Systems from Extrusion Processes
Processing Results at Thiokol’s 58mun Twin Screw Extrusion Facility by Mike Rose
(Thiokol)

11:00 AM ~  Development of Processes Suitable for Manufacturing of Molding Powders to be used as
Extrusion Raw Material Feed Streams by Jeff Widener (Thiokol)

11:30 AM Injection Loading Technology: An Automated Unit Operation for the Automated Agile
Manufacturing Facility by Kirk Newman (NSWCIHD)

12:00 AM Lunch at CTCC

1.00 PM Travel to Thiokol Plant

2:00 PM Start Tour of Extrusion Facilities

4:30 PM End Tour of Thiokol Plant



Processing Equipment Vendors Invited to JOCG Conference
5 May 99

1.) Extruder Vendors

Mr. Jan Levi Phone: 517-757-1391
B&P Process Equipment

1000 Hess Street

Saginaw, MI 48601

Mr. Mike Starer Phone: 201-825-6414

Krupp Werner & Pfliederer E-Mail: Mstarer@WP-Corp.com
663 E Cresent Avenue

Ramsey, NJ 07446

2.) Feeder Vendors

Mr. Andy Kovats Phone: 905-670-2933
Brabender Technologie Inc

6500 Kestrel Road

Mississauga, Ontario

Canada L5T 1Z6

Ms. Kathy Hunter Phone: 609-589-0500

Ktron America E-Mail: Khunter@Ktron.com
Route 55 & Route 553

Pitman, NJ 08071

Mr. Scott Campbell Phone: 801-566-6000
Acrisson Area Representative

Camtec Industrial Sales

P.O. Box 1700

Sandy, Utah 84091

Ms. Gina Donnelly Phone: 800-558-0184

Accurate E-Mail: Donnelly@SARInc.com
P.O. Box 208

Whitewater, WI 53190

3.) Post Processsing Equipment

Mr. Frank Romeo Phone: 817-656-0048
Romeo Engineering

4217 Hahn Blvd

Ft. Worth, TX 76117
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Noval Surface Wharfare Center

Historical Perspective

JOCG Continuous Mixer & Extruder Users’ Group

Presented at the 10" Extruder Users’ Group Meeting
Ogden, UT, 11-12 May 99

by

Kirk Newman
Navy Co-chair, JOCG CMEUG
NSWC Indian Head, Code 930
Yorktown, VA 23691-0160



Noval Surface Warfare Center

Chronological Record

of the Joint Army / Navy Continuous Mixer & Extruder Users’ Group

NAVAL SEA SYSTEMS COMVIAND

This is the 10th meeting of the CMEUG. These meeting have been held in hotel conference
rooms and usually feature a tour of the host facility. The 5th was the first to be a JOCG
event. The meetings were as follows:

[1]
2]
3]
[4]
5]
[6]
[7]
8]
9]

NSWC White Oak, Silver Spring, MD, 30 Nov - 2 Dec 87 (Ottmar Dengel)

Radford AAP, Radford, VA, 6-8 Dec 88 (Carl Chandler)

NOS Indian Head, Oxon Hill, MD, 5-7 Dec 89 (Tony Dunay)

LAAP and LHAAP, Shreveport, LA, 4-6 Dec 90 (Lee Estabrook & David Dillehay)
NOSIHDET @ NWS Yorktown, Williamsburg, VA, 2-4 Dec 91 (Kirk Newman)
UPCO, Phoenix, AZ, 16-18 Nov 92 (Hugh McSpadden)

LHAAP, Marshall, TX, 15-17 Mar 94 (David Dillehay)

NSWCIHD, Arlington, VA, 20-22 Sep 95 (Connie Murphy)

HfMI/SIT, Lincoln Harbor, NJ, 2-4 Jun 97 (Dilhan Kalyon)

[10] Thiokol Propulsion, Ogden, UT, 11-12 May 99 (Andy Haaland)



