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SUBJECT: Manufacturing Methods and .Technology Program Project Summary
Report (RCS DRCMr-302)

SEE DISTRIBUTION (Appendix II to Inclosure i)

1. In compliance with AR 700-90, Cl, dated 10 March 1977, the Indus-
trial Base Engineering Activity has prepared the inclosed Project Sum-
mary Report.

2. This Project Summary Report is a compilation of M~~T Summary Reports
prepared by IBEA based on information submitted by DARCOM major subor-
dinate commands and project managers. These projects represent a small
cross-section of the types of efforts that are being conducted under the
Army’ s Manufacturing Methods and Technology Program. Persons who are
interested in the details of a project should contact the project offi-
cer indicated at the conclusion of each individual report.

3. Additional copies of this report my be obtained by written request
to the Defense Documentation Center, ATTN: TSR-i, Cameron Station,
Alexandria, VA, 223l~4.

1 m ci. • R. GALLAUGHER
as Director,
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INTRODUCTION

Background

The Manufactur ing Methods and Technology (MMT) Program was estab-
lished to upgrade manufacturing facilities used for the production of
Army materiel, and as such, provides direct support to the Industrial
Preparedness Program. The Manufacturing Methods and Technology Pro-
gram consists of projects which provide engineering effort for the
establishment of manufacturing processes, techniques, and equipment
by the Government or private industry to provide for timely, reliable,
economical, and high—quality quantity production means. The projects
are intended to bridge the gap between demonstrated feasibility and
full—scale production. The projects are normally broad based in ap-
plication, are production oriented, and are expected to result in a
practical process for production. The projects do not normally in-
clude the application of existing processes, techniques, or equip-
ment to the manufacture of specific systems, components, or end items,
nor do they apply to a specific weapon system development or a pro-
duct improvement program.

!*~T Program Participation

!.Q(T Programs are prepared annually by DARCOM major subordinate
commands. These programs strive for the timely establishment or im-
provement of the manufacturing processes, techniques, or equipment
required to support current and project programs.

Project proposals (Exhibits P—16) are submitted to the appropriate
MMT Program Office. A list of offices Is provided in Appendix I.
Additional information concerning participation in the )1T Program
can be obtained by contacting an office listed or by contacting Mr.
James Carstens, AUTOVON 793—5113, or Conunercial (309) 794—5113, In-
dustrial Base Engineering Adtivity, Rock Island, IL 61299.

In anticipation of the lengthy DOD funding cycles, projects must
be submitted in sufficient time for their review and appraisal prior
to the release of funds at the beginning of each fiscal year. Par-
ticipants in the program must describe manufacturing problems and
proposed solutions in Exhibit P—16 formats (see AR 700—90, 4 August
1975, for instructions). Project manager offices should submit their
proposals to the command that will have mission responsibility for
the end item that is being developed .

1
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Contents

This report contains summaries of 46 completed projects that were
funded by the MMT Program. The summaries are prepared from Project
Status Reports (RCS DRCMT—301) and Final Technical Reports submitted
by organizations executing the MMT proj ects. The summaries highlight
the accomplishments and benefits of the projects and the implementa-
tion actions under way or planned. Points of contact are also pro-
vided for those interested in obtaining additional information.

The lINT Program addresses the entire breadth of the Army pro-
duction base and, therefore, involves many technical areas. For
ease of referral, the project summaries are grouped into six tech-
nical areas. The technical areas are CAD/CAN , Electronics, Inspec-
tion and Test, Metals, Munitions, and Non—Metals.

The Summary Reports are prepared and published for the Office
of Manufacturing Technology, DARCOM, by the Manufacturing Technology
Division of the Army Industrial Base Engineering Activity, (IBEA) In
compliance with AR 700—90, Cl.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology proj ect 175 8154 entitled “Com-
puter Aided Die Design and Computer Aided Manufacturing for Extrusion
of Aluminum; Titanium and Steel Structural Parts” was completed by the
US Army Aviation Research and Development Command in June 1978 at a
cost o f $185,500.

BACKGROUND

Large numbers of extruded aluminum, titanium, and steel components
are used in the manufacture and assembly of military hardware. Most
of these components are extruded by conventional hot extrusion tech-
niques. Although the extrusion process has been a viable manufacturing
process for more than a generation, with the exception of glass lubri-
catIon in high—temperature extrusion, hardly any improvements have been
made. Extrusion technology is still based largely upon empirical cut—
and—try methods which result in the high cost of extruded products.
Most of the tool design and manufacturing work for extrusion is still
done by the Intuitive and empirical methods. Therefore, extrusion die
design and manufacturing is still considered an art rather than a science.

SUMMARY

The overall obj ective of this manufacturing technology program was
to develop practical computer—aided design and manufacturing (CADCAM)
techniques for e~trusion of aluminum alloys, steels, and titanium alloys.
Computer pr~~rams were developed to optimize the extrusion process and) to design and manufacture extrusion dies. Die design problems such as
location and orientation of openings, elastic deflection of the die,
and bearing length specification were addressed.

Two programs were developed . The f irst  is for streamline dies for
hot extruding steel or titanium structural shapes. The second system
is for flat—faced dies for conventional hot extrusion of aluminum. In
addition to die design and manufacture, the system developed also makes
a production analysis based on criteria specified by the user.

BENEFITS

This proj ect developed extrusion CADCAN technology. Iripleinentation
will:

Reduce skill and experience required by designers and draftsmen.

14



• Increase productivity In production analysis, die design, and die
manufacture.

• Improve press operations by fewer die trials and better repeat—
ability.

• Increase material yield by optimum billet size, press selection,
and die desIgn-

IMPLEMENTATION

A Government/Industry technical briefing was held at Battelle on
16 Jun 78. Over 100 people attended. Distribution of final reports
and participation at appropriate technical meetings will continue.

MORE INFORMATION

Additional information on this project is available from Mr. Gerald
Gorline, US Army Aviation Research and Development Command, AV 698—6476,
or (314) 268—6476; or Mr. Roger Gagne, US Army Materials and Mechanics
Research Center, AV 995—3436, or (617) 923—3436. Reference Technical
Report No. 76—12 and TR78—29.

Su ary Report was prepared by the Manufacturing Technology Division, US
Army Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology proj ect 674 7497 titled “Extended
Use Optical Tooling” was completed by Frankford Arsenal on 1 June 1976
at a cost of $70 , 000.

BACKGROUND

Present methods of lens manufacture requires eighteen items of
special tooling. Some of the tooling can be used on more than one lens
within narrow ranges; however, the majority of the tooling is applicable
to one lens only . Tooling of more universal nature or tooling that
can be progressively modified for new optics would result in more econom-
ical lens manufacture.

SUMMARY

This project was initiated in September 1973 and the final report was
submitted in June 1976. Early studies in the program indicated that the
original approach of designing more universal tooling was not an economical
approach. The program objective was then modified to provide the neces-
sary tooling at a lower cost. The methods selected for reducing the cost
of the tooling was to computerize the design. This computer model was
written and checked for accuracy. The results were documented in Frankford
Arsenal report no. FA—TR—76071 titled : “Optical Tools Computerized Design
and Manufacture”. This effort is continuing under project 675 7497.

BENEFITS

This project has provided a computerized program for the design of
tool required to produce lenses by the spot block method.

IMPLEMENTATION

There was no implementation planned for this first part of the
effort. Implementation will occur at the end of the follow—on effort
675 7497.

MORE INFORMATION

Additional informat ion can be obtained by contacting the project
off icer , Mr. D.J. Fischer, AV 880—6714, ARRAD COM, Dover , NJ.

Summary Report was prepared by Manufacturing Technology Division, US Army
Industrial Base Engineerng Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology project R76 3232 titled “Compu-
terized Production Process Planning” was completed by the US Army
‘tssile Research and Development Co,jnnand in February 1978 at a cost
of $244,953.

BACKGROUND

Process planning is the first step in manufacturing and has a major
effect on the cost of fabricating goods in the metal cutting industry.
Process planning procedures that depend exclusively on skilled or trained
production labor are vulnerable to delays, errors, and higher—than—nec-
essary production costs. In recent years the interest in programming
computers to generate process plans for manufacturing parts has grown ;
however, the complexity of machined parts process planning has resulted
in computerized process planning remaining in the conceptual stage
fo r some time.

The Computerized Production Process Planning (CPPP) system demon-
strated under this project is a system that will assist process planners
in planning the fabrication of machined cylindrical parts.

SUMMARY

The three primary program objectives were: (1) descr ibe the CPPP
system technology, (2) demonstrate application of the technology for
a cylindrical part famIly, and (3) determine the benefits of computer-
ized process planning in general and CPPP in particular. A five
volume report , MIRADCOM Report No. R 76—942625—14 titled “Computerized
Production Process Planning” was published describing the approach to
and results of this program. Final results showed that computerized
process planning is economically and technologically feasible.

The CPI’P system is designed to be independent of the production
methods or machining processes of a particular manufacturer. Rather
than building manufacturing technology into the computer system, pro-
cess decision modeling is used to express the manufacturing rationale
for fabricating a family of parts. This approach lets each workshop
program the process decision rules most appropriate for its produc-
tion procedures and resources. The rules are written in an English—
like problem oriented language which are converted into a coded form
by a special language processor.

7 
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Fully automated process planning for all parts in all workshops
is many years off. Even then, full dependence of automatic methods
is neither practical nor desirable. Human supervision and interven-
tion must be permitted for a variety of reasons. The CPPP system is
designed to provide extensive man—machine interaction capabilities
for planning detailed operations. A detailed documentation (fully
illustrated) of the man—machine communication procedures was de-
scribed. It can be used as a manual by process planner to develop
a complete understanding of how the process planner can supplement
the decision—making capability of CPPP or modify process plans. Also,
the process planner can define alternative operations and sequences,
then use the analytic capability of CPPP to obtain detailed analysis.
Process planners have the option to selectively interact with CPPP
at all major decision points. A high—level diagram of the CPPP sy-
stem is shown in Figure 1.