NAVAL SEA SYSTEMS COMMVAND

Naval Surface Warfare Center
Indian Head Division JO‘ G ‘ I l al | er

of the Continuous Mixer & Extruder Users’ Group

GOAL = Understand the technology of continuous mixers and extruders
sufficiently for their implementation into an automated and agile facility
for the manufacture of energetic materials

* Who? - Technical managers, engineers, and scientists

« What? - Discuss facility design, equipment, processing, and safety

« Why? - Technology is interdisciplinary, and implementation requires
cooperation

« How? - Open meetings (papers cleared for public release)
 When? - Annually, if appropriate

« Where? - DOD co-chair identifies a host and coordinates a meeting site
that includes a tour






NAVAL SEA SYSTEMS COMVIAND

_NSW :
pamgasd L volution of Technology

for Continuous Mixers & Extruders

*  Materials

— Insensitive Munitions (IM)

— Resource Reclamation & Reuse (R3)

Depends

«  Applications

upon our |

b . l . y — Performance Requirements
aot ll:)/ 0 — Geometry Requirements
solve

— Operational & Storage Requirements

problems

« Economics
— Minimize Unit Cost
— Batch or Continuous Unit Operations ?

— How Flexible is an Automated Facility ?




NAVAL SEA SYSTEMS COMMAND

Pk Technology Development

INDIAN HEAD DIVISION

A cooperative relationship between Government, Academia, and Industry

Government

~

Academia

Industry




NAVAL SEA SYSTEMS COMMAND

NSWC Material Development

INDIAN HEAD DIVISION

An iterative process of formulation, processing, and characterization

formulation

processing

characterization



New Techniques for the Simulation
of the Die and Twin-Screw
Extrusion Processing of
Energetic Materials
Dr. Dilhan M. Kalyon

Dr. Sudhir B. Railkar
Dr. Adeniyi Lawal

HfMI, Stevens Institute of Technology
Hoboken, NJ
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A CO-ROTATING TWIN-SCREW EXTRUDER
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COMPUTATIONAL MODELING
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WALL SLIP MARKER TECHNIQUE

CONCENTRATED
SUSPENSION




MODELING
CAPILLARY FLOW
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2nd Invariant of the stress tensor, Pa
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RPM =100, Q =33 Ibs/hr
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Simulation 1dentifies and
eliminates safety concerns
without experimentation

FLOW DIRECTION ——» TEMPERATURE, °C

* Hot spot formation

.+ Initiation temperature
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KNEADING DISK SECTION OF

A CO-ROTATING TWIN-SCREW EXT RUDEH
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Z-VELOCITY DISTRIBUTION IN
AN ADJSTABLE GAP SLIT RHEOMETER
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Finite element mesh

11480 Nodes
9412 Elements

|

)
11

k .



0
75 Rpm, 19 Ib/h, T=175F, B = 6.9E-6 mm/Pa-s
2 nd invariant of the stress tensor, Pa

429,227

237,340

151,400
141,396

45 453
R 250,416
149 215

08614
48,014




Conclusions

* A general purpose Finite Element computer
program 1s developed for modeling both
Twin-screw extruder and Dies in 3-D

* This modeling approach represents the screw
and die geometry exactly and Barrel to screw
clearances as low as 1% can be modeled

* The program can model:

Newtonian, Power-Law, Bingham

and Herschel-Bulkley fluids with
temperature dependant viscosity




Conclusions

* Accurate modeling/design of Twin-screw
extruders and Dies is possible if special
features such as slip and clearances can be
incorporated

* Techniques developed at HfMI can be used
as DESIGNER TOOLS to avoid costly

experimentations




10" JOCG Continuous Mixer & Extruder
Users Group Meeting

Ogden Utah
May11-12, 1999

Simulation Based Design and Manufacture of
Screws and Dies for the Energetics Industry

James E. Kowalczyk PE, Division Manager
Shear Tool Inc.
5763 Dixie Highway
Saginaw, MI 48601
Dr. Dilhan M. Kalyon, Institute Professor and Director
HfMI, Stevens Institute of Technology
Castle Point, Hoboken, NJ 07030

Abstract

The employment of new techniques in design and manufacture of hardware
for a first time process results in significant time savings, accuracy of final design
and optimum quality of product. These benefits are a result of mathematical
modeling of the process, which is then translated into a Computer Aided Drafting
(CAD) file. This file is electronically transferred between the simulation staff and
the manufacturing engineering staff for concurrent final tuning of the production
equipment design. The files are then converted into Computer Numerical Control
(CNC) machining programs from the completed CAD files to produce the actual
screw and die components. All of this is accomplished using scientific tools and
principles, without actual costly and time consuming trial and error runs.