CODED PROCESS 
~~~~~~~~~ DECISION

RULES MAKING

MACHINE AND MACHINING AND

RESOURCES DIMENSIONING
ANALYSIS

MACHINA BILITY
DATA MAN—MACHINE

_____________ 
COMMUNICATION ~

DATA PROCESS P L A N N I N G
BASE COMPUTER

Figure 1 — Overview of CPPP implementation.

BENEFITS
This project was only the first part of the total effort. There—

for e, most of the benefits will be accrued after completion of the
follow—on project. This project did indicate that Computerized Pro—
duction Process Planning can be cost effective and it defined equip-
ment and procedures for the follow—on effort.

8
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IMPLEMENTATtON

The CPPP system has been partially Implemented working at facilities
on defense contracts.

MORE INFORMATION
Mr. Richard Kotler, MIRADCOM, Huntsville, Alabama, AV 746—1835, or

Commercial (205) 876—1835.

Summary Report was prepared by Manufacturing Technology Division , US
Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology project 275 9371 titled “Au tomat ing
Electrode Production for Lithium Cells” was termina ted by the Elect ron ics
Command after  expending $449 ,200.

BACKGROUND
Lithium cells provide the operational advantages of increased op-

erating temperature ranges, longer shelf life, reduced weight, higher
energy density, and higher voltage. These cells, however, present
significant manufacturing problems particularly in automated techniques
for producing the electrode structures.

SUMMARY
This was a joint Army—Air Force project to develop a pilot line

for producing lithium batteries. A contract was let to Power Con-
version Incorporated of Mount Vernon, NY , to accomplish the effort.
The three basic objectives of this program were as follows:

a. Establi~h the producibility of the specified hermetically
sealed lithium cells and batteries by mass production techniques.

b. Establish and improve quality control surveillance and in-
spection.

c. Initiate process improvement to minimize overall fabrica-
tion costs and time.

This effort was terminated on 14 Sep 78 due to projected cost
overruns and the ability of already existing commercial sources to
provide the required production rate for these batteries. Figure 1
is a cross section of a lithium cell.

The cathode material proposed for these cells contained carbon
and polyetrafluorethylene (PTFE). The separator material was poly-
propylene and the electrolyee was sulfur dioxide, organic solvent
and lithium salt.

11
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SEPARATOR CATHODE LI THIUM STEEL CAN

CAP ______________________________ 

TOP ASSY. ________________________________

Figure 1 — A cutaway of a typical lithium
battery showing its principal
components.

BENEFITS

The availability of these types of batteries from commercial
sources precluded the attainment of any worthwhile benefits from
this proj ect.

I MPLEMENTATION

Implementation is no longer required because. lithium batteries
are commercially available.

MORE INFORMATION

Mr. Gabriel I. DiMasi, Ft. Monmouth, NJ , AUTOVON 995—4281.

I

Summary Report prepared by Manufacturing Technology Division , US Army
Industria l Base Engineering Ac t ivity, Rock Island , IL 61299.
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MANUFACTUR ING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology project 173 804 6 titled “Small
Cooled Axial Turbine Blade, Vane, and Disk Fabrication” was completed
in May 1977 by the U.S. Army Aviation Systems R&D Command (AVRADCOM)
at a cost of $794,000.

BACKGROUND

The turbine blade assembly of an axial turbine engine is the most
critical operational area and has the highest replacement rate. Turbine
disks and cooling plates for the T700 engine are produced from Rend 95,
a highly alloyed , precipitation—strengthened, nickel—base superalloy.

This project investigated an improved powder metallurgy production
process for manufacturing premium quality hot isostatically pressed
(As—HIP) T700 engine turbine hardware. The AVRADCOM Appl ied Technology
Labora tory and the General Electric Company , producer of the T700 turbine
engine, developed this process technology. Prior to this effort, Rene’ 95
turbine disks and cooling plates were forged from powder metal compacts
and cast ingots. Because of high alloy content, Rend 95 was difficult
and expensive to produce by this method. The greatest cost element was
the forging cycle.

SUMMARY

This project emphasized two important developments: shape—making
and post—compacting thermal processing for processing As—HIP powder
metal superalloy components.

The shape—making techniques were developed by iteratively fabrica—
ting compacts, evaluating dimensional tolerances, and modifying the mild
steel can design. The procedure reduced the size of the cowpact as much
as possible while maintaining an acceptable 1/8—inch envelope around the
part shape. The procedure resulted in eliminating the forging steps and
reducing material quantity by 50 percent.

An extensive post—compacting thermal processing optimization process
was developed utilizing solution heat treating, quenching, and aging
treatment. The resulting material exhibited equivalent rupture and fa—
tique properties with slightly lower tensile strengths as compared to the
original wrought material.

lI~
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As—HIP turbine disks and cooling plates were fabricated in quantity
for the demonstration of production capability and testing. Following
successful spin testing and verification of mechanical properties , these
components were qualified on T700 turbine engine tests. Figure 1 shows
the T700 disks (upper) and cooling plates tha t were submitted for engine
tests.

Figure 1 — T700 Disks and Cooling Plat. s Machined
From As—HIP Preforms.

BENEFITS

The development of the forgeless HIP process has resulted in a cost
savings of more than $3 , 000 per T700 engine.

Other nonmonetary benefits include an expanded knowledge of cooling
rates in quenching and established ground rules for reheat treating parts.
This technology is applicable to commercial turbine engines. Also, this
project has initiated other programs that build on this technology. These
joint Army/Air Force programs deal with clean superalloy powder and dual
proper ty turbine wheels for small engines .

IMPLEMENTATION

The results of this project have been implemented in the production
of T700 turbine engine disks and cooling plates.

15



MORE INFORMATION

Additional informat ion on this project is available from Mr. Jan
Lane, Applied Technology Laboratory, US Army Research & Technology
Laboratories, (AVRADCOM) , Ft. Eustis, VA 23604 , AV 927—2771. The pro-
ject is reported in USA A}IRDL Technical Report TR—76—30, “Development
of Hot Isostatically Pressed Rend 95 Turbine Parts”, May 1977.

Summary Report was prepared by Manufacturing Technology Division, US
Army Induatrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology project 373 3035 titled “Process-
ing Procedures for Adjacen t and Intersecting Welds on Missile Components ”
was completed by the Army Materials and Mechanics Research Center for
the Army Missile Command in December 1974 at a cost of $109,000.

BACKGROUND
The welding of thin high—strength steel rocket and missile cases often

requires close proximity parallel and intersecting welds. The proper-
ties of a weldment can be degraded by the as—cast structure of the weld
deposit and temperature influence on the parent metal microstructure
near the weld. Often, overwelding is used to compensate for these neg-
ative effects. The need for improved welding procedures was encountered
during the production of Hercules and Hawk missiles.

SUMMARY

The objective of the program was to determine the minimum weld build-
up required for adjacent and Intersecting welds and determine the effects
that spacing between parallel welds might have on weldment properties.
This project was the second phase of a three phase effort. This study
investigated joint geometries, surface preparation, and problems associ-
ated with seam welds and combination seam and but t  joints.  The materials
used in this phase of the program were sheets of AISI 4130 and 18% nickel
maraging steel and filler wires designated as Linde 140, airco AX—140,
Linde 71 , and 18% nickel inaraging steel. Gas tungsten arc welding was
used throughout the program . The welding setup is shown in Figure 1.
Pre— and post weld heat treatment data was collected that would produce a
tensile strength of approximately 250,000 psi. When this project was
completed process parameters for heat treating, welding and testing of
sheets containing parallel welds were being documented for 1.2 inch and
3/4 inch weld spacing. The problem of cracking and lack of penetration
just after the intersection of parall’l welds on laborator~ test sheets
was eliminated by grinding the parallel weld beads at a 45 angle at
each intersecting joint and dressing the faying surfaces of the sheets
with a file.

BENEFITS
The anticipated benefits from this project would be a reduction in

material and labor costs in items requiring close proximity welds.

17
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Figure 1 — Gas Tungsten Arc Welding Setup for Parallel
and Intersecting Welds.

I MPLEMENTATION

The investigation of parallel and intersecting welds will be con-
tinued in project 374 3035. No attempt was made in this effort to weld
missile or rocket cases as originally planned. The data and information
learned from this project is being applied in the follow—on project.

MORE INFORMATION

Additional information on this project is available from Mr. Francis
Quigley , AMMRC , Autovon 955—3113 or (617) 923—3233. Reference AMMRC
Technical Report TR 76—42, December 1976 for the final program report.
Reports are available from the Defense Documentation Center. Reference
Ad. No. A034169.

Summary Report was prepared by Manufacturing Technology Division, US Army
Industrial Base Engineering Activity, Rock Island , Il 61299.
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MANUFACTUR ING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology (MMT) projects 474 4330, 475 4330,
and 476 4330 titled “Fabrication of Aluminum Armored Vehicles by the
Electron—Beam Welding Process” were completed as a program in July 1978
at a total cost of $400,000.

BACKGROU ND

As a result of a 1972 study , the U.S.  Army Tank Automotive Command
(TACOM) concluded that using the electron—beam (EB) welding process to
fabricate aluminum armored vehicles offered potential savings over tIfle
conventional gas—metal—arc (GMA) welding process. Electron—beam weld-
ing provides the advantages of single pass joining capability , adapta-
bility to automation, and increased welding rates. This program was
undertaken to provide the manufacturing technology necessary for EB
welding aluminum armor joints. Armor joints require materials, plate
thicknesses, and joint geometries that are different than conventionally
EB welded jt ~its.

SUMMARY

The purpose of this program was to establish the manufacturing pro-
cedures required to implement the use of electron—beam welding for mass
production of aluminum armored vehicles. Grumman Aerospace Corporation ,
experts in electron—beam welding , were contracted for this work.

The program was divided into three efforts. The first phase, project
474 4330, consisted of determining welding parameters and armor joint
designs for electron—beam fabrication. Phase two, project 475 4330,
included setting—up the tooling and fixtures necessary for EB welding
a full—size aluminum vehicle hull. During the third phase, project
476 4330, a near full size M113 Armored Personnel Carrier hull was
fabricated by the electron—beam welding process.

Grumman developed electron—beam welding parameters for producing
ballistic joints in 5083 and 7039 aluminum alloys. EB weldments were
successfully qualified and weidments of different joint configurations
were ballistically tested. Electron—beam welded 5083 exhibited ballis-
tic impact resistance comparable to GMA welded aluminum. The impact
resistance of EB welded 7039 aluminum alloy, the predominant alloy in
the M113 vehicle, was found to be inferior to GMA welded material.
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Grumman successfully fabricated a near—full size 5083 aluminum M113
armored personnel carrier hull. This hull is shown in Figure 1.
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Figure 1 — EB Welded M113 Aluminum Armored Hull

The hull and tooling was specifically designed for EB welding in a
vacuum chamber. The hull design used a modular approach. First, sub—
assemblies were EB welded and then the subassemblies were joined to
form a complete hull. A total of 23 single—pass welds were required
to fabricate the hull. Joints up to 170 inches in length were welded .
Welding speeds were 18 inches per minute for 1½—inch—thick joints.
By oscillating the electron beats, joints were successfully welded with
up to a 0.125 inch mismatch and 0.060 inch gap condition.

A production manufacturing plan was developed which employs three
EB chambers, four EB guns and power supplies , and four welding oper—

• ators . This system would be capable of welding 12 aluminum hulls in
• two eight—hour shifts.

BENEFITS

This program demonstrated that aluminum armored personnel carrier
hulls can be successfully and cost—effectively EB welded . The total
cost savings achieved by EB welding in production is approximately 25
to 30 jercent compared to GMA welding. This savings is based on a
production run of 30,000 aluminum hulls. EB welding offers significant
recurring savings in welding time, consumables, and energy. An estim —
ated savings of $500 per hull is readily achievable.
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IMPLEMENTATION

The U.S. Army Tank Automotive Research and Development Command re-
viewed Grumman ’s final report and documented the work in a technical
report for official use only. There are no immediate plans to implement
EB welding for aluminum armored vehicle hulls, such as the M113 armored
Personnel Carrier hull.

MORE INFORMATION

Additional information on thi s program may be obtained from Mr.
Donald Phelps, TARADCOM , Warren , MI 48090; Autovon 273—1389, or com-
mercial (313) 573—1389.

I

.

Summary Report was prepared by Manufacturing Technology Division, US Army
Indust r ial Base En gineering Activi ty,  Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302~

Manufacturing Methods and Technology proj ect 473 4391 titled “Isothermal
Heat Treatment for High Strength Ductile Iron Castings (Phase I)” was
completed by the US Army Tank Automot ive Command in June 1976 at a cost
of $150 ,000.

BACKGR OUND
Tracked armor vehicle components may be required to operate in

temperatures rang ing from 125°F to —65°F. Therefore , these components
must be f abr icated f rom materials capable of providing the required
engineering properties throughout this temperature range. Traditionally,
alloy steel forgings have been used for critical vehicular components.
The use of ductile iron for parts subject to high loading has been quite
limited.

Ductile iron combines the ease of fabrication and economics of gray
iron with the material property advantages of steel. However, ductile
cast irons have not been used interchangeably with steel components be-
cause of decreased ductility at increased y ield st r engt hs and decr eased
toughness at lower service temperature. This project attempted to im-
prove mechanical properties in ductile iron through heat treatment and
alloying additions.

SUMMARY -

International Harvester Company investigated austempered ductile iron
containing nickel as an economical substitution for alloy steel forgings
in tracked vehicle components. This proj ect explored production casting
and isothermal heat treatment. Two ductil e iron alloys containing varying
levels of nickel as alloying el ements and 24 heat treatment cycles were
evaluated. The optimum heat treat cycle selected for ductile cast iron
containing 0.75 percent nickel was to austenitize at 1650°F for one hour
per inch of thickness, followed by an isothermal quench for one—half hour
at 700°F and hold for one hour at 700°F. An Improved ductile cast iron
resulted with a tensile strength of 135 ksi, yield strength of 97 ksi,
and elongation of 11 percent. However , the low temperature (—4 0°F) Charpy
impact toughness was only 3 f t—lbs which did not achieve the toughness
capability of forged alloy steel .

Three l~1113 Armored Personnel Carrier components were cast in green
sand molds with shell cores. Track shoes, suspension arms, and sprockets
were cast, heat treated, and machined.
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Figure 1 — As—Cast Ductile Iron Track Shoe

A ductile iron track shoe is shown in Figure 1. These components were
later field tested in a follow—on project.

BENEFITS -

A ductile iron with improved low temperature toughness and fatique
properties resulted from this investigation. Also, since these components
can be cast to closer dimensions than forged , less machining is required.
This results in less costly parts.

I MPLEME NTATION -

As a result of this proj ect , this program was continued. The components
produced in Phase I were subjected to evaluation tests in follow—on MM&T
project 475 4391.

t

MORE INFORMATION

Additional information on this project is available from Mr. K. Chesney,
TARADCOM , Warren , MI , AV 273—2065. Reference TACOM Technical Report No.
12167 , June 1976.

I

Summary Report was prepared by Manufacturing Technology Division, US Army
Industrial Base ~~gineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology proj ect 475 4392 titled “Joining
Dissimilar Metals (Phase I) was completed in June 1977 by the US
Army Tank Automotive Command at a cost of $130 ,000.

BACKGROUND
Due to the lack of technology for joining dissimilar metals , the

Army is limited in designing components from an optimum material consid-
eration. Design engineers are forced to trad’ off performance criteria
of optimum material combinations for. types of materials that can be
conventionally joined. Differen t metals can be joined by friction
or inertia welding , but these processes are limited to cylindrical
components. Pressure roll bonding and explosive bonding techniques
can also be used to join unlike metals. These processes are used for
producing bi—meta l transition strips. A transition strip is a lam-
inate o f two metals such as steel and aluminum that can be placed be-
tween plates of corresponding metals and welded. However, using
transition strips to join dissimilar metal plates posses a problem
because of the great difference in the melting points of aluminum
and steel.

SUMMARY -

This project was conducted in conj unction with the Army Material and
Mechanics Research Center ’s proj ect , “Join ing of Dissimilar Metals for
Structural Application”. The purpose of the Army Tank Automotive Command
(TACOM) proj ect was to establish production welding procedures for
joining dissimilar types of armo r plate using transition strips.

TACOM evaluated various welding procedures for joining different ma-
terials to developmental transition strips. The developmental transi-
tion strips with a niobium interface were produced by explosive bonding
techniques. Two different types of transition strips were used : steel
rolled armor bonded to 6061 aluminum, and titanium 6A1—4V alloy bonded
to 6061 aluminum. Figure 1 shows a dissimilar metal weldmen t with a
bimetallic transition strip developed by the Army Materials and Mechanics
Research Center for joining steel to aluminum.

A 5083 aluminum alloy plate was welded to the aluminum side of the
transition strip and steel alloy plate was welded to the steel side.
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Figure 1 — Dissimilar Metal Joint Produced Using a Bi—Metal Transition
Strip with a Niobium Interface.

Gas tungsten arc and gas metal arc welding processes were evaluated
for producing the dissimilar metal weldment. Eleven of twelve gas
tungsten arc weidmen t specimens failed within the -aluminum welded joint
during tensile testing. Figure 2 shows a tensile specimen with a typical
failure at the aluminum weld joint. Here, the explosively bonded joint
in the transition strip was stronger than the aluminum—to—aluminum weld.

•

1

Figure 2—Tensile Specimen of a Dissimilar Metal Joint Produced Using

t a Transition St r ip.

- 
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Four of nine gas metal arc welded specimens failed within the aluminum
welded joint during tensile testing. The remainder failed either between
the niobium interface or in the aluminum base metal of the transition strip.

The effects of high temperatures during welding on the joint strength
of transitional materials were also investigated. The tests showed that
the niobium bond deteriorated at a temperature of about 600° F. Niobium
in the transition strip prevented the use of higher deposition , higher
heat input welding.

BENEFITS

Dissimilar metal joining offers the designer greater freedom for im-
proving ballistic protection and reducing weight in armored combat
vehicles. Dissimilar metal joining eliminates more costly mechanical

V fasteners which are subject to failure under ballistic attack. Alum—
m u m  armored vehicles can be made less vulnerable in battle by select—
ively incorporating steel armor in specific areas. Steel armored ve-
hicles can be made lighter and more mobile with aluminum—steel joints.

IM PLEMENTATION
Dissimilar metal joining technology is currently being used by ship—

builders to attach aluminum superstructures and liquified natural gas
containers to steel hulls. Other applications may be made for surface
transportation equipment and bridge construction. Design concepts of
the Main Battle Tank (MBT7O) forerunner of the XMl—tank considered
using dissimilar metal joining. The General ~~tors version of the XM—1
also considered using this concept for the engine floor plates.

Work on dissimilar metal joining is continuing on project 476 4392 .
That phase of the program will verify the use of commercially available
transition strips for ballistic joints. Pending the successful completion
of this program, dissimilar metal joining requirements may be made for
future combat vehicles, including an advanced version of the )U4— 1 Tank.

MORE INFORMATION
Additional information on this project may be obtained from Mr. Samuel

Goodman , US Army Automotive Research and Development Command, Warren, MI
48090. AV 273—1814 or (313) 573—1814. Reference TACOM Technical Report
No. 11973, “Welding Dissimilar Metals”, January 1975 by Mr. Eugene Balla.

Summary Report was prepared by Manufacturing Technology Division, US Army
Industrial Base Rogineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology (MMT) project 476 4585 titled
“Evaluation and Application of Weld Penetration Control Equipment to
the Welding of Armor”, was completed in February 1978 at a cost of
$120 000.

BACKGROUND
In process control of gas tungsten arc welding could yield benefits

from reduced rejects, improved quality control, and increased service
life of welded armor components. The lack of full weld penetration in
steel armor produces crack like flaws that are detrimental to ballistic
and mechanical properties. Over penetration during welding is wasteful
of materials and labor.

Devices that control welding variables that could insure full pen-
etration welds would save time, material, and money. Earlier MMT
ef forts to control weld penetration with thermocouple sensing devices
were not successful. Since the completion of that work, industry
has marketed an infrared temperature measuring device that appeared
to have potential for application to the control of welding variables.

SUMMARY
The obj ective o f this program was to unite three pieces of equipment;

a feedback controlled welder, a weld penetration controller, and an
infrared temperature measuring device for the control of weld penetration .
This system was evaluated by welding 3/8 inch thick electroslag remelted
(ESR) SAE 4340 steel armor.

The US Army Materials and Mechanics Research Center (ANMRC) performed
this work for the US Army Tank Research and Development Command (TARADCOM) .
Figure 1 shows a close up of the welding area with the sensing element
of the infrared thermal probe to the right of center and the welding gun,
wire f eeder , and backup heater in the center of the photograph.

ESR 4340 plates were annealed , cut into 4” X 12” sectio9, beveled
at a 600 angle along the 12”—long side, and preheated to 325 F prior
to welding. The infrared thermal probe was mounted in place of the
thermocouple sensing device that was used in a previously established
welding system. The infrared thermal probe with a focal spot diameter
of 0.050” was focused with its center 0.4” from the weld centerline
and 0.4” behind the center of the welding electrode. Twelve ESR steel
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Figure 1 — Close—up View of Weld Penetration Control

armor plates were welded with 0.045” diameter AX 140 filler wire at
a wire feed speed of 100 inches per minute. The weld penetration
controller regulated the amerage over a range of plus or minus 20%

~~~~ the 300 amperes initial setting. Welding was performed at a rate
of 4 inches per minute.

The infrared temperature probe was an improvement over the thermo-
couple for measuring the temperature of a spot in a close proximity to
an arc moving along a plate being welded. Full penetration welds were
obtained by using the weld penetration control system.

BENEFITS
V.. This MMT project provided the hardware and technology for estab-

lishing a weld penetration control system. This system represents
an advancment in automating gas—tungsten—arc welding.

IMPLEMENTATION

The results of this project were distributed to inform potential
users of the procedures developed for weld penetration control.

4;
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MORE INFORMATION

Additional information may be obtained from Mr. B.A. Schevo at ‘TARADCOM ,
AV 273—2467 or Commercial (313) 573—2467. Reference Technical Report
ANMRCTR—78—6, February 1978.

Summary Report was prepared by Manufacturing Technology Division, US
Army Indt~strial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology (MM&T) project 576 3139 entitled
“Manufacture of Interconnections for Fluidic Circuits” was completed
by the US Army Armament Command in September 1977 at a cost of $145,000.

BACKGROUND

Presently, straight diffusion bonding is used as the final assembly
process for fluidic devices, but the combination of high temperature,
high interface contact pressure and intimate faying matchup make bom,d—
ing very difficul t as well as costly. Distortion of the aluminum as-
semblies is a problem because of the necessary pressure and temperature.
Fluidic circuit interconnections are required in all fluidic systems.
These interconnec tions often constitute an expensive, time consuming
portion of tooling and manufacture.

Project work was accomplished by in—house work at Harry Diamond Lab-
oratories and by contractual work with AVCO Aerostructures Division, Nash-
ville , TN.

SUMMARY

The objective of this project was to investigate and document produc-
t ion techniques determined to be beneficial for Improving the production
of fluldic interconnections. These techniques could be used as part of an
effort to develop syster.3tized production procedures to reliably produce
fluid ic hardware.

A rel iable and predictable method is needed for joining the precision
machined e1L~ ents of fluidic control circuits. The joining method chosen
must be appl icable to production type operations. The materials used to
join the elements must not extrude into the passageways or must extrude
into the passage in a predictable manner.

Four braz ing p rocesses wer e con sidered for  metal lu r g ically bonding
the fluidic interconnections. Methods of brazing with flux were not
considered because of known problem s with flux seeping into and remain-
ing in the small passages after brazing. The fluxiess bonding processes
Investigated were aluminum vacuum brazing , aluminum furnace brazing ,
aluminum semi—solid—state diffusion bonding, and aluminum—copper eutec—
tic bonding. Test plate samples utilizing each process were fabricated
and evaluated . Figure 1 shows a typical plot of flow versus pressure
for a channel in one of these plates. Results of the brazed test plates

30



indicated a need to carefully control cleanliness, braze filler quantity,
and temperature to obtain a leak—proof brazement with minimum intrusion
into the channels.
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Figure 1 — Plot of transducer outputs showing the
efforts ef brazing.

The most successful process was the aluminum semi—solid—state bond-
ing using a braze—clad sheet sandwiched between interconnection plates.
It was the most successful because there was less tendency for the braze
alloy cladding to flow into the passages. Although some problems were
experienced in reproducing original characteristics after bonding——
such as leakage and impendance changes——it is likely tha t these prob—
lems could be minimized or resolved if tolerances, quality control , and
fu rnace heating parameters were optimized .

Results showed that fluidic controls can be made out of metallur-
gically bonded aluminum if each joint interface is prepared so that
little pressure Is required to achieve atomic contact across the inter-
face. With this condition , strict process controls will produce sat-
isfactory results.
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BENEFITS

Although this project explored a number of areas, the major benefit
was an alternative to straight interatomic diffusion bonding in the as-
sembly of fluidic devices made of aluminum. Commercially available ma-
terials can be used without the need for special interface matching or
without significantly reduced pressures to achieve contact across the
interface. Leakproof and highly leak resistant bonds are formed re-
liably. The limited scope of this project did not permit the estab—
lishemnent of proven cost reductions for specific applications .

IMPLEMENTATION

Copies of the final report have been provided to government and
commercial agencies involved in fluidic technology . The status of the
work was reported to the Government Fluidic Coordination Group which
was formed to plan, share, and implement fluidic technology. The re-
sults of the project will be applied to prototype fabrication and to
an incoming MM&T program (Project No. 678 3901) as the assembly tech-
nique.

MORE INFORMATION
Additional information on this project is available from J. W.

Joyce, HDL, Adelphi, MD 20783, AV 290—3080. A Final Technical Report
entitled “Manufacture of Interconnections for Fluidic Circuits,”
dated 3 Oct 77, ATTN : DRXD O—RCD , Adeiphi, MD 20783 is also available.

1;

Summa ry Report was prepared by Manufacturing Technology Division, US Army
Industr ial  Base Engineering Act iv i ty ,  Rock Isl and , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology project 674 7481 titled “Engineer-
ing Applications of Horizontal Spray Quenching to Heat Treatment of Can-
non Tubes” was compled by Watervliet Arsenal in June 1976 at a cost of
$100,000.