Approximately six months ago, I attended the annual conference of the National
Tool Manufacturers Association (NTMA). Some of the background information
used to develop the logic behind this technical presentation was extracted from
questions and responses from the members of that association regarding the future
of production industries in this country. You may be wondering what this has to
do with the energetic industry and in particular with the continuous mixer users
group. Interestingly, all production facilities in today’s competitive market seem
to be influenced by the same trends. No one industry is isolated or protected from
direct competition and from the pressures of competitive pricing, delivery and
technological advancement.

Not even the government itself is protected from industrial and global competition
in these categories. In fact, the government purchases various energetic materials
from abroad, so the competition is here already.

Working harder will not necessarily salvage the business from these competitive
pressures; in many cases if workers were capable of putting in twenty-four hour
days, they could not compete with the newest advances in robotics, and automated
production methods. Working smarter, being innovative, maximizing efficiency
and making every movement effective is not only the way to advance and grow,
but in many situations in today’s world it is necessary just to survive.

Because this condition is global throughout industry, the basic concepts and
positions expounded upon by the NTMA members translate directly to this
industry as well. The specific industry requirements may be unique, but the logic
and principles are universal throughout industry including this one.

From the meeting, the NTMA reports, the majority of their members responded to
the following survey question. “What changes in Technology do you see affecting
your business over the next three years.” The participants cited several issues
repeatedly when responding to this question. Chief among these issues was the
change occurring in Computer Numerical Control (CNC) technology. Participants
noted their interest in the future development of personal computer (PC) based and
open architecture controls.



The development of CNC technology along these paths has and will lower costs
and reduce service time according to participants. These are essential
improvements if shop owners are to continue holding cost and improving on
delivery times both issues cited in the survey concerning future customer
relationships.

New manufacturing processes were cited frequently as having a potentially
significant impact on future business. New rapid prototyping technologies, higher
speeds, and new materials topped the list of new technologies business owners
believed would have an impact on their business. Amongst these responses it was
clear that the participants expect a dramatic shift in the types of materials being
produced within the next ten years.

Following new manufacturing processes, were issues related to precision and
quality. Chief among the specific points relating to quality was increased customer
demand for pre-qualified parts or zero defects. This related to the increased use of
manufacturing automation as many participants noted that the use of automation
would increase to address the zero defects or in-process, non-destructive testing of
production issues.

Another question asked participants, “What changes do you foresee in your
customer base and requirements of your customers”. While there were numerous
responses, two stood out as overwhelming issues, higher quality and shorter lead
times. Participants noted that while customers are requiring a standardization of
their processes they are also pointing to zero defects on parts with much tighter
tolerances. Certification and quality issues are expected to be a major challenge to
the manufacturer/customer relationship in the future.

Almost as important and related to the subject of quality and tolerances are
customers’ expectations that lead times will continue to shrink in the future.
Participants noted that customers’ expectations only increase when on-time
deliveries improve. Some customers are even projecting lead time improvements
in the requests for proposals they send to the contractor or manufacturer. It is
clearly expected that this trend will continue and that customers in turn will expect
better delivery performance from material suppliers and higher up-time
percentages from their capitol equipment suppliers.



Three other issues were cited; impact of outsourcing, globalization and
consolidation. Participants noted an increase in outsourcing of complete projects
by manufacturers and their first tier suppliers. While it means that there is more
business trickling down to their businesses, customer expectations and business
risks have increased. The outsourcing trends have led first and second tier
suppliers to look for full service shops with a broad range of capabilities, including
engineering. Participants that noted the outsourcing trend as a significant factor
also noted the efforts of first and second tier suppliers to reduce the number of
suppliers. The combination of the two developments has made relationships both
more important and at the same time riskier. As supplier lists consolidate and
more work travels into these smaller groups, opportunities for business become all
or nothing situations. In many cases, your line of distribution and your customers’
relationship in the supplier chain become more important than your capabilities.