BACKGROUND

The standard method for quenching tubes is their immersion into a
vertical tank of water. This approach requires the provisioning of a
large vertical envelope, facilitated by deep pits or high—bay construc-
tion, or, more practically, a combination of the two. This technique
is prone to poor control of local quenching rates, resulting in a var-
iation in mechanical properties. At the initiation of this project ,
only this vertical method was allowed by specifications. Experience
had shown that horizontal quenching of long tubes had a greater pro-
pensity for permanent deflections. Recent industrial experience, how-
ever, indicated that the spray quench method could be utilized hor-
izontally with less susceptibility to deflection. Additionally, more
uniform properties could be achieved.

SUMMARY
The purpose of this project was to develop a horizontal spray method

for quenching cannon tubes to increase quench efficiency, reduce proces-
sing time, and eliminate the vertical envelope required for vertical
quenching. The program was conducted through three parallel effort’~.
The first was the construction of a scaled—down in—house facility to
compare results of spray and immersion, using reduced size forgings.
The second e f fo r t  involved processing of full—scale forgings using the
spray qm ench system. Finally, the spray quench method was applied to
actual cannon tube forgings, using standard processing in all other
respects.

The project demonstrated that horizontal spray quenching can be
used in place of vertical immersion quenching for heat treatment of
gun tube forings. More uniform material properties and a considerable
reduction in process time were experienced. Handling of most forgings
at 1550°F — 1600°F in a horizontal position should not significantly
affect straightness if the forging is handled smoot hly.
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BENEFITS

Improvement of a procurement base for gun tube forgings is facil-
itated by a method of quenching allowing reduced vertical envelopes
in the plant structure. The variability of yield strength in gun
tubes is reduced . The efficiency of the heat treat cycle is in-
creased , yielding a projected savings of $800,000 per year, based
on 1976 production schedule.

IMPLEMENTATION
The results of the project were transmitted to the Arsenal Oper-

ations Directorate where the process was incorporated into the new
Integrated Line. The system, as installed , was bought from Selas
Corp. under a modernization project. It was first used for produc-
tion tubes in December 1977. Figure 1 shows the system as installed
in Bldg 135, Watervliet Arsenal.

I - l
V Figure 1 — Selas

- 

V - V V quenc t V ~g system is
• 

- 
V L  - V 

V 
inside the glass en—

I . - ~-1~~~ closure above the con—

~ 
!,. ~~~ ~~ ~~~~~~~~

‘ 

~~~~~~~~~ veyor. The quench
- med ia is water which

is recovered and re—

- - 

cycled.

MORE INFORMATION

To obtain additional information, contact the project officer , Mr.
Peter Thornton, AT 974—5517.

Summary Report was prepared by Manufacturing Technology Division, US
Army Indust~ ~;il Base Engineering Ac t ivity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-3(Y~)

Manufacturing Methods and Technology (MM&T~ projects 772 3513 and
773 3513 entitled “Develop Technology for Production of Blast Resistant
Mate rials for  Mine Neutralization System Components ” we re comp leted
by the U.S. Army Mobility Equipment Research & Development Command in
June 1976 at a cost of $130,000.

BACKG ROUND -

This p rogram was conducted to advance the technology in the fields
of casting , forging , vulcanization and composite joining. It was to
enhance the development and production of mine neutralization system
components that would be capable of withstanding the explosive ef fec ts
of 20 charges, each consisting of 25 pounds of explosives. The overall
objective of the program was to develop guidelines which would be used
by the manufacturer during production of mine neutralization components.
Project work was accomplished in—house by USA MERADCOM and contractually
by Case Western Reserve University, Cleveland , Ohio and Battelle Columbus
Laboratories, Columbus, Ohio.

SUMMARY

The program was divided into two distinct phases. The first phas2
included the development of technology for production of high impact
resistant materials (polymeric) and rubber components which could be
fabricated into items such as torsion bars and springs. The materials
would not only be resistant to shock but also to low and elevated
temperatures and exposure to fuels, lubricants, and weathering. Eval-
uations were conducted on rubber formulations using base polymers such
as propylene oxide (P0) rubber, epichlorohydrin ethylene—oxide/styrene—
butadiene rubber (ECO/SBR) blends, and dimeth yl siloxane. Formulations
using various polymers and blends of polymers were modified by varying
polymer ratios as well as plasticizers, fillers, and curing systems.
The best candidate materials were fabricated into scaled—down spring
models and were evaluated at various -temperatures down to —40°F. Spring 4
model formulations that exhibited low temperature serviceability were :

a. Three dimethyl siloxane formulations with service potential from
+180°F to —40°F or lower were identified as Si—78, SI—79 and Si—81.

b. An ECO/SBR blend with a service potential from +160°F to —35°F
identified as HS—53.

c. A propylene oxide formulation with a service potential from
V +160°F to —40°F identified as P0—66.
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Additional effort was not required since it was felt that the results
were sufficient to allow the data to be accurately extrapolated to full-
scale components without having to fabricate and evaluate them.

During the second phase, work was conducted to determine the feasi-
bility of forging and casting blast—resistant mine clearing roller wheels.
The work was designed to permit evaluation and comparison of prototype
roller wheels based on design of wheel shape, composition and properties
of various steels, .~ d on forgings versus castings. This requirement
arose from the delamination and subsequent shattering under blast condi-
tions of wheels produced fro~’ pL~ce. Castings of each of two wheel
designs were supplied under contract for a given specification. A total
of thirty (30) castings were produced . The specifications covering steel
composition , heat treatment, and mechanical properties for medium alloy
steels were ASTM A—487, Class 4Q; ASTM A—487 , Class lOQ ; MIL—S--23008B
(HY — 80) ; MIL—S—2 3800B (HY— lO O) ; and for high alloy steel was AIlS 5359
the two designs with the exception of the AIlS 5359. This particular
steel composition presented some melting and casting difficulties and
imposes a higher cost of materials and heat treatment.

Based on casting characteristics and economics, steels specified by
ASTM 487, Classes 4Q and 1OQ and MIL—S—23008B Classes HY—80 and HY—lOO
are very suitable for casting production in the designs specified .
Casting Design B (Figure 2) was less prone to casting problems than
Des ign A (Figure 1).

A-A A 
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Figure 1 — Design A Figure 2 — Design B

Forgings of each of two wheel designs were also supplied under contract
for a given specification. These forgings were produced from ASTM 4330,
ASTM 8630, HY— 100 type steels. The HY— 80 and HY—100 steels, conventionally
fo rged and oil quenched , and then tempered to selected hardnesses surpassed
the impact energy and yield strength requirements in both the longitudinal
and transverse directions. In general , wheel design “A” was more difficult
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to forge than wheel design “B”, using the same steel. The mos t common
problems encountered were radial cracks at the outer diameter of the rim ,
and die wear.

The results showed that impact resistance equal to or in excess of
published measurements of bar and sheet products of the same alloys could
be obtained in the mine—clearing roller wheels. The best impact resis-
tance was obtained with HY—80 which exhibited —100 degrees F impact
resistance in the range of 52 to 76 ft—lbs., well above the target minimum
of 35 ft—lbs . HY—l00 exceeded the minimum requirements, 8630 was marginal
and neither 4330 nor 4340 achieved the miniumum. In general , forgeability
ratings were proportional to impact resistance.

BENEFITS
The fabrication of high impact resistant torsion springs would in-

crease the life cycle of the mine roller as well as increase the operation-
al range to +180°F & —40°F. Savings can be realized in two basic areas; by
the reduction of productions costs or critical components since rejection
rates and/or high cost manufacturing methods will be minimized ; and by
the reduction in operating and maintenance costs associated with improved
effectiveness and reliability.

IMPLEMENTATION
The end products of this project could have been reflected in the

Technical Data Package for the prodcution of the Vehicle Mounting,
Nonexpendable Mine Clearing System. However , at the conclusion of the
second year of this three year program , a foreign manufactured mine
clearing system was found to meet all of the U.S. military requirements
and the design was pursued for adoption to the U.S. Army. Therefore,
the planned follow—on effort of this program was cancelled and the pre-
liminary results were not implemented.

MORE INFORMATION
Additional information of these projects is available from Mr. Emerson

W. Asher , Lab 9000, MERADCOM , AC (703) 664—5126 or AUTOVON 354—5126.

Reports detailing project efforts are Final Technical Report, DA
Project No. MMT 7733513, Case Western Reserve University, August 1974,
“Blast—Resistant Mine Clearing Wheels (Cast Steel)”, and Final Report.
ADAO19O21, Battelle Columbus Laboratories, December 4, 1975 , “Feasibility
of Forging Blast—Resistant Mine—Clearing Roller Wheels.”

Summary Report was prepared by Manufacturing Technology Division, US Army
Industrial Base Engineering Activity, Rock Island , IL 61299
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology project 575 1274 titled “White
Phosphorus Dry Filling Line” was completed by the Pine Bluff  and Edge—
wood Arsenals in March 1976 at a cost of $575 ,000.

BACKGROUND 
-

This proj ect was the first phase of a two and one—half year e f fo r t
totaling $1.8 million to install a prototype white phosphorus (WP) dry
filling line at Pine Bluff Arsenal. Before this project was undertaken,
the wet filling process posed a hazard to operating personnel and was
the cause of a significant amount of water and air pollution. Output

V per person was low because of the large number of manual operations.
The difference between the wet and dry processes is that in the dry
process the WP is injected directly into the munition cavity through
a nozzle while the wet process involved dipping the entire munition
into the WP, thereby wetting the outside of the munitions. The in— -

stallation of dry fill process would dispell the disadvantages of the
wet fill process and would improve productivity by including several
automated stations. Dry filling would eliminate the environmental
problems of fuming and “phossy water”. Work was performed in—house at
the Pine Bluff and Edgewood Arsenals. Contracts were let for procure-
ment of parts and materials for fabrication of equipment.

SUMMARY

The objective of this project was to install the dry fill process on
the #1 WP line at Pine Bluff Arsenal. A follow—on project would debug
and operationally teat the line. This line would serve as the prototype
for two additional WP lines. The WP line was tooled for the M60 105MM
proj ectile, but it was designed to be easily converted to handle the
11302 60MM, 11375 811111, and M156 2.75 in WP munitions.

The existing filling equipment using the height of fill method was
replaced with the more accurate volumetric filling equipment. The im-
proved filling head (see Figure 1) loads eight projectiles simultaneously.
Nozzles were open six seconds during the fill and a given amount of WP
flowed into the projectile. The total fill time, which included the
pallet travel time in to and out of the filling station was 14 secondè.
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Figure 1 — WP fill station with 8 Fill Nozzles

The level—check station will use thermocouples to determine the
height of fill. A detector head using two thermocouples to detect two
different levels of fill is planned. The temperature differential be— -
tween the WP and the air will indicate if the cartridge is filled within
tolerance limits. This detector head was still under development as
this project was being completed. Tests of the installed line were
made during January and February 1976, but the thermocouple detector
head was not yet functioning properly so a back—up manual height of
f ill check system. using a back pressure device was used successfully.

BENEFITS
This project will reduce the amounts of air and water pollution

generated during the WP filling operations. The WP line will be in
closer compliance with OSHA requirements. A reduction in the number
of personnel required will make the operation more economical.

IMPLEMENTA11ON

The FY76 proj ec t will automate several other stations, smooth out
total conveyor operation and provide for a formal acceptance test of

fr
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the line. Final Technical Data Package (TDP) on the dry filling station
will be used for acquisition of similar stations for additional lines in
the future.

MORE INFORMATION

Additional informat ion of this projec t is -available from Mr. Frank
M. Stewart, AV 584—2863.

Summary Report was prepared by Manufacturing Technology Division, US
Army Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTUR INC METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology (MM&T) project 570 4005 entitled ,
“Development of New and Improved Extruder for Extruding Composition C—4 ”
was completed by the US Army Armament Command in November 1974 at a cost
of $170 , 500.

BACKGROUND

The extrusion of Composition C—4 in the conventional manner is neither
efficient nor safe enough to meet production requirements for the expanding
demands. Comp C—4 has poor flow properties and extrudes slowly, even under
high pressure. Existing systems lack adequate controls to monitor abnormal
conditions and perform emergency shutdowns, and are unable to process some
lots of Comp C—4 to specification. Excessive maintenance is required with
difficulties and hazards involved in the disassembly and cleaning of the
units. This project was funded to develop a production extruder that would
greatly decrease rejects and successfully process Comp C—4 into an extruded
ribbon regardless of the material variables.

Project work was accomplished by in—house work at Picatinny Arsenal and
by contractual work by Sperry, Louisiana Army Ammunition Plant (LAAP) ; by
Bonnot Extruder Co., Ken t , Ohio; and by Technidyne, Inc., West Chester, PA.

SUMMARY
The purpose of this project was to design, procure, and evaluate a

prototype extruder specifically for extruding Composition C—4 in a safe
and efficient manner. The extruder would have an improved capabii ity of
providing an increased capacity, a more uniform product , a more flexible
input capability, and increased safety.

Two concurrent efforts were conducted ; one by Picatinny Arsenal and the
other by the operating contractor, Sperry, at the Louisiana Army Ammunition
Plant. Picatinny Arsenal anticipated benefits could be derived by reducing
the friction between the Comp C—4 and the inner surfaces of the extruder
die by ultrasonic activation of the extruder die relative to the linear
motion of the Comp C—4.

The Sperry effort at LAAP included the concept design for an extruder , V

the development of preliminary specifications, and a vendor survey of ex—
truder and special process equipment manufacturers.
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Picatinny Arsenal ’-~ initial effort was the evaluation of ultrasonic

activation of Camp C—4 by utilizing a small—scale press. After confirm—
ing the safety of this approach, a full—scale die activation system was
constructed and installed on a production extruder at Picatinny Arsenal .
See Figure 1.

1
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Figure 1 — Ultrasonic die activation system as installed. V

on extruder at Picatinny Arsenal.

Preliminary tests reconfirmed the safety of die activation and demon-
strated the anticipated ultrasonic benefits. The system was then in-
stalled at the Louisiana Army Ammunition Plant where a series of ex-
perimental extrusion runs were completed under production conditions.
As a result of these tests, it was determined tha t the cost and corn—
plexity of the ultrasonic die outweighed the improvements it exhibited
under production conditions.

The Sperry conceptual design of the prototype extruder was based
on correcting the inadequacies and expanding the capabilities of ex—
ist~ng production extruders. Some of the design features included :

a. Use of separate drives for the mixing and compression screw
augers to increase process flexibility by providing a wide range of
speed ratios.

b. A revised vacuum chamber to provide better deseration and pos-
itive material flow.

r
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c. One p iece augers to el iminate alignment and sealing problems
and prevent explosive migration between joints of a segmented auger .

d. Use of split barrels to simplify disassembly and increase
maintainability.

The specifications were submitted and a contract was awarded for
the design and fabrication of the prototype extruder. Upon completion ,
it was installed at LAAI’ for tests and evaluation. The results dis-
closed that the extruder greatly decreased rejects and that it would
successfully process Comp C—4 into an extruded ribbon regardless of
the material variables that were permissible within the Comp C—4
specification.

The density of the extruded blocks from the prototype extruder
exceeded the density requirements for the M18 Mine. The prototype
unit was also more stable and easier to operate than the existing
extruders since it did not require a long period of adjustment after
star tup nor did it exhibit cyclic process variations. The quantity
of rej ected blocks , which require reprocessing, was reduced signif i—
cantly .

BENEFITS

The benefits of this project were twofold : The prototype extruder
developed by LAAP was used as a basis for the purchase of two production
extruders. These ext ruders represen t the best s ta te—of—the—art  ava il-
able. The quality of the Camp C—4 blocks produced was improved , the
number of blocks rejected was reduced , and the cost of producing the
blocks was reduced significantly. The Picatinny Ar senal approach showed
that ultrasonic die activation could also increase production rates,
reduce rej ection rates and produce smooth and uniform blocks but at a
slightly greater cost. -

IMPLEMENTATION
The “H” line at the Louisiana AAP was equipped with two new pro-

duction extruders which are based on the design and operating spec-
ifications developed by this project. The extruder s were installed in
May 1975 and became operational in August 1975.

MORE INFORMATION

Additional informat ion on this project is available from Mr. F.
Strong, (201) 328—3760 or AV 880—3760. A Technical Report No. 4822
entitled “Ultrasonic Extrusion of Composition C—4 Products” dated
July 1976, ATTN : SARPA—TS—S , Dover , NJ is also available.

Summary Report was prepared by Manufacturing Technology Division , US
Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTUR ING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology project 569 4118, 573 4118, and
574 4118 t i t led “A Prototype Plant for Continuous Incorporation of
Composition B” was completed by the US Army Armament Research and De-
velopment Cotmmanu in May 1977. The project costs were $1 ,885,000;
$2,730,000; and $721 ,000 respectively for each of the funded years.

BACKGROUND

In modernizing the ammunition production base, the Army is converting
current bat ch processes to continuous processes to take advan tage of new
developments and improve safety of operations. Holston AAP currently pro-
duces RDX and HMX by a series of batch type operations. In the final op-
eration, incorporation, RDX, TNT , and wax are combined to produce Com-
position B. The current method of incorporation involves first, the melt-
ing of ~ batch of TNT and dumping it into a mixing kettle. RDX and wax are
added manually to the kettle which is stirred and heated . Excess water
is decanted and the batch is heated until all the moisture is evaporated.
The molten Composition B is then dumped to a hold—up pot and then trans-
ferred to a casting pot from which it flows onto a cooled moving stainless
steel belt in separate streams. After cooling and solidifying on the
water cooled bel t , the strips of Composition B breakup at the end of the
bel t and fall off-  into tote boxes .

SUMMARY
The purpose of the overall effort was the establishment of a pro-

totype continuous Composition B manufacturing line produc ing at a rate
of 7.5 million (M) pounds per month. This project was directed toward
the conversion of a batch incorporation facility to a prototype con-
tinuous RDX/TNT/Wax incorporation facility.

Two alternate approaches were evaluated. The first process consid-
ered continuously mixed wet RDX, wax , and TNT. It was determined that
thi s process had potential safety hazards due to vacuum drying and
pollution problems due to TNT contamination of water.

In the second process, RDX in a water slurry was coated with molten
wax. The wax coated RDX was designated Composition A—7 . The bulk of
the water was filtered from the A—i and residual water removed by dry-
ing. Mol ten TNT and the A—7 were then incorporated to form Composition
B. Using this procedure eliminated the safety and pollution problems
which developed in the first continuo’is process. This process was
selected for the prototype line.



Following process selection, design of the prototype line commenced .
A schematic drawing of the continuous incorporation process Is shown in
Figure 1. Following design, procurement of the prototype equipment was
initiated . Equipmen t purchased included an EIMCO belt filter, three
Wolverine Jetzone Driers, a Kenics static mixer , a casting belt , auto-
matic packaging equipment, and an automatic palletizer. Additional
equipment included conveyor systems to connect the various buildings
utilized in the continuous process.

COMP A-7 iH 2O SLU R R Y
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Figure 1 — Continuous Filter/Dry A—7 and Composition B
Incorporation Process.

The Composition A—7 was formed by add ing wax to the RDX water slurry in
a Kinec static mixer. The Composition A—7 was fed onto a horizontal belt
filter in the filtration/dry building. A pilot scale version of an EIMCO
filter had been evaluated and proved successful for this appl ication .
After filtering the Composition A—7 to a 8% moisture level , the A—i fell
onto the deck of a vibrating hot air dryer. A pilot scale model of a
Wolverine dryer had been evaluated and selected for this purpose. The -

Composition A— 7 was dried to 2% moisture level and conveyed by transfer
bins to the Incorporation Building.

In t he Incorporation Building, f laked TNT was received and metered into
an agitated mel t kettle. The molten TNT overflowed to the incorporation
vessel. Composition A—i was automatically metered into the incorporation
vessel so that a proper ratio of TNT to Composition A—7 was maintained . The
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Composition B formed flowed into a hold—up vessel from which Compo-
sition B was fed onto a revolving water—cooled casting belt. Solid
Composition B then would fall from the end of the belt into boxes
which were pallatized and shipped to storage.

An inert technical checkout of the process was then conducted. This
was done using water, corn, and rice. Following inert operation , ap-
proximately 12 ,000 pounds of Composition A—7 was processed and approx—
imately 12 ,000 pounds of TNT was screened. Portions of the Composition
A—i and TNT were then processed to incorporate over 12,000 pounds of
Composition B and 140 boxes of Composition B were packaged and pallet—
ized.

BENEFITS

A continuous incorporation process to manufacturE. Composition B at the
rate of 7.5M pound s per month was developed . Benefits for the prototype
line include (a) direct labor expenses will be reduced by approximately
$1 ,730,000 per year per line, (b) operating personnel exposure to explo-
sives will be reduced by approximately 50% (174 to 88) per line and (c)
increased product uniformity due to continuous operation.

IMPLEMENTATION
The continuous incorporation process is part of the new continuous

prototype line recently constructed for manufacture of Composition B
explosive at Holston AAP.

MORE INFORMATION

Additional information on this project is available from Mr. S. Doll—
man, AV 880—3717, or Commercial (201) 328—3717.

Suunary Report was prepared by Manufacturing Technology Division , US Amy
Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(ACS DRCMT- 02)

Manufacturing Methods and Technology project 573 4 134 titled “Develop-
ment of Detonation Traps (DT) for Improved Safety in Munitions Process
Plants” was completed by US Army Armament Research and Development
Command in May 1976 at a cost of $~i0,000.

BACKGR OUND

New concepts in design have been developed and implemented to mod—
ernize the ammunition plants. Some characteristic features of the new
designs include the continuous and automated processes for the production
of TNT and Composition B. These operations utilize pipel ines to trans-
port the in—process or final products from one building to another .
The probability of propagation and communication of an explosion from
one explosive source to another within the process necessitated a
means to interrupt and arrest the detonation wave. In order to safe— V

guard against propagation of a detonation through a pipeline, the
feasibility of a plug—type detonation trap (PDT—1) system was success-
fully demonstrated in FY72 under MMT project 5 72 4162. Results in-
dicated that a system could be devised with a suitable sensor that
would have a total response time of less than one millisecond . Im-
plementation of this type of detonation trap would improve safety at
munitions processing facilities.

SUMMARY

The general objective was to reduce explosive exposure in munitions
processing facilities by isolating one section from another by means of
protective detonation trap (DT) devices. The approach was the develop-
ment of one or more prototype DT units which could be installed in
production pipelines that carry explosives and result in improved safety
in the munitions plant.

The program covered the development and testing of prototype DT and
examined other concepts as alternative back—up designs.

Two basic types of UT’s were proposed : (1) a plug type trap wh ich
closes a line by injecting a barrier perpendicular (radially) to the
direction of flow, (2) an open type trap which separates the line and
causes a discontinuity in the propagation of the wave.

The first series of tests were conducted with only a single plug
type trap (PDT—1) 1.n the system. However, one PDT—1 would not com-
pletely arrest the detonation wave but it did reduce the wave to a low
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order reac t ion .  A . s e r i & s  of tes ts  were then conducted w i t h  a two DT
system . The DT system evaluated was composed of dual t rap  uni ts
separated by a short length of pipe. The system was tested in the
f ie ld  under s imula ted  operat ional  conditions , using molten Composi t ion
B in a one—inch , schedule 40 , s team—jacketed pipel ine wi th  the det-
ona t ion  in i t i a t ed  30 f i ~e t u p s t r e a m  of the  t r a p s .

Figure 1 shows a s impl i f ied schematic of the two detona t ion trap
concept .  The system consists of dual t raps  each of which contains an
explosive accurator  and a detonation arrestor and in addit ion , a break—
wire sensor and an el ectrical power sou rce. When a detonation occurs
in an explosive process , it propagates throug h the p ipeline , f raments

V 