Globalization of markets will accelerate the process. Both the contract shop’s
customers and their customers’ customer are driven to compete on a global basis.
As the major manufacturers strive to simplify their production process, they will
repeatedly go back to the team of suppliers with which they have had the greatest
success. In effect, duplicating their successes in a cookie cutter fashion around the
world. This is increasing the international competition which U.S.-based contract
shops will face daily in both international and their geographic markets.

It is also clear that pricing pressure is increasing, along with smaller lot sizes and
in new materials to work. It is also clear that smaller lot sizes and pricing pressure
issues are related.

This brings us to the issue of “What changes do you see occurring in your supplier
relationships with machine tool builders.” Four basic points develop the response
to this question. Suppliers clearly plan to pass through the expectations their
customers have for improved delivery, reliability and price onto their machine tool
suppliers. Add to this list that contract shop owners expect that their opportunities
to select a broad range of suppliers will continue to expand as product quality of
builders in developing countries improve.



However, participants do not expect to have a larger list of bidders and suppliers.
Like their customers, they expect to reduce the number of suppliers with which
they operate. This change will provide the opportunity to partner with their
suppliers. Respondents noted that in partnering with suppliers, particularly in
machine tool sales, they expect their partners to keep them in the know on new
technologies, applications and process improvements. Respondents expect that
through partnering, their suppliers will share with them productivity improvements
and the savings that they represent.

As an example, in the development of continuous processing techniques for
energetic materials, extrusion of mixed materials through a die to develop
geometric characteristics is a requirement. The development of an optimum die is
important. In order to achieve this goal, data on the physical geometry of the die
(in conjunction with the need to mate it to other processing equipment), and the
physical characteristics of the process material (rheological data) at the expected
operating conditions must be obtained and modeled.

The following constitutes a general listing of the minimum information that must
be available before one can begin to develop an optimum die design.
Physical data:

Drawings of the end of the extruder that the die must mate to.

Type of die (hot cut, Underwater Pelletizer, Stranding, Forming)

Cross sectional geometry of extrudate.

Requirements for breaker plate/screen pack, including level of screen

filtration.

e Design parameters, i.e. design pressure, method of heating or cooling, ratings
of heaters, desired materials of construction, requirements for instrumentation,
thermocouples/transducers (for control / for process evaluation).
Metric/Imperial dimensioning and hardware. High power voltage/frequency.
Control power voltage/frequency. NEMA type or other standard enclosures.
Special provisions, (shielded wire) etc.

e With or without rupture disc or shear device.

e Any envelope requirements, (i.e. clearance to other objects, handling
equipment, space for removing, swing away design etc.)



Process Data:

Flow Rate.

Allowable or desired flow rate per hole (determines number of holes).
Operating Temperature.

Process material (s), Basic description/ formulation. Rheology data on
material (s). (see photo’s #1 & #2)

Viscosity as a function of temperature sensitivity (Poise).

(Also the no flow temperature)

Viscosity as a function of shear rate or shear stress (Poise)

(Shear sensitivity exponent, commonly known as the power law exponent for
the fluid)

Melt density ( Grams per cubic Centimeter. As close to operating temperature
as possible.

If the materials have Bingham, or Dilatant characteristics, we would need to
know the parameters at which the changes occur as a function of shear rate

(or shear stress) and temperature. (see sketch #1 A & #2)

For a given die design,(hole geometry, channel geometry, breaker plate
configuration, screen pack requirement etc.) and a given material and flow rate, an
overall pressure drop can be calculated, as well as a pressure drop across the face
of the die. (see sketch #1-B)

The value of obtaining the pressure drop across the face of the die is to ensure
uniformity of strand (or sheet) velocity. One would then need to go back and
calculate (or mathematically model) the extruder screw performance (“A” term-
“B” term) for the given screw design that is to be utilized. This is done to ensure
that it will produce the volumetric displacement at the calculated pressure drop
within the required temperature rise to achieve the desired results for the
application. (see sketches #1-C & #1-D)

For these calculations, more characterization and geometric ‘data is required. A
design evaluation of mechanical properties for the die is also a requisite to ensure
proper safety factors exist in relation to the design pressure specified. Finally, a
manufacturing evaluation is required to ensure the components and assembly can
be constructed within the design parameters for the projected costs and delivery
needs.



Other factors may also influence the development of an optimum die for a unique
application. However, it is plain to see that it is not likely that one entity would
have all of the expertise, equipment and technology to perform all of these tasks
with the desired results. This is where the value of partnering of resources becomes
obvious.

Partnering is nothing more than developing a team effort to solve a problem
(capitalizing on an opportunity). Except that partnering is a long-term relationship.
When implemented most effectively, it will develop on a macro scale and a micro
scale. Macro scale inter company, Micro scale intra company. It is an approach
that involves good project management, an overall knowledge of the requirements
and a good experience level with qualified support groups. Unlike standard
approaches to new product/production development, which traditionally are series
flow programs, partnering normally yields series/parallel efforts. This nominally
reduces the time to get the product to market and subsequently simplifies the
equipment design, lowering production equipment and operational costs. This
process requires excellent communication and information exchange with cross
sharing as necessary. Each team member brings a technical competence in a
specialized technology to the project. In most cases this technology is considered
state of the art. Co-ordination and common sense oversight of the project and its
activities is essential for efficient practical application of the technology. The
group effort must all be directed toward the same goal with a sense of urgency.
This concept when implemented properly will address the issues of minimal lead
time, lowest product cost with optimum performance, and highest quality of the
end product.

The employment of these techniques in the design and manufacture of hardware
for a first time process results in significant time saving’s, accuracy of final design
and optimum quality of product.

The application of this philosophy can be demonstrated in this industry through
reviewing examples of several joint development efforts for new production
capabilities at Naval Surface Warfare Center (NAVY) in Maryland, and Picatinny
Arsenal (ARMY) in New Jersey. Team members resided in NJ,MD,UT,MI.



During the last two years three dies for Naval Surface Warfare Center , IndianHead
Md. (NSWC/IH) and Picatinny Arsenal (PA) were designed and manufactured
using mathematical modeling.

These included the 2.75” rocket motor die for the CPOCP program and two-strand
gun propellant die (involving an energetic thermoplastic elastomer) for the Green
Energetics Manufacture (GEM) program for NSWC and a single strand die for
continuous extrusion of PAX II explosive. For each die, the following steps were
taken.

1.

Highly filled Materials Institute @ Stevens Institute of Technology (HfMI/SIT)
evaluated the ingredients of the formulation and identified/calculated key
characteristics including sizes of particles, and maximum packing fraction.

The formulations were prepared in batch and their rheological behavior was
characterized at NSWC under Dr. S. Prickette’s direction for the CPOCP and
GEM program and at Thiokol for the PAXII program. The data were
electronically transferred (e-mailed) to HEMI/SIT.

. HIMI/SIT wused the data to determine the parameters of viscoplastic

constitutive equations and Navier’s wall slip condition using a combination of
Finite Element Model (FEM) calculations and analytical models of viscometric
flows.

HfMI/SIT identified the key performance and product requirements including
density, weld-line strength, variation in particle concentration.

Analytical methodologies were used to select candidate geometry’s for each
die. FEM meshes of the candidate die geometry’s were built at SIT.

The mathematical model of the die flow was carried out using three
dimensional FEM at SIT for the internal channels of the die. The model
provided the three dimensional distributions of velocity, stress, strain, shear
rate, residence time and temperature.

Modifications on the internal geometry were made until all performance
criteria were satisfied.