- 

~~~~~~~~ 
-

Fi gure 1 — Detonation Trap Concept

the  pipe , severing the breakwire sensor located upstream of the trap .
Breaking of the wire causes the firing circuit to energize and initiate
the explosive train in the DT. The resulting explosive force drives
the plug downward into a conical open ing where it is brought to rest
by friction and interference of mating parts. As a result of these
actions , the  plug intercepts the wave , absorbs its energy,  and impedes
further propagation. The total time interval from severing of the
breakwire sensor to trap closure is less than one millisecond .

Results indicated that the detonation wave was always reduced to a
negligible or low order reaction by the first DT and the second rir
completely stopped the reaction. A prototype two DT system then was
successfully developed which effectively sensed (one millisecond ) and
arrested the detonation of molten Composition B in a one—inch process
pipel ine.
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Relative to the second basic type of DT, the open type of IJ—shaped
trap, studies by IITRI showed that its performance was marginal in that
the section of pipe would not drop away fast enough to prevent further
propagation of the detonation.

During the second part of the program , alternative design studies
were conducted by IITRI. Two new UT designs were recommended and test-
ed with molten TNT. One design, the multi—effect passive trap , subjected
the detonation wave to a right angle directional change, loss of con-
finement, and a reduction of the explosive column size to less than the V

critical diameter. In two tests the detonation was successfully ar-
rested by the trap. The second design embodied the concept of a
self—activating trap in which the detonation wave itself was the
force in inserting a barrier plug into closed position in the pipe—
line. The one test conducted was inconclusive because the plug assembly
became wedged in the housing before it had traveled the full closing
distance.

BENEFITS
The benefits to be derived from this program are concerned solely

with increased plant safety. The accomplishment will provide a sig-
nificant measure of improvement over existing standards. In effect ,
a satisfactory detonation trap represents a major breakthrough in
state—of—the—art safety equipment. This project provides a means
for attaining improved safety conditions in munitions plants.

IMPLEMENTA TION
The results of this project will be implemented in the form of

technical reports for dissemination. The information in these re-
ports will provide a basis for the follow—on project.

MORE INFORMATION

Additional information on this project is available from Mr. A.
Graff , ARRADCOM, AUTOVON 880—3836, or Commercial (210) 328—3836.

Summary Report was prepared by Manufacturing Technology Division, US Army
Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufac tu r i ng  Method s and Technology projec t 574 4134 titled “Develop-
ment of Detonation Traps (UT) for Improved Safety in Munitions Process
Plants” was comple ted by the US Army Armamen t Resea rch and Developmen t
Command in May 1976 at a cos t of $120 ,000.

BACKGROUND

As part of the Army ’s plant modernization program , new continuous
and automated processes were developed for transporting explosives
from one building complex to another . In order to safeguard against
the propagation of an accidental detonation through a p ipel ine , a
plug type detonation trap system PUT—i was conceived in FY72 by
ARRADCOM. During FY73, developmen t and testing of a prototype two
trap (PUT—i) system was accomplished . Results indicated that the
system was effective in sensing and arresting the detonation of com-
position B in a one—inch process pipeline within one millisecond .
However , munitions process plants utilize 2½ inch pipel ines, there-
fore a program to scale—up and refine the PDT—1 was required .

An alternate back—up des~~n study was conducted by IITRI and re-
sulted in two designs. One a multi—effect passive trap which success-
fully arrested detonation waves, and the other a self—activating
trap, which when tested was inconclusive.

The need existed for a UT of the PDT—1 type which could be used
In the larger process pipelines. This program was continued to scale—
up a prototype PDT—i and evaluate its reliability.

SUMMARY
Thi s Is the second year effort of a three year program to develop

detonation traps (DT). The main objective of this effort was to scale—
up the PUT— i developed previously and perform rel iability tests.

The program was composed of two phases. The first phase was a
des ign of the plug assembly. The objectives were to develop optimum
pl ug mo tion per f ormance charac teristics , design a diagnostic “test
fixture”, and verify the subsequent design. The second phase included
the development and testing of the scaled—up prototype DT. The ob-
jectives wer to design and develop a plug and housing to withstand
and arrest the detonation wave.

In the first phase, computer studies for the scale—up UT were
performed to closely imitate the characteristic motion of the PDT—1.
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A parametric study of the influential performance characterisl~ics
was undertaken. From these studies, the following specif ica tions
were des ired : (a) ini tial gas pressure load equal to PUT—I , (b)
an approx ima te 1 msec plug closure time , (c) an extrusion of one
inch or less for the break extension and (d) impact velocity in the
200 ft/sec range. A test fixture was designed with a 2 3/4” plug
to close a 1 3/4” pipeline. A 2 1/2” pipe was red uced in diameter
to 1 3/4 to readily decrease the plug closure response time and the
surround ing pressure and stress environment. - Data from the “fix-
ture” motion studies were used to design the prototype DT. -

Two designs were developed and tested for use in a 2 1/2 inch 
-

pipel ine, one wi’th a 3 1/2 inch diameter plug and the other with a
2 3/4 inch diameter plug (with entering and exiting pipelines reduced
to 1 3/4 inches). The 3 1/2 inch plug design was rejec ted af ter the
housing body failed. The second design tested was composed of a
stainless steel housing, marag ing steel plug and 2 3/4 diameter plug
which f unc tioned successfully in arresting the detonation wave in re-
peated testing. Although the prototype was successful , modifications
and reliability testing would be necessary before final implementa-
tion. A schematic drawing of the 2 3/4 inch pl ug design is shown
in Figure 1.
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Figure 1 — Detonation Trap, 2 3/4 inch plug diameter
with component nomenc lature.

The prototype shown consisted of a stainless steel 347 housing
assembly and a plug assembly fabricated from marag ing steel 250.
Additional features included were the 6061—T4 Aluminum brake exten-
sion, the housing insert and cap top, the Lexan detonator and booster
retainers, and the support ring for the energy package. The shear
pin and the captop screw components were the remaining elements.
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BENEFITS
The benefits to be derived from this program are concerned solely

with increased plant safety. In effect , a satisfactory detonation
trap represents a major breakthrough in state—of— the—art  safety equip—

4 ment. This project provides a means for attaining improved safety
conditions in munitions plants.

IMPLEMENTATION

The results of this project was implemented in the form of tech-
nical reports for general dissemination. The results provided a basis
for a follow—on proj ect.

MORE INFORMATION

Additional information on this project is available from Mr. A. - 
-

Craff , ARVRADC0M~ AV 880—3836, or Commercial (210) 328—3836.

Sumary Report prepared by Manufacturing Technology Division , US Army
Industrial Base Engineering Activity, Rock Island , IL 61299.



MANUFACTURING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology project 575 4134 titled “Develop-
ment of Detonation Traps (DT) for Improved Safety in Munition Process
Plants” was completed by the u S Arm y Armament Research and Develop-
ment Command in November 1977 at a cost of $333,000.

BACKGROUND
The overall purpose of this program was to improve munition plant

safety through the development of detonation traps (UT) which can be
installed in pipelines to halt the propagation of detonation. In FY73 ,
a prototype plug—type DT was developed and tested which arrested the
detonation of molten Composition B in a one—inch process pipeline.
A follow—on effort in FY74 was performed to scale—up the prototype trap
for use in a 2½—inch process pipeline. A prototype DT system was de-
veloped and tested successfully on a pipeline reduced to 1 3/4 inches
at both the entrance to and exit from the trap. However, additional
studies were required to qualify the scaled—up UT system for “duty”
in full scale production plants. This required modifying the det-
onator to make it resistant to electromagnetic radiation and high
temperature environments.

SUMMARY
The primary objective of this follow—on effort wa~ to develop an

exploding bridgewIre detonator which was more resistant to electro-
magnetic radiation and able to function in an environment of 250°F.
This program was accomplished by in—house effort at ARRADCOM and con-
tractual work at Reynolds Industries Inc. and Franklin Institute.

During the in—house monitoring effort of the UT firing circuit ,
the breakwire sensor was found to be sensitive to stray electromag-
netic radiation. A hazards analysis study by the Franklin Institute
confirmed this finding. This led to the development of a coaxial
crush switch, to replace the breakwire sensor, and silicon controlled
rectifier (SCR) switch for the PUT—i trap circuit. The coaxial crush
switch uses the kinetic energy of the exploding pipe and converts it
in to elect r ical energy by use o f a magnet and keeper coil attached to
the pipeline. The electrical energy generated fires the deton-
ators. In order to assure delivery of sufficient current to fire the
detonator it was necessary to use four coaxial cables in parallel due
to large inductances in the line. The coax ial crush switch performed
successfully in sens ing a detonation and firing any EBW detonator con—
tam ing RDX. Hazards analysis studies on the coaxial crush switch
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indicated no hazard in the presence of radio frequency or transient
fields.

For the high temperature (250°F) environmen t studies , the RDX
used in the EBW detonator would not withstand the trap housing temp-
erature for long per iods (one month). Therefore, a two fold approach
was pursued . One involved a design in which the EBW detonator was
positioned outside the trap housing and its energy after firing was
transmit’ed to the booster in the housing by means of a shielded det-
onating cord. Tests with this design were successful with closing
times slightly over one millisecond or about 100 microseconds longer
than the average closing times. This method represented a back—up
app roach if a suitable high temperature resistant EBW detonator was
not attained.

A second approach involved a contract with Reynolds Industries
to develop an EBW detonator capable of functioning in a 250°F en-
vironment. The program resulted in an actuator loaded with hexan—
it roazoben z ine (HNAB ) which functioned successfully a f t e r  26 days
at 250°F.

BENEFITS 
V

The benefits to be derived from this program are concerned solely
with increased plant safety. The accomplishment will provide a sig-
nificant measure of improvement over existing standards. This project
provides a means for attaining improved safety conditions in munitions
plants.

IMPLEMENTATION

The r esults of this project will be implemented in a technical
report for general dissemination.

MORE INFORMATION
Additional information on this project is available from Mr. A.

Craff , ARRADCOM, AV 880—3836, or Commercial (210) 328—3836.

a

Summary Report was prepared by Manufacturing Technology Division, US
Army Industrial Base Engineering Activity, Rock Island ,IL 61299.
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MANUFACTUR ING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology (MM&T) project 570 4162 entitled
“Automated Line for the Melt—Pour Processing of High Explosives” was
completed by the US Army Armament Research and Development Command in
January 1976 at a cost of $496,810.

BACKGROUND
The present melt—pour facilities are antiquated ; require high con— -

centrations of personnel exposed to -large volumes of explosives. This
project was part of a five—year funded effort to alleviate this pro-
blem by designing and testing an automated production line utilizing
improved processes and techniques for melt—pouring explosives.

SUMMARY
The objective of this project was to design and test new or im-

proved processes and techniques for melt—loading high explosives.
This project initiated the design and construction of prototype equip-
ment to be installed in a pilot melt pour facility located at Picatinny
Arsenal. This pilot plant would consist of equipment for explosive
preparation , conveying, melting , mixing, casting, cooling, cast finish-
ing, scrap rework and post cycle heating.

The major thrust of this project was in the area of melting and
scrap rework. In an attempt to design a high rate melter system heat
transfer studies were conducted on a.modified steam jacketed kettle
to determine if an increase in internal heating surface area could
melt explosives on a continuous basis. Results indicated that addi-
tional heat transfer surface area was required . Therefore, investi-
gations into other melters were initiated . 

V

One method of decreasing the processing t ime in any explosive
melter would be to prehea t the explosive. Thus, investigations into
equipment to perform this function was initiated . A convection type
dryer , with air heated by steam coils and forced through a perforated
vibrating conveyor was tested as a preheater and appeared to be the
best approach, see Figure 1. This preheater was used to heat the ex-
plosive from ambient to approximately 125°F.

For the modern melt—pour line, it was deemed desirable to house
the explosive operations in a single story structure. To achieve this
goal, a method of pumping molten explosive had to be developed . A
review of d i f f e ren t type pumps revealed tha t the per is ta l tic  and

I
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STEAM COILS

Figure 1 — Preheating explosives in a convection—type
dryer.

diaphragm tube types had the most potential. Test results indicated
tha t both performed satisfactorily. However, the LAPP diaphragm pump
was selected because it required less maintenance and could sustain
higher pressures.

Design studies were initiated to determine an efficient method of
recycling riser and drill scrap. Experiments conducted using 190°F
water concluded that a hot water spray could melt three times the
explosive three times faster than a hot water bath. A riser melter
pilot system utilizing the hot water spray concept was constructed
and successfully operated on a batch basis.

Efforts initiated in other areas include microwave/dielectric energy
studies , controlled cooling experiments and improved casting methods. An
in—house e f fo r t  was conducted to determine frequency, power requirements
and limiting factors pertinent to the application of microwave/dielectric
energy. The study indicated that the use of microwave/dielectric energy
for melting explosives was possible. This resulted in a contract being
awarded to investigate the complex parameters of this process. Ad-
ditional work in this area will be accomplished in future projects.