This geometric form was translated to an AutoCAD file and then transmitted
electronically to Shear Tool, Inc. in Saginaw MI. At the same time Naval
Surface Warfare Center in Indianhead, Maryland transmitted the geometry of
the machine that the die was to mate up to too Shear Tool via the same
electronic media.



Shear then designed the external features of the die from the internal surface
model and the external mating requirements of the extruder and propellant
grain receiver. When looking at the design, they applied techniques based on
efficient manufacturing methods and split components accordingly. They also
made minor modifications to the insides of the die to improve
manufacturability.

9. Preliminary computer drawings were then electronically transferred to SIT and
NSWC. SIT evaluated the suggestions by either analytical or numerical
simulation means for their impact on the thermo-mechanical history of the
energetic material in the die and ramifications on performance criteria. Various
alternatives were also evaluated. These were discussed on conference calls
between the two groups until the best compromise of manufacturing and
process requirements were reached.

10.Meanwhile NSWC reviewed the design for operation, maintenance and safety
issues. Their concerns and suggestions were electronically transferred to Shear
for incorporation. Some of these affected component manufacture and
conference calls between Shear and NSWC resolved these issues with the best
compromise for both parties. ~Additionally, materials of construction, surface
finishes tolerances, back up components and a recovery strategy in case of
performance problems were deliberated and solved via joint conference
communication. Shear provided strength calculations and certifications while
NSWC provided safety-modeling calculations.

11.From this evaluation, the final design in an Auto-CAD file emerged. After a
final review all parties signed off on the final design and the die went into
production.

12.Computer Aided Drafting (CAD) designs were electronically transferred and
loaded into computers to develop programs used for running computer
numerical controlled machines. The programs were transferred to the
manufacturing equipment through post processors which automatically
translate them to the unique machine language before being sent to the specific
manufacturing machinery through a distributed control system network. The
manufacturing materials were then loaded in the machines and the parts were
produced.



13.The die, when completed in manufacturing, was inspected by Shear Tool, SIT
and NSWC or Army personnel. Upon acceptance the die was installed and
tested using first simulant, then the live formulation.

14.The pressure and temperature history data were compared with the predictions
of the mathematical model to assure that the changes in the material did not
take place and the rheological data and geometry’s, were accurate.

15.The ultimate properties of the extended grains and the compliance with
performance criteria including density, weld-line strength etc. were evaluated
to ensure that the die was acceptable without reservations.(see photos #3 & #4)

For the three dies designed and manufactured this procedure resulted in three dies,
which were found to be acceptable without reservation. No trial and error
procedures were ever required during this program and the project was successful.

A similar project was run with another department at NSWC where the problem
was the replacement of a nine-strand ram extrusion die. The die was worn out
from many years of use, and was in dire need of replacement. The department head
had previously discussed with Shear Tool, the possibility of replacing this die.

He said the performance of this system which produced propellant over a 20-year

period, nominally ran 40 + % rejects, (scrap rate) on the final product. Shear
looked at the old die and suggested from practical experience, the die looked like a
poor design based on today’s technology. They suggested the department head
contact HIMI to see if they felt important performance improvements could be
achieved by modifying the process flow path through the die.

After consultation, HfMI felt that a redesign could result in a dramatic performance
improvement. HfMI’s materials characterization showed the product to be
extremely sensitive to thermal excursions, and saw major fluctuations in viscosity
as a function of this. The material was also very shear sensitive. HFMI modeled
the inside for flow characteristics while Shear looked at a redesign of the cooling
channels and circulation paths for improved temperature control as well as
isolation from the large thermal mass effect of the ram extruder. The same
team/partnering concept was employed, using computer simulation, computer
design, computer manufacturing, co-ordinated by electronic data transfer and Tele-
conferencing. The result was a process system that went back into operation with a
reject (scrap rate) of 1%. The department manager received the NSWC annual
“Cost Reduction Award” award for this achievement. (see photo #5)
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The same concepts were employed at Picatinny arsenal for the development of a
die insert for Low Vulnerability Ammunition. When the die inserts were coupled
with the right screw design, the results were very positive, with the extrusion of an
acceptable propellant for a foreign consumer.
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