An investigation was initiated to determine if multi—zone cooling
would reduce the time required to cool and post cyclic treat large cal-
iber shells. Experiments were conducted to determine the effect cooling
med iums would have on the explosive cast at various temperatures. The
results of these tests were used to develop a controlled cooling test
program in a subsequent funded project.
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BENEFITS
Some specific benefits of this project include: a) design and

development of a preheater b) evaluation and selec tion of an explo-
sive pump c) heat transfer data and d) controlled cooling test
program.

IMPLEMENTATION
Data generated during this phase of the project will be used during

subsequen t phases. Ultimately, data generated through this program
will be app lied to the des ign of fac ilities projects being planned to
upgrade the melt—pour facilities.

MORE INFORMATION
Additional information may be obtained from Mr. Curtis Anderson,

ARRADCOM, AV 880—3162. -

e

Summary Report was prepared by the Manuf actur ing Technology Division , US
Army Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology (MM&T) project 571 4162 entitled
“Automated Line For Melt—Pour Processing of High Explosives” was com-
pleted by the US Army Armament Research and Development Command in
January 1976 at a cost of $1,897 ,256.

BACKGROUND

The present melt—pour facilities are antiquated ; require high con-
centrations of personnel exposed to large volumes of explosives. This
project was part of a five—year funded effort to alleviate this problem
by designing and testing an automated production line utilizing improved
processes and techniques for melt—pouring explosives. FY70 funding of
this effort resulted in a preheater concept, an explosive pump, a con-
trolled cooling test program and data for use in this project and sub—
sequent phases of the program.

SUMMARY

The objective of this project was to design and test new or improved
processes and techniques for melt—loading high explosives. This project
continued the design and construction of prototype equipment to be in-
stalled in a pilot melt—pour facility. This pilot plane will consist of
equipment for explosive preparation. conveying, melting, mix ing, casting,
cooling, cast finishing, scrap rework and post cycle heating.

The major thrust of this proj ect was in the areas of controlled cool-
ing, scrap rework, and cast finishing. Results of previous controlled
cooling studies were used to initiate a test program for the 175MM pro-
jectile. From this program, a two level water cooling procedure was de-
veloped which produced acceptable casts. This procedure consisted of a
six hour conditioning cycle with water temperature of 145°F — 150°F and
a steam coil surrounding the riser. An acceptable procedure for con-
trolled cooling of the 175MM projectile was developed , but because this
round was to be phased out, the study was redirected to the 105MM , 155MM ,
and 8—inch projectiles.

Work on a riser scrap rework system continued under this project.
Layout and installation drawings were completed for the riser melter
system. This system consists of a Corra—Trough conveyor feeding ex-
plosive scrap continuously into the melter. Molten explosive is drawn
off from the melter and poured onto a stainless steel casting belt
where it is reflaked. The explosive/water overflow is recycled to
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4
remove the explosive. This explosive is then recycled to the melter.

Work in the cast finishing area concentrated on funnel and riser
removal experiments. Tests were conducted to determine the force
required to remove the explosive filled funnel from the projectile 4
and eject the riser. Results indicated that tapering the funnel neck
and providing air escapement holes reduces the force required to ex-
trac t the funnel. These findings will be incorporated into a modi-
fied funnel design.

Concept design of the funnel pull and riser ejector machines were
completed . Final design, fabrication, and testing of these machines
will be accomplished under subsequent projects.

This project continued ef for t s  initiated by proj ect 570 4162 in
all phases of the melt—pour system. Additional accomplishments under
this project included placing contracts for prototype equipment and
pilot plant construction, procurement of components for the mixer sys-
tem and initiation of tests on a microwave/dielectric energy melter.
Work in these and all other areas of the melt—pour system will con-
tinue under succeeding projects. 

V

BENEFITS

Successful execution of subsequent phases of this program will
resul t in new equipment , processes and operating procedures for auto-
matic melt—loading of high explosives . Specific benefits of this pro-
ject includes a controlled cooling procedure for the 175MM projectile,
layout, and installation drawings for a riser scrap rework system, a
modified explosive funnel and conceptual drawing~ for funnel pull andriser ej ector machines.

IMPLEMENTATION

Data generated during this phase of the project will be used dur-
ing subsequent phases. Ultimately, data generated through this pro-
gram will result in facilities projects being planned to upgrade the
melt—pour facilities.

MORE INFORMATION

Additiona l information may be obtained from Mr. Curtis Anderson ,
ARRADCOM , AV 880-3162.

Summary Report was prepared by the Manufacturing Technology Division , US
Army Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
- PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology projec t 571 4165 and 573 4165
titled “Prototype Facility for Recovery of HMX from RDX/HMX Admix—
tures” were comple ted by th e US Army Research and 1)evelopment Com-
mand in September 1976. The project costs were $385,000 and $31 ,500
respec t ively for  each of the funded years.

BACKGROUND

Curren t l y HMX is produced by the Bac hmann Process which  involves
the nitration of hexamine. Process parameters are modified to pro-
duce a high concentration of HMX with comparatively little RDX . How-
ever , this results in an expensive product. During the production
of RDX , approximately 10% of HMX is formed as a by—product. There-
fore, the development of a process to efficiently recover a by—product
HMX instead of producing it by the Bachmann Process would lower the
product ion costs of HMX. In the mid 1960’ s , laboratory studies were
conducted to develop a metho d of recovering HNX from RDX/HMX admix—
tures produced by the Bachmann Process. Of the HMX separation meth-
ods cons idered and investigated, a process of p r e f e r en t i a l  RDX growth
in spent acet ic  ac id  of the RDX/H ~D( admixture  f rom the n i t r o lysis
process p roved to be the system most economical and adaptable  to the
manufacturing process .  P r e f e r e n t i a l  RDX growth in spen t ac id  pro-
duced a particle size differential between RDX and HMX adequate for
separation in a liquid cyclone system.

The laboratory work was followed by a pilot plant stud y. This
pilot study again grew kDX and L U-tX in spent ace t ic  acid w i t n  a cry-
stal size r i~t io  ot  RDX to HMX va ry ing from 2 : 1  to 4 : 1 .  The RDX
c r y s t a l  size ranged f r o m  120 to 160 microns  a,id the }-IMX c ry st a l
size ranged f rom 40 to 6t ) m ic rons .  The p ilot s tudy  v e ri f i~ d the
p r a c t i c a l i ty  of s epa ra t i ng  HMX from~ RDX .

SUMMARY
The overall object ive of this projec t was to design , install , and

evaluate a prototype unit for recovery of HMX from the RDX slurries .
The in it ial e f f o r t was to emphasize the development of design criteria
for a prototype unit followed by a hazard s analysis for the entire
operation.

The design criteria included the determination of the size of the
recovery facility. A bench—scale equ ipment layout was designed , fab-
ricated , and installed to prove the feasibility of using a plug flow
cooler—crystallizer to preferentially grow the RDX.

0,,
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Performance tests of the plug flow cooler proved to be unsuccess—
f ull due to plugging at low flow rates. The decision was then made
to design a system around tank c ry s t a l l i z e r s  since they had proven
their ability to preferentiall y ~r’w RDX under previous work. A de-
sign c r i t e r ia was developed fo~ cor:structing and evaluating a 50,000
pound per month prototype recov~±ry facility. The locations for the
facility would be buildings D—~ and E—4 at Holsion AAP . A process
block diagram for the planned HMX recovery (batch) facility is shown
in Fi gure 1.
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Figure 1 — Process Block Diagram of the HMX
Recovery Facility.

A general descri ption for the HMX recovery process in Buildings
D— 5 -and - --4 is as follows :

Simmered RDX slurr y and Chemical 522 (607. Acetic Acid) were re-
ceived at Building 1)—S and mixed in a given ratio in a simmer tank.
The Rl)X slurry and Chemical 522 were heated to 1000C (373°K) in the
simmer tank and cooled at a given rate to preferentially grow the
RDX in the RDX/HMX slurry . ‘FlU cooled , preferentiall y grown RDX
slurry was pumped tI ~~~ Building E—4 feed storage tank. The pre-
ferentially grown Rl)X ‘ l o r r y  was pumped t h r o u g h  t h e  p r i m a r y  c y c l o n e

~i I - ; I I r d t c ) r s  t I  separate the large particles (RDX) from the fines (HMX).
The primary cyclon e u n d e r f l o w  ( R D X — 5 2 2 )  was pumped to B u i l d i n g  E—3
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for norma l production piocessing. The primary cyclone overflow was
heated to 45°C (318°K) and numped throug h the secondary cyclones to
separate the fine material (IIMX) from the Chemical 522. The secondary
cyclone overflow was transferred to an EIMCO tr;~vel ing bel t filter
for washing . The washed HMX slurry was pum~ ‘~ to the C Building for
f u r t h e r  processing . The secondary cyclone e crflow (Chemical 522)
was transferred to a storage tank for recycle to Building D—5 or
t r a n s f e r r e d  to p r i m a r y  d i s t i l l a t i on  for acid recovery operations.

The process design and the equi pmen t to he u t i l i zed  for  the grow-
ing of R1)X and HMX c rys ta l s  in spent ac id w i t h  subsequen t separa t ion
of the HMX from the  RDX/HMX admix tu re  was examined with respect to
the potent ia l  hazards  of each operat ion . Althoug h each operat ion ,
namely, simmering explo sives in spen t acid , utilizing hydrocyclones
to separate differen t size particles, and usin -g a traveling belt fil-
ter to isolate crystalline explosive particles from an ac id med ia
hav e all been perf ormed at HAPP , these operations have never been
used for the separation of the F{MX from RDX/HMX admixtures. There-
fore , a haza rd analysis was required for the entire operation . In
this analysis , the interface between each of the operations as well
as the operations themselves were investigated. Upon completion of
this investigation , it was dec ided tha t the process , as de signed ,
was acceptable.

BENEFITS

A pr ototype facility was designed f or recovering HNX from pro-
duction grade Rl)X at the rate of 50,000 pound s per month. A hazards
analysis was accompl ished on the equipment and operations for the
prototype facility.

IMPLEMENTATION

Completion of th i s  pro jec t  served as the basis for equipment pro-
curement , equi pment installation , and prove out of the prototype re-
covery facility under follow—on projects 574 4165 and 575 4165.

MORE INFORMATION

Addi t iona l  i n fo rma t ion  on this  proj ect is available from Mr. S.
Doliman , ARRADC OM , AV 880—3717 , or Commercial (20 1f  328—3717.

Summary Report  was prepared by Manufac tu r ing  Technology Division, US
Arm y Industrial Base Er.gineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology projects 574 4165 and 575 4165
titled “Prototype Facility for Recovery of HMX from RDX/HMX Admixtures”
were completed by the US P -ty Research and Development Command in June
1978. The project costs wLre $1,198,000 and $495 ,000 respectively for -

each of the funded years.

BACKGR OUND

This effort is the continuation of the development of a process to
recover HMX as a by—product of RDX manufacture instead of by separate
nitration. This new process is expected to lower the production cost
for HMX. Previous laboratory work was conducted by Holston PAP to in-
vestigate several methods for recovering HMX from RDX/HNX admixtures.
The process selected involved the preferential growth of RDX in spent
acetic acid from the RDX nitrolysis process with the separation of the
fine 1-IMX by cycloning. The HMX would be then purified by an extraction
process.

During FY7 1 and FY7 3, the design of the prototype facility was com-
pleted. The design production rate was determined as 50,000 pounds per
month. A hazards analysis was accomplished on the equipment and opera— 

V

tions for the prototype facility.

SUMMARY - 

V

The objective of the FY74 and FY75 effort was to procure equipment
and complete the building modifications and equipment installation.

The equipment needed for preferentially growing RDX over HMX in spent
acetic acid and separating IINX from RDX by means of liquid cyclones was
procured. The equipment included (a) simmer, feed , and hold—up tanks;
(b) ag itator s , 100 RPM and 75 RPM for  the simmer tanks; (c) cyclones,
four 6” cyclones and eight 3” cyclones; and , (d) minor equipment such
as slurry pumps, panel boards, instrumentation and all the manual valves.
Minor modifications were made to the cyclones by Holston PAP.

The production equipment in Buildings D—5 and E—4 was used and/or
modified where possible and new equipment installed. In Building D—5,
four preferential growth (simmer) tanks equipped with constant speed
agitators were installed . The siirmier tanks were equipped with nitrogen
purge lines and ven t condensers leading to a modified scrubber system .
A tank formerly used as a dilution liquor tank was modified to be used
as a Chemical 522 (60% Acetic Acid) feed tank. The second floor of the
build ing was modified to accommodate a slurry receiver tank. A new panel
board was installed to monitor and control various steps of the prefer-
ential growth operation .

6~
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In building E—4 , three former simmer tanks were modified with ag-
i tators and drives for use as cyclone feed and overflow tanks. A new
slurry receiver tank with agitator and drive system was installed . A
480 gallon acid wash tank was installed to provide recirculating acid
wash in the operation of the EIMCO traveling belt filter. The cyclones
together with the overflow and underflow tanks and pumps were installed
along with its control panel and the EIMCO traveling belt filter. -

Installation of equipment and building modifications were completed
in December 1976.

The Standing Operating Procedures for Bldgs. D—5 and E—4 and sampling
plan were approved. The Data Processing Group completed a computer pro-
gram to record samples and perform material balances for the prototype
operation. A training program was conducted for the operators, foreman
and shif t  engineers on operations pertaining to the newly developed HMX
recovery prototype equipment and process.

Each piece of equipment was water tested and calibrated. Testing
and debugging of the pilot plant was to be performed in the follow—on
e f fo r t .

BENEFITS

The installation of a prototype facility for recovering HNX from
production grade RDX was completed .

IMPLEMENTATION

The prototype facility for recovery of HMX from RDX/HMX admixtures
will be operated and debugged in the follow—on efforts of projects
576 4~ 55 and 57T 4165.

MORE INFORMATION

Additional information on this project is available from Mr. S.
Dollman, ARRADCOM , AV 880—3717, or Commercial (201) 328—3717.

Summary Report was prepared by Manufacturing Technology Division, US
Arm y Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology projects 576 4165 and 57T 4165
titled “Prototype Facility for Recovery of HMX from RDX/HMX Admixtures”
were completed by the US Army Research and Development Command in August
1978. The project costs were $475,000 and $400,000 respectively for
each of the funded years.

BACKGROUND

The project is the continuation of the development of a process to
recover HNX as a by—product of RDX manufacture instead of by separate
nitration. This new process is expected to lower the production cost
for HMX. The FY71 and FY73 projects involved the preparation of the
design of a prototype faci l i ty capable of a production rate of 50 , 000
pounds per month. The FY74 and FY75 efforts supported equipment pro—
curement, building modifications, equipment installation, equipment
calibration/chec kout and operator training.

The follow—on efforts were planned to prove—out the operations of
the prototype facility.

SUMMARY

The three primary objectives of these two projects were (a) to op—
erate and debug the prototype facility, (b) perform process parameter
studies , and (c) perform continuous endurance runs. V

Process operations for the HNX recovery prototype facility begar, in
February 1977. Initially the process was operated on three shifts per
da y, seven days/week , averaging one process batch (1 , 700 ibs) per shift.
After familiarizing the operators with the process and proving the relia-
bility of the equipment, process conditions were studied and optimized .
The specific areas studied were: (a) cooling rates to obtain the best
preferential growth , (b) optimizing the operating conditions of the pri-
mary cyclones to provide best separation of lOX from HNX , (c) optimizing
the operating conditions of the secondary cyclones to provide the best
separation of HMX f rom Chemical 522 (60% Acetic Acid) ,  and (d) operating
conditions of the EIMCO travel ing belt f i l ter  for separaPions of BIIX
from Chemical 522 and wash water . The HNX facility was operated until
June 1977. Dur ing the prototype studes , regular operating conditions
were used . Initially one batch was run per shift with three shifts
per day. This was followed by two batches per shift and finally by
eight batches per sh i f t .  A schematic of the recovery process is shown
in Figure 1.
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Figure 1 — Prototype HMX recovery process installed
at Holston PAP.

During this period of time, more than 410,000 lbs (185,900 Kg) of
crude RDX were processed. The puri ty  of the HNX recovered ranged from
60 to 99%. The maximum yields obtained during prove—out was 29%. These
variations in the purity and yields of HMX during the prove—out of the
prototype were much less than what was expected. The success of the
process was based on an expected consistant minimum yield of 40% HNX
with a 98% minimum purity.

It was pr eviously established that in ord er to get a good separation
of the HMX from the RDX, the average particle size of the RDX would have
to be 140—160 microns and the HMX 40—60 microns. If this average par-
ticle size differential was not attained in the preferential growth pro-
cess, the separation would be difficult and the yields of H1IX poor. The
prime difficulty encountered during the prove—out was the variation of
the HMX content in the crude RDX product. The variation of the HIIX in
the crude directly affected the preferential growth of the lOX. There
exists a limiting factor for the separation of different size particles
with a liquid cyclone. In this case a 100 micron differential in the
size of the crystals was essential for a good separation of HMX from
RDX/RMX adm ixtures.

The problem caused by varia t ion of the HIIX conten t in the crude RDX/
HNX , was not observed in pilot plant study. Under the pilot plant con—
ditions , it was possible to select the lOX crude to be used .
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Inadvertently, the HMX conten t of the RDX/HNX crude was kept within
the limits of 10 ÷ 3%.

Al though the prototype process did not perform as required , it did
demonstrate the feasibility of separating the HNX from the crude RDX/}INX
in the following ways: (a) when the crude contained the proper 1*IX
content, the desired yield and purity of HMX was obtained . (b) during
the maximum effort prove—out, the system was able to handle eight runs
per shift, three shifts per day.

BENEFITS

Engineer ing design dat a and processing parameters were obtained
which prov ide a means for recovering HMX from RDX/HMX adinixtures.

IMPLEMENTATION

This MM&T proj ect was sel f implementing. Equipment for the re-
covery of 50,000 pounds per month of HMX from RDX/HMX admixtures was
installed and operated . Recovery efficiencies of 29% were obtained .

MORE INFORMATION

Additional information on this proj ect is available from Mr. S.
Dollman , ARRADCOM , AV 880—3717 , or Commercial (201) 328—3717. A
Fin2l Engineering Report , HDC—42—78 , was completed and published by
Rolston PAP .

Summary Report was prepared by Manufacturing Technology Division, US
Army Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTUR ING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(ACS DRCMT-302)

Manufacturing Methods and Technology project 571 4205 titled “The
Processing of Spent Acid from RDX/HNX Reaction for Recovery of Ex—

~~ plosives and Ac id” was completed by the US Army Armamen t Research
and Developmen t Command in Dec ember 1977 at a cost of $110 ,000.

BACKGROUND

RDX and HMX are manufactured at Holston PAP by suitable adapta—
- 

- tions of the basic Bachmann Process. Hexamine, ammonium , nitric
• acid and acetic anhydride are r eact ed under controlled conditions

in an acetic acid medium to produce lOX or HMX in separate reactor
systems . During nitrolysis and the filter/wash steps large amoun ts
of dilu te acetic acid are generated. These dilute acids are recovered
and reconstituted to glacial acetic acid by evaporative processes in
which a primary distillation process is used to produce a solids
f r ee distillat e and an azeotropic distillation step to reconstitute
the recovered aqueous acid to glacial acetic acid. The primary dis-
tillation process consists of five basic steps, (1) caustic neutral-
ization of nitric acid, (2) acetic acid recovery by evaporation,
(3) conversion of ammonium nitrate to sodium nitrate and residual
explosives , (4) sodium nitrate recovery and (5) ammonia recovery.
The main disadvantages of this process are the high operating costs
associated with step 2 , the high costs for sodium hydroxide in
step 1, and excessive steam consumption.

Therefore , a program was initiated to perform modifications tha t
would reduce neutralization costs or reduce the evaporative load in
the ac id and/or by—product recovery streams which would offer signif-
icant savings in operating and material costs.

SUMMARY

The objectiv e of this proj ect was to identify potential improve-
men t areas in the present acetic acid recovery process and to test
modificatioits which o f fe r  cost or safety advantages over existing
systems . To attain the obj ect ives , various unit operations used in
the acid recovery system were examined with bench—scale equipmen t ,
beg inning with the trea tment of incoming feedstreams to the recovery
of acetic acid and the handling of by—product sludges .

~~ Improvements for reducing both material and steam costs for pro-
cessing spent acid were investigated and are reported in the following.4 paragraphs.
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The acet ic  acid content  was increased from 60% to 80—90% in  the
spent acid in an e f f o r t  to reduce the amount of water which had to be
evaporated . This effort resulted in reducing the evaporative load for
the primary evaporator , increasing the explosive load to the Ac id Re-
covery area , and creating an inbalanc e between dilution liquor gen-
eration and usage rates.

Various neutralizing and causticizing agents were studied in an
eff ort to find a less expensive material to accomplish nitric acid
neutralization and destruc tion of explosives in the spent acid re-
covery process. Of the various alternatives , ammonia was satisfactory
as a neutralizing agent and calcium hydroxide (lime) as a caustic —
izing agent. The use of lime in the neutralization step resulted in
sensitized , recovered explosives because of the presence of sulfate
and s i l i ca te  impur i t i es .  The combination of ammonia as a neutraliz—
ing agen t and calcium hydroxide as a causticizing agent offered cost
advantages relative to using sodium hydroxide.

The use of inorganic salts for partial vapor phase dehydration
of the acetic acid—water distillate from the primary evaporator was
explored . This resulted in the dehydration of acetic acid from 60%
to 90% . Calcium chloride appeared most effective relative to mag-
nesium acetate, calcium acetate , magnesium nitrate and calcium ni-
trate. The technique was not recommended due to salt regeneration
cost or the tendency of the salts to lose water of hydration at
process temperature.

A study of dilution and/or cooling effects offered significant
reductions in the dissolved explosives loads carried in spent acids
frora nitrolysis . Dilution from 60% acid to 30% acid precipitated
approximately 70—75% of the dissolved explosives in lOX acids and
about 60—70% in HMX acids. Dilution of 80% acid to 60% acId removed
up to 50% of the dissolved explo sives. A combination of dilution and
cooling (—10 to +5°C) o f spen t acids preci p itated 75—98% of the initial •

explosives. However , the use of dilution resulted in a significant
amount of water added to the present system which increased the evap—
orative load.

Treatments with activated carbon in fixed beds were tested for
their ability to remove dissolved explosives from spent acids. The
adsorptive capacity of the carbon was higher in dilute (30%) spent
acids tha n in stronger (60%) acids. Based on these results, the
adsorption with carbon should be accomplished after the dilution
step fo r maximum efficiency .

A counter current/liquid—liquid extraction method with n—propyl
acetate was employed to reduce the evaporative load caused by the use
of dilution. This method produced an extract containing about 96%
of the available acetic acid in the feed—stream with 4—14% water ,
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and a raff inate  containing relative small amounts of solvent and acid.
A majo r disadvan tage of this process was the distribution of essentially
all of the explosives and traces of sodium and ammoniurn nitrate (about
80 to 160 ppm) in the solvent—rich phase (extract) .  Additional treat-
ment of the extract would be necessary to remove the explosives and
residual nitrates to acceptable levels before distillation of the stream
to produce glacial acetic acid.

As an operation for treatment of primary sludge the liquid—liquid
extraction using n—propyl acetate was effective in recovering about
100% of RDX and HMX with a solvent to sludge ratio of 0.6 to 1 and
three equilibrium stages. Concentration of 80 to 160 ppm of ammonium
ni t ra te  and sodium nitrate were found in the extract.

a
Based on the results obtained during the laboratory phase, the

number of processing steps involved and the inter—dependency of the
steps , additional laboratory work was required to further develop and
optimize the final process before proceed ing to a pilot scale. The
approach was to evaluate the most promising results obtained previously
on a bench—scale B—line approximating conditions found during production.
The equipment was designed and fabricated by Holston APP and installed
by October 1974 . Several runs were completed establishing baseline
conditions and data for neutral ization experiments with ammonia and
lime . This portion of the proj ect was not completed because of term-
ina t ion of the e f for t  by ARRADCOM.

BENEFITS
The results of this proj ect find application in the spent acid re-

covery area at Holeton AAP. However, proven cost reductions cannot be
made until process changes are implemented into production operations.

IMPLEMENTATION

None of the aforement ioned process changes have been recommended for
implementation into production operations because the disadvantages out-
weigh the advantages in all case8.

MORE INFORMATION

Additional information on this project is available from Mr. L.
Sot sky , ARRADCOM , AV 880—2160 , or Commercial (201) 328—2160.

Summary Report was prepared by the Manufacturing Technology Division ,
US Army Industrial Base Engineering Activity,  Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology project 574 4205 titled “The Pro-
cessing of Spent Acid from RDX/HMX Reaction for Recovery of Explosives
and Acid” was completed by the US Army Armament Research and Develop-
ment Command in June 1978 at a co st of $70,000.

BACKGROUND
During the manufacture of RDX and HMX at Holston AAP, large amounts

of dilute (spent) acetic acid are produced. These spent acids containing
RDX and HNX both suspended and dissolved are pumped to the primary
distillation area , B line where the acetic acid is recovered . Since the
spent acid contains RDX/HNX , the B line buildings are considered as
explosive hazard buildings. Based on quantity—distance regulations, the
load limit for a B line building is 5,000 pounds, Class 7 explosives.
Studies indicated , however, that up to 22,000 pounds of Class 7 explo-
sives were accumulating in B line building prior to a scheduled clean—
ou t.

Based on this information , a proj ect was initiated to plan to re-
duce the load limit from 15,000 pounds (waiver request) to 5,000
pounds per building.

SUMMARY
The objective of this effort was to minimize explosive precipi-

tation in the feed tank to the primary evaporator when recovering
RDX , HNX and acetic acid from spent acid. It was determined that
heating of the solution in the feed tank was the best metho d for
eliminating the settling of explosives. By heating the contents
of the feed tank, the suspended explosives would dissolve into
solution.

The plan was to install a heating and circulating loop (external
hea t exchanger) on the primary evaporator ’s feed tank. It was deter-
mined that  steam condensate from the evaporator and reactors in the
same building would serve as a heat source for this external heat
exchanger. Figure 1 depicts the basic arrangement of the equipment.

The operation of the tank hea t ing system was initiated in Feb-
ruary 1977. The primary control parameter was the heat exchanger
inlet temperature. During normal operation , this temperature was
varied between 100—120 °F. The range was a function of the change
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Figure 1 — Schematic of flow streams entering and leaving
the feed tank for the primary evaporator.

in the level in Tank 16. As cooler material was transferred from the
receiver tanks , the t emperatu r e of Tank 16 dropped. Following the com-
pletion of the transfer, the temperature would rise until either the
next transfer was begun or until heat losses from the tank equalled
the heat input. If the temperature of the tank rose significantly
above 120°F (during warm weather), the spen t ac id in the tank would
begin to evaporate. When this occurred , some steam condensate was
diver ted , bypassing the heating system.

The system operated successfully for one year with no significant
down time. Scheduled inspections of the primary fe ed tank indicated• no explosives precipitation.

BENEFITS

As a result of this proj ect the explosives load limit of B—line
a t Holston AAP was r educed to 5, 000 pounds. Added benefits include
a steam cost savings of $11 ,000/year since the heat from the steam
condensate is now recovered in the form of preheated feed . In ad-
dition, the use of hot feed in the feed lines has prevented the
buildup of crystallized RDX on the pipe walls thereby eliminating
the need for  per iodic cleaning.
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IMPLEMENTATION

The use of an external  heat exchanger on the primary evaporator
feed tank has remained a permanent installation at Holston AAP . As
inact ive  spen t acid recovery bui ldings  at Holston AAP are re turned
to operat ing s t a tu s , similar heating systems will be installed to
min imize  explosives prec ip i ta t ion.

MORE INFORMATION j
Addit ional  informat ion  on this project  is available from Mr. L.

Sotsky, ARRADCOM , AV 880—2160, or Commercial (210) 328—2160.

Summary Report was prepared by Manufacturing Technology Division , US Army
Indust rial Base Engineering Activity,  Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufac tu r ing  Methods and Technology Projec t  No. 573 4245 , “Developmen t
of a Deluge System to Extinguish Fires Following Accidental Detonation
on Conveyor Handling Bulk HE ” was completed on February 29 , 1976 at a
cost of $175 ,000. The Southwest Research Institute at San Antonio ,

t Texas carried out the work for ARRCOM.

BACKGROUND
Previous test resul ts  of conveyor separa tion distance requirements

for 55 lb TNT boxes showed that detonations were propagated at dis-
tances of 8 feet or less. Burning of adjacent boxes , however , occurred
at distances up to 16 feet. In order to meet production requirements ,
a separation distance of 12 feet  was recommended. At this  separation
distance (12 feet), there is a safety requirement for a deluge system
to extinguish fires resulting from a detonation . Prior to this pro-
jec t, ther e was no known sy stem tha t would rema in operable follow ing
exposure to detonation of a 50—60 lb box of HE on a conveyor.

SUMMARY

A program was conduc ted by the Southwes t Research Institu te to des ign
and experimen tally tes t a rap id response water deluge system. A proto-
type del uge sys tem has been developed tha t can sustain a hi gh—order
detonation from 60 lbs of Composition B and remain operable. The
system will also provide an effective means of extinguishing a fire
following an accidental explosion.

The p lanned sys tem has the water lines encased in reinforced concrete
at or below ground level. The water supply would be from the plant
systems , normally at or about 50 psig. A signal from the detec tors
would open an explosive deluge valve, and since the downstream piping
would already be full of water, flow would be established very rapidly.

Earlier tests indicated that the optimum design for water delivery
at maximum stream range would be a solid stream nozzle. Further tests
using three of these nozzles indicated that the optimum pressure head
was between 15 to 25 psi g. At this pressure level , a coarse drople t
sp ray over a reasonable range and area coverage was produced .
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4
The basic elements of the p ro to type  system design are i l lus t ra ted  in a

Figure 1: (1) a UV detect ion system wi th  fail safe control circuitry ,
(2) fast reaction explosive valving , (3) a blast resistant water suppl y
line, (4) straight stream water del ivery nozzles, (5) valving and
plumbing  to a l low operational  proof tes t ing  of the system , (6)  excess
flow valves, and (7) sufficien t flexibility of design to enable zoning
opera t ions .
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Fi gure 1 — Basic elements of the water deluge
pro to type  system.

BENEFITS
The benefits to be derived from this program are Increased plant

safety and reduction of loss or production capability foiJowing an
accidental detonation of bulk HE on a conveyor. This project will be
usef ul to all opera tions using explosive ma terials which would be
t ranspor ted  on conveyors.

IMPLEMENTATION
This work is being continued in a follow—on project 575 4245. An

evaluation of a full—scale prototype deluge system for effec t iveness
and r el iabil i ty in extinguishing a fire following a detonation will
be performed . Par t icula r emphasis will be placed upon op t imiz ing
the system through design siiuplicity and inexpensive componen t parts.
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MORE INFORMATION
Additional information may be ob tained f~ om Richard Rinder , AV

880—3828 or (201) 328—3828. Technical Report TR 4889 covering the
results of this e f f o r t  was completed , reviewed and published (August
1975).

Summary Report was prepared by Manufacturing Technology Division , US Army
Industrial  Base Eng ineering Act iv i ty ,  Rock Island , IL 61299
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufactur ing Methods and Technology project  575 4247 t i t l ed  “Use of
Crude RDX in Composi tion B” was completed by the US Army Armament
Research and Developmen t Command in February 1977 at a cost of $200 ,000 .

BACKGROUND
Curren tly,  crude RDX is recrys tallized from cyclohexanone in order V

to remove occluded acid , and to obtain the required particle size distri— ¶
bution. The recrystallized RDX is incorporated with TNT in a 3:2 ratio
to produce Composition B. The particle size of the RDX is retained during
this incorporation phase. The purpose of the projec t was to de termine
whe ther the crude RDX ob tained by crystallization f r om spen t acid could
be used directly for incorporation into Composition B without adverse
e f f ec ts on the prod uct loading characteristics and the compa tibility of
the Composition B in the loaded item. Implementation of this modif ied
manufac turing me thod of crude RDX would result in significan t cost savings
by eliminating the recrystal l izat ion operation , one of the most time
consuming operations in the Composition B manufacturing process.

SUMMARY

The original obj ec tive was to develop a process for crys tall iz ing
crude RDX using different simmering techniques and acid concentrations .
However , because of a change in management prio rities , the objec tive
of this project was changed to developing a process fo’: producing
Composition B using RDX t ha t  was recrystall ized from spent acid.

The fol lowing is a general descript ion of the procedures used
to manufacture crude RDX at Noiston PAP. The simmer tanks in two
nitrolysis buildings were used for the crystallization operations .
Af ter distributing the RDX slurry among the simmer tanks, weak
ac et ic ac id was transf err ed from the f i l te r/wash  bui ld ing and
added to each simmer tank to ob tain a 3:1 weight ratio of acid
to RDX slurry. After adding the acid , the mixture was heated to
100°C, held for 30 minutes, then cooled to 30°C using intermittant
heating and cooling cycles. When the batches reached 30°C, samples
were taken to be filtered , washed , dr ied , and incorporated to pro-
duce Composition B. If the trial incorporations produced Composition
B meeting viscosity specifications , the batch was transferred to the
filter/wash building. The produc t was then filtered and washed twice
with water to remove the excess acetic acid. After this operation ,
the RDX was t reated as a normal product ion run. Figure 1 shows a
flow diagram of the normal and modified pro cesses used to manu fac ture
Composition B.
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Figure 1 — Flow diagram for production of Composition B.

Hois ton AAP facil ities produced six ba tches of RDX crys tall ized from
spent acid medium . The acid crystal l izat ion provided RDX crys tals
tha t met the par ticle size dis tributions as specified for nominal
Class I RDX. However the acid content which usually exceeded 0.2% by
weight did not meet the specified value of 0.02% by weight. The acid—
crys tallized RDX was incorpora ted into Compos ition B using Hols ton
AAP production facilities and was referred to as Comp B/PA.

Comp B/PA and the crystal l ized RDX were subjected to specification and
laboratory tests including composition analysis, viscosity, f r iction
pend ulum , impact sensitivity, electrostatic sensitivity , large scale gap
and de tona tion ra te by ARRADCOM. The results of these tests indicated
no significant difference between Comp B/PA and standard Composition B.

• However , vacuum stability tests at 120°C for crystallized RDX and Comp
B/PA exh ibi ted more than twice the gas evolut ion as èompared to the
standard materials.

The Comp B/AA was loaded into 105mm , HE Ml Projectiles and storage
tests were begun at Iowa AM’. The normal loading temperature 173°F to
178°F, could no t be employed since it resul ted in numerous voids for
all charges. Acceptable casts were produced by increasing the temp-
erature to 182°F — 189°F and increa sing the agitator speed.
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BENEFITS
The process of crystallizing ROX from spent acid and directly incor-

porating it into a new Composition B which met viscosity requirements
was accomplished. However, the development of an economical large
scale process for manufacturing production scale quantities of spent
acid crystallized RDX for incorporation into Composition B is doubt-
ful , since the cost would be at least twice as much as the current
solvent recrystallization process. A contributing factor to this
high cost is the volume of spent acid required. This cost factor
makes the acid , crystallization process unattractive.

IMPLEMENTATION
Before the new composition B would be utilized for end items, a

costly test program would be required to satisfy the user tha t the
performance of the new Comp B was equivalent to that of the standard
Comp B. ARRADCOM has therefore decided that the process of the use
of recrystallized RDX from spent acid and subsequent incorporation
into composition B will not be implemented into production.

MORE INFORMATION -

Additional information on this project is available from Mr. S.
Doilman, ARRADCOM, Autovon 880—3717, or Commercial (201) 328—3717.

t

Summary Report was prepared by Manufacturing Technology Division, US Army
Industrial Base Engineering Activity, Rock Island , IL 61299.

80



MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology project 574 4249 and 575 4249
entitled “Separation of Fine Explosives from Spent Acid and/or Water
Slurries” was completed by the US Army Armament Research and Development
Command in May 1977 at a total cost of $163,000.

BACKGROUND

One of the maj or bottlenecks at Hoiston PAP in the manufacture of
HNX explosive compositions has been the washing and filtering of the
fine particle distributions. The present method (Figure 1) of separating
of f ine explosives f rom spen t acid or water slurries is a very inefficient
batch method which requires approximately 16 to 20 hours for each 1,000
pound batch. This is a major limiting factor inherent in the production
of HMX.

Figure 1 — Schematic Flowsheet of Existing Process for
Separation of Fine Explosives from Spent
Acid or Water Slurries .
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SUMMARY
The purpose of the program was to develop improved methods for

separating fine HMX and RDX from spent acid/water slurries and to
double the amount of fine HMX and RDX recovered as compared to the
present rate. Emphasis was placed on recovery of fine HMX since
this represented the most demanding processing conditions. It was
assumed that improved recovery of fine RDX required only adaptation
of existing traveling belt filter technology.

Previous stud ies showed that water slurries of f ine HMX or RDX
and ac id slurries of RDX could be eff iciently and safely filtered
using a horizontal traveling belt filter. Pilot plant tests using
the 1 x 12 foo t pilot Eimco Extractor demonstrated excellent
fil tra tion and displacement washing of crude HMX slurries in the
temperature range of 260 to 54°C. Several problems were encountered ,
however , such as excessive cloth blinding, low HMX purity, and
deterioration of the elastomer support belt at process temperatures.
HMX puri ty is normally maintained by removal of the RDX in the liquid
phase by filtration at or above the average saturation temperature of
55°C. Chemical resistance tests of the best available elastomers
for the support belt indicated that none were suitable for use at
these temperatures. Continuing analysis of the crude HNX filtration
problem indicated a requirement for filtration equipment capable of
filtering crude HMX/acid slurries at temperatures ranging from 550 to
80°C. Various methods of separating fine solid s from liquids were
surveyed for effic iency and safety with respect to explosives pro-
cessing. The most promising techniques and equipment were evaluated
on a laboratory scale.

Several separation techniques were tested and rejected for various
reasons. Counter—current leaching was examined and rejected because
high local velocity turbulance and thermally induced eddy currents re-
sulted in excessive fines carryover and little or no HNX separations.
A dense phase extraction method achieved little or no separation since
the solids tended to form an intermediate phase at’ the liquid inter-
face without entering the dense phase. A visual evaluation of a slit
bowl centrifuge indicated that the internal construction , such as metal
to metal contacts, unacceptable welds and blind crevices, did not meet
the safe ty standards necessary for HMX processing. Hydrocyclones were
conside red as a possible substitution for centrifuges , however , they
were unsatisfactory in operation because of low centrifugal force fields
which resulted in excessive loss of fine material . A combination of
an inertial filter and hydrocyclone was considered but was rejected
because of excessive pumping costs and the need for an additional
final fil or for the HMX underflow slurry. Bulk flotation was eval-
uated and found unacceptable because of low separation efficiency
and high equipment costs. 

V

A detailed anaV..ysls of the aforementioned techniques with respect
to safety, economy and reliability indicated that the use of a hor— *

izontal travel ing belt filter was the preferred method of recovering
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fine HNX and RDX from water or acid slurries.

An equipment survey was then made to locate a horizontal belt fil-
ter that did not require a rubber drainage belt. This led to the con-
sideration of the Bird—Pannevis filter which had been used in Europe
for several years to filter many diverse products. Laboratory tests,
observations of operating Bird—Pannevis filters, and prior experience
indicated that this type of filter should be successful for filtering
fine HMX. A design criteria for  this type of filter was completed and
future year efforts were planned which would procure and install this
fi l ter equipment for evaluation.

BENEFITS

An analysis of various separa tion techniques resulted in the con-
clusion that the Bird—Pannevis horizontal filter was the preferred
method for recovering fine HNX and RDX from water or acid slurries.

IMPLEMENTATION
Follow—on projects for FY7T and FY76 were planned for the pro-

curement, installation and evaluation of the Bird—Panne’vis Filter.

MORE INFORMATION
Additional information on this project is available from Mr. S.

Dollman, ARRADCOM, AV 880—3717, or Commercial (210) 328—3717.

‘I

Summary Report was prepared by Manufacturing Technology Division, US
Army Industrial Base Eng ineering Ac t ivity, Roc k Island, IL 61299.
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MANUFACTUR ING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-3Q2)

Manufacturing Methods and Technology project 575 4267 titled “Con-
tinuous Process for Granular Composition B” was completed by the US
Army Armament Research and Development Command in February 1977 at a
COSt of $80,000.

BACKGROUND
Granular Composition B has been designated at an alternate fill

for Composition A—5 for use is munitions. The present process for
making granular Composition B is the batch water slurry process.
Composition B is melted in a water slurry and using vigorous agi-
tation, cooled below the solidification temperature of TNT and wax
to effect granulation. The slurry is then filtered and the granular
Composition B dried to a product in prilled form. The main disadvan-
tages associated with this batch granulation process are the limited
regulation and control available to change granulation size, particle
distribution, cooling and agitation rates, and throughput capacity.

SUMMARY

The objective of this project was to develop a continuous method
for  producing granular Composition B with more efficient control of
process parameters , granulation and bulk density.

A labora tory investigation was conducted by Hoiston PAP on var-
ious methods of producing granular Composition B. These methods
included spray drying, coating pan, extruding, continuous water
slurry , and prilling.

Spray drying techniques were found to be unsuitable because the
granule size obtained was too small relative to specification re-
quirements.

Coating pan techniques involved gradual cooling of molten Compo-
sition B to below the solidification temperatures in a rotating drum.
Problems included lack of granulation control and sticking of the pro—
duc t to the coating pan.

In the extrusion process , molten Composition B just above the
melting po int was forced through a small orifice. The strands or
threads formed were then broken into granules. Solidifying and plug-
ging of the extrusion orifices made the process unsuccessful.
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The continuous water slurry process required separate feeds of
RDX , TNT , wax and recycled red water to a cascading tank system . TNT
and wax were kept molten (900C) in the first tank, this molten slurry
flowed to the second tank ( 75°C). Composition B solidified and formed
granules in the second tank while being agitated . The slurry then
flowed to the third tank where it was cooled to 7 0°C. The sLurry was
then filtered and dried in Jetzone driers. This process had the dis-
advantage of limited throughput capacity.

Prilling or spray congealing involved feeding molten Composition B
through an orifice , atomized by jets of air , and allowing it to fall
through a cylindrical tower against a countercurrent flow of air to
solidify the domposition B into prills or granules .

As a reslut of the preceding laboratory studies, the prilling
metho d was determined to be the best method for producing large
quantities of granular Composition B. A prilling tower was con-
structed at the pilot plant (Figure 1).

lfn !t.n Co.p B (85 °C)

I / f ” 
“~1~j J ]

, r (f tr . (es’c) AT~~~~~~~~~__ .Aj r -
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ey i in d.r .
Qi.ret.t — 12½
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ftn1~ h, - 26 ( 7 . 3 1 5  ,n)

Figure 1 — Laboratory Prilling V

Tower for Granular
_____ Composition B.

Air Ai r

FLb .r
Dr.

The tower , composed of four fiber cylinders, was 12—1/2 inches in di-
ameter and 24 feet high. The melt vessel and drop pot at the top of
the tower was steam heated to 85°C. ?~blten Composition B was fed to
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the drop pot to maintain a 0.5—inch melt head, and was discharged
through a 0.125—inch orifice into the top of the tower. The stream
of Composition B was atomized by jets of air and cooled by falling
through a counter current flow of air to produce prills of Compo-
sition B.

Scale up of the prilling process was then contracted to Niro
Atomizer Inc., since there was a lack of adequate test facilities
at Holston PAP. Since the contractor did not have explosive type
facilities, an “inert Composition B” was used for the tests. Dur-
ing the tests , two types of atomizers were evaluated, the centrifugal
wheel and hydraulic nozzle. Results from these tests indicate—~ that
the hydraulic spray nozzle was more successful in producing the part-
icle size of granular Composition B desired than the centrifugal wheel.
As part of the contract effort, Niro Atomizer prepared a design based
on the hydraulic atomizer which was modified after being reviewed at
Holston AAP. Several areas of the process identified as potential
hazards will be evaluated by a hazards analysis in the follow—on
effort.

BENEFITS

A pr illing process fo r the production of granular Composition B
was selected as a candidate for further evaluation. The successful
completion of this development will improve the throughput, lower
operating costs, and increase the capacity for producing granular
Composition B.

IMPLEMENTATION

A technical report contain ing data and a preliminary design was
prepared. Information obtained under this proj ect will be utilized
in the follow—on e f for t .

MORE INFORMATION

Additional information in this project is available from Mr. L.
Sotsky, A RRADCOM , AV 880—2160, or Commercial (201 ) 328—2160.

V Summary report was prepared by Manufacturing Technology Division , US
Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTUR ING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology (MM&T) project 576 4284 entitled
“Programmable Fluidic Control System for LAP Machinery” was completed
by the US Army Armament Research and Development Command in June 1977
at a cost of $160,000.

BACKGROUND

The most suitable presently available control media for use in
simple loading, assembling & packag ing (LAP ) equipment is moving pa rt
logic pneumatic systems and fluidic logic systems. Well designed
log ic componen ts of ei ther of these types are very reliable and
inheren tly safe in explosion hazard environments. However , these
systems become very cumbersome if more than 50 to 75 logic elements
are required. For more complex control systems, the mos t suitable
presently available is electronics in the form of programmable con-
trollers and minicomputers. They are reliable and easy to maintain ,
however , they are expensive and represen t an explosion hazard if not
properly packaged . This project was funded for the development of
a f luidic programmable con troller tha t controls sys tems comprised
of 20 to 500 logic elemen ts, more e f f i c iently than any available
control technique, and without explosion hazards. Project work was
accomplished by in—house work at Picatinny Arsenal and by contractual
work by EMX Eng ineering Inc., Cedar Grove , NJ. 

V

SUMMARY
The purpose of this project was to investigate and develop fluidic

control systems that are capable of being applied to a wide range of
LAP equipment. A portion of this investiga tion included the collection ,
ca tegor iza tion and compar ison of sensing hardware tha t is available
and app licable to the Army ’s Plant Modernization Program.

Engineering efforts were directed toward the evaluation of
available fluidic system s and components. The data would be used to
prepare specifications prior to contract awards of prototype systems
in the future. The contractor designed and fabricated a display panel
for the purpose of demonstra ting a represen ta tive sample of sensors
available on the market today and also to show their advantages and
disadvantages. The entire display system is self—contained (See
Figure 1). The system was demonstrated to show that this type control
can be applied to LAP production lines. It was operated under con-
ditions closely resembling a production environment.
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Figure 1 — Sensor display control panel with lid off.

BENEFITS
The project did not directly result in cost savings in that the

control system developed was only for demonstration purposes and was
not to be directly applied to the production line. Adaptation of the
fluidic controller would result in better maintainability, more
flexible control syrtem s and improved adaptability for  computer control.
The display panel demonstrated some of the sensors that are readily
available. The Sensors & Controls Handbook provides a reference for
the selection of available sensors and controls together with the
manufacturers.

IMPLEMENTATION

This information was compiled into a document entitled , “Sensors &
Controls Handbook”, and can be used to assist engineers in the proper
selection of control hardware. The Sensors & Controls Handbook was
distributed to ammunition load plants and other interested personnel.
The display panel is at ARRADCOM for demonstration purposes . Final
reports have been distributed to other government installations and
demonstrations have been given for personnel from FM, PBM&E.
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MORE INFORMATION

Additional information on this project is available from S. Bernhardt ,
ARRADCOM , Dover , NJ , (201) 328—6507 or AUTOVON 880—6507. A Technical
Report  ARL CD— TR—78034 entitled “A Guide to Sensor Selection ” dated
September 1978, At tn : DRDAR—TSS , Dover , NJ is also available.

Summary Report was prepared by the Manufaèturing Technology Division,
US Army Industrial Base Engineering Activity , Rock Island, IL 61299

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

4

Manufacturing Methods and Technology Proj ects 574 6551 and 575 6551
entitled “Improved Methods for Spherical Propellant Manufacture” were
completed on December 15, 1977 for ARRADCOM at costs of $235,000 and
$231 , 000 respectively.

BACKGROUND
A major operation in the manufacture of ball propellant is the

ac tual forma tion of the spherical particle. This is currently done by
means of a batch agitator—induced breakup of a large irregular lacquer
suspended in a solvent—aqueous medium. The best yield achieved for
usable par t ic le  sizes has been less than 60% of the feed . Future
moderniza tion plans and mobilization requirements suggest exp lora tion
of improved sphere—formation methods to minim~ -’e or eliminate this in-
efficiency .

Two widel y d i f fe ren t “shock” processes were selected for study. These
are ( 1) Shock—Gel and (2) Shock—Nitration. The Shock—Gel approach uses
previously prepared nitrocellulose (NC) and a solvent but Shock—Nitration
starts with cellulose and nitric acid (HNO 3).

SUMMARY
Shock—Gel

Brief ly ,  the Shock—Gel process consists of dissolving f ibrous n i t r o —
cellulose in a water soluble solvent to form a syrup. The syrup is then
forced through a multi—perforated plate to form streams which break up
in to spherical droplets and fall into a gelling bath. There the NC pre-
cipitates out of solution and forms a spherical membrane with the s’. r~ p
trapped inside. When the gels are dried , they shrink irreversibl y into
dense balls of hard , horny NC.

Four NC—solvent, Shock—Gel systems have been studied :

a) 12.6% NItrogen (N) diethylene glycol (DFX’~)
b) 13.15% N (by blending) DEG/diethylene glycol mon6-~ ,

ether (MEC)
c) 13.15% N (directly nitrated) DEG/MEC
d) 13.4% N MEC

The 13.4% N MEC System was found to be superior. A pre1insin~
sheet for a continuous Shock—Gal process is shown in Figure
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Figure 1 — A schematic for the continuous Shock—Gel process.

The proj ect studies have proved that Shock—Gel is a feasible pro-
cessing technique. In fact , it appears to be the most economical al-
ternative to the present system at the moment. However, it does still
require a ballistic—tailoring program to make a reproducibly acceptable
product. An advantage of the process is that it is unlimited with re-
spect to particle size. It is literally possible to produce a range
of sizes from angstroms to millimeters in diameter.

Shock—Nitration

Since it is so different, Shock—Nitration represents a rather rad-
ical departure in small arms propellant processing technology. It con-
sists of mixing white fuming nitric acid (WFNA) and a slurry of cellu-
lose in 75—857. HNO3 at a controlled rate and temperature. As the two
components mix, a solution of Nitrocellulose in Nitric Acid of the de-
sired initial acid concentration is formed. The nitrocellulose is re-
covered by f irst forc ing the solution through orif ices in a “streaming”
head. The resultant droplets fall into a gelling bath where the nitro—
cellulose precipitates out. Figure 2 shows the good sphericity obtain—
able from this process.

Shock—Nitration studies advanced to the point where a continuous
process was designed and set up. Only two continuous gel nitrations
could be conducted with available funding. The basic mechanism by
which fluctuating nitration levels occur is not fully understood but
continuous gel nitration is definitely possible. Nitrocellulose with

I.
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Figure 2 — Dry NC, Gel nitrated, 12.5N (20X)

a degree of nitration of at least 13.39% N Is achievable. Further, a
sufficiently high degree of polymerization is obtainable which is suit-
able for gun propellant application. With further development, it
should prove capable of producing a uniform, highly nitrated product.

BENEFITS

In a sense, the projects were successfully completed. If grass
roots facilities were needed to meet expanded small caliber propellant
requirement, both of the continuous “shock” processes investigated ,
especially Shock—Gel, would be competitive with the existing batch
process. However, some additional development would be required for
each one.

IMPLEMENTATION

There appears to be no ismediate need for add itional small caliber
propellant facilites. An economic analysis showed that the least cx-
pensive alternative, at the moment, would be to retain the existing pro-
cess at Badger virtually intact. Hence, there is no plan for implemen-
tation in terms of facilities at present.

MORE INFORMAtION

Additional informat ion on this.project is available from Messrs.
Joel M. Goldman and Robert M. Pizzola , AV 880—4615.

St~~~ary Report was prepared by Manufacturing Technology Division , US
Army Industrial Base Engineering Activity, Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology projects 373 3044 and 374 3044,
titled “Production Methods for High Temperature Sol id Propellant Motor
Nozzles” were completed by the US Army Missile Command in July 1976 at
a cost of $281,000.

BACKGROUND
Current solid propellant rocket nozzles are multi—component structures

joined together by various techniques. Research in advanced refractory
materials has resulted in the possibility of using one—piece nozzles.
The advantage of one—piece nozzles are lower production times and cost
because of the reduced number of machining operations. The object of
the project was to make available the processing techniques for one—
piece solid propellant rocket nozzles. Operating conditions that the
nozzles must withstand are a maximum combustion tempLrature of 6,000°F,
a motor operating pressure of 2,000 p.s.i., and a nozzle flow rate of
100 lb/sec., all for a period of 20 seconds .

SUMMARY
Phase I of the proj ect developed the manufacturing techniques and

testing for prototype nozzles. One carbon—phenolic and two carbon-carbon
nozzles were fabricated and tested in sub—scale firings.

Two fabrication techniques were developed for the carbon—carbon noz-
zles: chemical vapor deposition (CVD) and resin cloth densification. The
carbon—carbon nozzle with the resin densified cloth was found to be supe-
rior to the CVD carbon—carbon nozzle.

The densification method begins with a base material of graphite
cloth prepeg resin. The layup pattern was in a radial—circumferential
plane to reduce interlaminar cracking. After the iayup , the resi~i under-
went a pressure cure at 300 — 400°F. The density is increased by suc-
cessive carbonization and resin impregnation cycles. The first cycle
is the most critical because rapid expansion and shrinking can damage
the nozzle. Gases evolved must escape without causing damage. The
final cycle results in a density greater than 1.45 g/cin3 and a final
resin impregnation that is not carbonized.

9’
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The CVD method (Figure 1) deposits a carbon matrix in the carbonized
felt by thermal decomposition of a hydrocarbon gas.

kj V ~2 & CARRIER GAG

CARBONIZED
FELT

~~~~~~~~~~~~~~~~~~~~ SUBSTRATh

INDI.~ TION
- COIL.~

-JACKET

-GLEE VE

~ s~scE ProR

EYDROCARBON ,.... A.
__

CARRThR
GAS (cs ) GAS

Figure 1 — Chemical Vapor Deposition is a contin—
uous method for densifying carbon—
carbon rocket nozzles.

A temperature gradient formed by inductive heating induces initial
deposition on the inner surface. This is a continuous process with
deposition steadily progressing outward as the densified substrate
becomes inductively heated.

Phase II of the proj ect was the development and testing of two full
scale carbon—carbon nozzles made by resin cloth densification. One of
the nozzles is shown in Figure 2.

J~

Figure 2 — Full scale carbon—carbon nozzle made by
resin cloth densification.
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During the initial carbonization cycle, both nozzles developed in—
terlaminar cracks. These cracks filled somewhat during subsequent den—
sification cycles. The full scale nozzles underwent a graphitization at
5,000°F after the final resin impregnation. After machining, X—rays de-
tected cracks in one nozzle and cracks were visible to the naked eye in
the second.

A full scale test was conducted in December 1975. The nozzle was
able to withstand a severe motor environment with an acceptable erosion
rate. Cracks occurred in the aft end section and some material was
ejected f rom the exit cone.

The work was accomplished with in—house work by the U.S. Army Missle
Command and contractural work by Hercules, Inc.

BENEF!TS

Development of a one—piece solid propellant nozzle has rEsulted in
ar’ increase in knowledge in the production areas of suitable materials,
layup methods , densification and graphitization.

IMPLEM ENTATION

Copies o f the final report have been distributed to the appropriate
missile system projec t managers. This information has been made avail-
able to tne Defense Advanced Research Project Agency Support Office, the
Advanced Missile Systems Concepts Office, and the Defense Documentation
Center.

MORE INFORMATION
Additional information on this project is available from Mr. William

S. Crownover, US Army Missile Command, AUTOVON 746—5821 or (205)876—5821.

Suninary Report was prepared by Manufacturing Technology Division , US Army
Industrial Base Engineering Activity,  Rock Island , IL 61299.
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MANUFACTURING MEtHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT

(RCS DRCMT-302)

Manufacturing Methods and Technology project 573 4906 entitled “Effect
of Varying Processing Parameters in the Fabrication of Adhesives Bonded
Structures” was completed by Picat inny Arsenal in June 1976 at a cost
of $55 ,000.

BACKGROUND

This project was initiated to develop new and improved process
contro l procedures which would significantly improve the reliability
and durability of adhesive bonds used in the production of conven t ional
and nuclear materiel. During the past few years limited work relating
to process studies has been done util izing R&D funds. The results
illustrated the extreme criticality of lapsed time between surface
treatment of adherends and adhesive bonding. It was also apparent
that most bonding operations are dissimilar which then requires a
specific set of process conditions adapted to accommodate such factors
as type adherend , geometrical configuration of the joint, magnitude of
anticipated joint stress, type adhesive, and type of surface prepara-
tion. Process controls fail for the most part to consider these dis-
similarities.

SUMMARY
The objectives of this effort were the development of improved ad-

hesive bonding methodologies, the solving of current and potential
bonding problems for advanced Army applications, and the improvement of
numerous military end items whose construct4on al ready places heavy
reliance on adhesives and sealants. This program was accomplished by
in—house effort at Picatinny Arsenal and contractual efforts by Boeing
Company and Stevens Institute.

The effort included a comparison of the effect of various pretreat—
ments on the durability of metallic adherends when bonded together
using adhesives coemon to military usage. Dutdoor stressed exposure
and controlled—environment stressed exposure of single lap shear spec-
imens were the basic approaches used. Specimens were continually
made and exposed to the various environments in order to predict how
adhesive—bonded joints would withstand atmospheric and climatic con-
ditions such as temperature, humidity, wind , and rain. The adhesive—
adherend systems evaluated were chosen on the basis of various military
use. such as in helicopter paneling or in munition items.
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Two types of lap shear specimens were prepared. Those for outdoor
exposure contained a 1.27cm x 1,27cm bonded area. Those for the con-
trolled environment contained a 1.27cm x 2.54cm bonded area. All ad—
herends were fabricated from 0. 159cm sheet stock except for the copper
which was 0.318cm thick. The specimens were bonded under air pressure
in a “mini—d ave”, a clam shell type autoclave, in an electrically
heated hydraulic press. The metallic adherends used in this program
were 2024—T3, 5052—H38, 6061—T6, 7075—T6aluminum alloys; copper alloy,
302 stainless steel, CF and 6.4 titanium alloys. Adhesives used were
primarily film type Reliabond 7114, liquid type Loctite 308, film type
AF 126—3, and paste type EC 2214 R. A typical durability curve is
shown in Figure’l.

— mc
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Figure 1 — Durability Curve AF 126—2 Adhesive, Acid Etched Stainless Steel

Some of the results of the program are as follows:

a. Bonds to aluminum adherends which have been properly chromic
acid anodized and sealed can withstand outdoor aging for periods of
five years without any substantial loss of strength.

b. The bonds to phosphate—fluoride—treated titanium are more dur-
able than those to alkaline—cleaned titanium.

c. The bonds of the phosphate—fluoride—treated 6.4 titanium are
sensitive to stress during the outdoor aging period and generally show
a decrease in strength which is a function of the stress level under
which the specimens were aged.

d. Joints in which 7075—T6 aluminum are bonded to 4340 steel with
EC 2214 R adhesive show very good durability.
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BENEFITS
On the basis of this program , the relationship of process variables ,

strength, reliability, and useful life of bonded Items , the design
allowables for bonded and sealed structures can be more accurately fixed .
Thus, more efficient structures can be produced at significantly lower
cost, requiring less maintenance, and having longer life. Quality
production can be Insured by employing adequate process controls during
production.

IMPLEMENTATION

ThIs program provided a basis for revision of several specifications
to incorporate provisions and/or compatibility with/for adhesive bonding.
A complete processing handbook (see below) was prepared for the produc-
tion of components utilizing sealants and adhesives bonding. Military
specifications will be revised to incorporate the new developments aTLd
to establish bonding procedures where they currently do not exist.

MORE INFORMATION

Additional information on this project is available from Mr. William
C. Tanner, Picatinny Arsenal , AC (201) 328—3807 or AUTOVON 880—3807.
Technical Report No. 4883 entitled “Processing Handbook on Surface
Preparation for Adhesive Bonding”, dated December 1975 and Technical
Report No. 4917 entitled “Durability of Adhesive Bonds to Various
Adherends”, dated June 1976, discuss this program In more detail.

Summary Report was prepared by Manufacturing Technology Division, US
Army Industrial Base Engineering Activity , Rock Island , IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY

PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology proj ect 773 3524 titled “Modular
Synthetic Light—weight Camouflage Screens” was completed by the U.S.
Army Troop Support Command in June 1975 at a cost of $1,135,000.

BACKGROUND

This project is the last phase of a 3—year effort to design and
fabricate equipment for manufacture of a new modular synthetic light-
weight camouflage screening system. Modular nets can be joined with
no break in the camouflage pattern. The existing Standard A burlap
garnished cotton twine net has been declared unsuitable and obsolete
in view of new operational requirements. This is the only domestic
project in existence conc erned with the development of any type of
camouflage screening system. Military camouflage screens are used
in all weather environments for defense against radar, visual and
photographic surveillance.

SUMMARY

The obj ect ive of this projec t was to develop new manufacturing
methods and techniques for efficient and economical mass production
of a new modular synthetic lightweight camouflage screen ing system.
The production tooling includes equipment necessary for producing
radar scattering garnish, application of garnish to netting in pre-
scribed pattern’ and simplified production of support hardware and
transport .ases. Production tooling was designed and developed for
automatic fabrication.

The camouflage net is made radar active by the incorporation of
steel fibers. A radar passive net can also be made by not including
the steel fibers.

The matrix distribution machine (NDM) , Figure 1, is the center of
the system. Its main function is to apply and af f ix  conductive fibers
in a random orientation to a porous spun—bonded nylon substrate. The
substrate with the fibers attached makes up the radar active camouflage
net. Radar waves in X and Ku bands interact with the steel fibers,
which prevents the shape of the obj ect under the net from being dis—
tinguished. The MDM system is probably the most important and most
complex of the manufacturing systems for lightweight camouflage screen-
ing systems. But the basic technology is drawn from the paper making
industry and is within the proven state—of—the—art.
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Figure 1 — The matrix distribution machine randoml y app lies
and affixes conductive fibers to a nylon substrate.

Previously, vinyl coatings impregnated the nylon fibers resulted in
a low tear strength. The newly developed double transfer process does
not impregnate the nylon fibers. Therefore , each fiber must be broken
individually resulting in a much higher tear strength. The double trans-
fer process also has a more even coating than other coating methods.

A microwave monitor was installed to provide in—process measurement
of the microwave properties of coated netting . The system has the abil-
ity to measure transmission and reflection at top conveyor speed of 60 f t/
m m .  A fault marking system is incorporated to mark any out of specif i—
cation material.

BENEFITS
The completion of this projec t resulted in produc t ion tooling which

is capable of producing 65,000 screen modules per year. The new camou-
flage nets have a l ife of two years compared to the Standard A burlap
nets which had a life of six months. Previously, nets were manufactured
by hand , with a corresponding high cost.

I‘1 . 
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IMPLEMENTATION

The camouflage screening net is now in production. Equipmen pro-
ducing 20,000 units is in operation at the Brunswick plant in Deland ,
Florida. There is another set of equipment producing the same quantity
at Devil ’s Lake , North Dakota.

MORE INFORMATION

Additional information on this product is available from Mr. K. L.
Whiteside, Countersveillance and Topographic Division, Military Tech-
nology Dept., MERADCOM, AV 354—5517.

Summary Report was prepared by Manufacturing Technology Division, ~S Arm y
Industrial Base Engineering Activity, Rock Island, IL 61299.

102

4

- -



APPENDIX I
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ARMY MM&T PRO GRAM R~PRFSENTATIVES

HQ, DARCOM
US Army Materiel Development and Readiness Command
ATTN : DRCMT
5001 Eisenhower Av enue C: 202 274—8284/8298
Alexandria , VA 22333 AV: 284—8284/8298

IBEA
US Army Industrial Base Engineering Activity
ATTN: DRXIB—MT, Mr. James Carstens C: 309 794—5113
Rock Island , IL 61299 AV: 793—5113

ARRADCOM
US Army Armament R&D Command
ATTN: DRDAR—PML, Mr. Donald J. Fischer C: 201 328—6714
Dover , NJ 07801 AV: 880—6714

ARRCOM
US Army Armament Materiel Readiness Command
ATTN : DRSAR-IRB , Mr. August Zahatlco
Rock Island Arsenal C: 309 794—4485/3730
Rock Island , IL 61299 AV : 793—4485/3730

AVRADCOM
US Army Aviation Systems R&D Command
ATTN : DRDAV—EXT , Mr. Robert Voilmer
12th & Spruce Streets C: 314 268—6476
St. Louis , MO 63166 AV: 698—6476

CERCOM
US Army Communications & Electronics Materiel Readiness Command
ATTN : DRSEL—LE—R, Mr. Martin Ides C: 201 532—4950
Fort Monmouth , NJ 07703 AV: 992—4950

CORADCOM
US Army Communications R&D Command
ATTN: DRDCO—PPA—TP, Mr. Al Feddeler/Sam Esposito/Bu rton Resnic
Building 2700 C: 201 535—4262
Port Monmouth , NJ 07703 AV: 995—4262

ERADCOM
US Army Electronics R&D Command
ATTN: DELET—DS, Mr. Joseph Key/Bernard Reich C: 201 535—4829
Fort Monm~uth , NJ 07703 AV: 995—4829

MERADCOM
US Army Mobility Equipment R&D Command
ATTN: DRDME—U, Mr. S. 0. Newman C: 703 664—4221
Fort Belvoir , VA 22060 AV: 354—4221
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MIRADCOM
US Army Missile R&D Command
ATTN: DRDMI—EAT, Mr. Ray Farrison C: 205 876—1835
Redstone Arsenal, AL 35809 AV: 746—1835

MIRCOM
US Army Missile Materiel Readiness Command
ATTN: DRSMI—NSS , Mr. Alfred H. James C: 205 876—3025
Redstone Arsenal, AL 35809 AV: 746—3025

NARADCOM
US Army Natick R&D Command
ATTN: DRDNA—Z, Mr. Edward F. Levell C: 617 653—1000, x2793/4
Natick, MA 01760 AV 955—2349/2351

TARADCOM
US Army Tank-Automotive R&D Command
ATTN: DRDTA—KP, DRDTA—RCK, Mr. J. Chevalier C: 313 573—2065/1814/2467
Warren , MI 48090 AV: 273—2065

TARCOM
US Army Tank—Automotive Materiel Readiness Command
ATTN: DRSTA—EB, Mr. Basel Armstead C: 313 573—2485
Warren, MI 48090 AV: 273—2485

TECOM
US Army Test & Evaluation Command
ATTN : DRSTE—NE , Mr. Grover Shelton C: 301 278—2 170/3677
Aberdeen Proving Ground , MD 21005 AV: 283—2170/3677
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DRXIB—MT

DISTRIBUTI ON:

Defense Documentation Center:
Building 5, Cameron Station, Alexandria, VA 22314 (12 cys)

Departmen t of Defense:
DIRSO, Cameron Station , Attn : Mr. Charles Downer (3 cys)
0USD (R&D) , The Pentagon , Attn : Dr. Lloyd L. Lehn (2 cys)

Department of the Army:
HQDA, OASARDA, The Pentagon, Attn : Mr. Eugene S. Davidson
HQDA , ODCSRDA, The Pentagon , Attn : DANA-PPM—P , Mr. Rod Vavter

HQ DARCOM:
Cdr , DARCOM, Attn : DRCCG
Cdr , DARCOM, Attn: DRCDMD
Cdr , DARCOM , Attn : DRCDMR
Cdr , DARCOM, Attn: DRCPP
Cdr , DARCOM, Attn: DRCPP—I (3 cys)
Cdr , DARCOM, Attn : DRCDE
Cdr , DARCOM, Attn : DRCMT (20 cys)
Chf , Office of  Project Management, Attn: DRCPM—PBM—P (5 eye)

Proj ect/Produc t Managers:
PM, Advanced Attack Helicopter, Attn: DRCPM—AAH (AVRADCOM)
PM, Aircraft Survivability Equipment (ASE) , Attn: DRCPM-ASE (AVRADCOM)
PM, Amphibians and Watercraft (AWC), Attn: DRCPM—AWC (TSARCOM)
PM, Armored Combat Vehicle Technology (ACVT), Attn: DRCPM—CVT (TARADCOM)
PM, Army Container-Oriented Distribution System (ACODS), Attn: DRCPM—CS (DARCOM)
PM, Army Tactical Communications Systems (ATACS), Attn: DRCPM—ATC (CORADCOM)
PM, Army Tactical Data Systems (ARTADS), Attn: DRCPM-TDS (CORADCOM)
PM, Automatic Test Support Systems, Attn: DRCPM—ATSS (CORADCOM)
PM, B].ackhawk, Attn: DRCPM—BH (AVRADCOM)
PM, Cannon Artillery Weapons Systems, Attn: DRCPM-CAWS (ARRADCOM)
PM, CH-47 Mod. Program, Attn: DRCPM-CH47M (AVRADCOM)
PM, CNAPARRAL/FAAR, Attn: DRCPM-CP ~MIRC0M)
PM, Chemical Demilitarization & Installation Restora tion, Attn: DRCPM—DR (APC)
PM, COBRA, Attn: DRCPM—CO (TSARCOM)
PM , DCS (Army) Communications Systems , Att n : DRCPM—COM (ERADCOM)
PM , Division Air Defense (DIVAD) Gun , Att n : DRCP M—ADG (ARRADCOM)
PM , Family of Military Rogr. Constr ue . Equip . (FA~~ CE) fUnivsl. Engr. Tractor

(UET) , Attn : DRCP M-FM (MEEADCOM)
PM , Fighting Vehicle Armament, Att n : DRCPM—FVA (TARADCOM)
PM , Fighting Vehicle System. , Attn : DRCP M—FVS (TARADCCN)
PM , FIR EFINDER , Attn: DRCP M—FF (ERADCOM)
PM , General Supp ort Rocket System, Attn : DRCP M—RS (MIRADCOM) - -

PM , Ground Laser Designa tors , Att a : DRCP M—LD (MI RADCOM)
PM , HAWK , Att n : DRCPM-HA (MIRCOM)
PM , Hs.vy Equipment Transporter (RET) , Attn: DRCP M—HT (TARCO M)
PM , Heliborne Laser Fir. and Forget (HELLF IRE ) Missile Syst em, Attn : DRCP ?4—HE

(MIRADCOM)
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PM , High Energy Laser System , Attn : DRCPM—HEL (MIRADC OM)
PM , Improved TOW Vehicle , Attn : DRCPM—ITV ( TARADCOM )
PM, LANCE , Attn: DRCPM—LC (MIRCOM)
PM, M60 Tank Development, Attn: DRCPM-M6OTt) (TARCOM)
PM , M60 Tank Produc t ion , Attn : DRCPM— M6OTP (TARCOM)
PM, M1 1OE2 , 8—Inch Howitzer , Attn : DRCPM—M 11OE2 (ARRCOM)
PM , M 113/M 1 13AI Family of Vehicle Readiness, Attn : DRCPM—M 113 (TARCOM)
PM, Mobile Electric Power, Attn: DRCPM—MEP (Springfield~ VA)
PM , Multi—Service Communications Systems, Attn : DRCPM—MSCS (CORADCOM)
PM , Munitions Prod. Base Mod, and Exp., At tu : DRCPM—PBM—DP (ARRADCOM) (6 cys)
PM , Navigation Control Systems (NAVCON) , Attn : DRCPM—NC (ERADCOM)
PM , Nuclear Munitions , At tn : DRCPM-NUC (ARRADC OM)
PM , PATRIOT , Attn : DRCPM— MD (MIRADCOM)
PM , PERSH ING , Attn : DRCPM—PE (MIRADCOM)
PM , Remotely Monitored Bactlefield Sensor Systems (REMBASS) , Attn : DRCPM — RB S

(ERADCOM)
PM , 2.75 Rocket System , Attn : DRCPM— RK (MIRADCOM)
PM , SATCOM , Attn : DRCPM—SC (ERADCOM)
PM , Selected Ammunition , Attn : DRCPM—SA (ARRADCOM)
PM , Signal In telligence/Electronic Warfare (SICINT/EW) , Attn : DRCPM—SI EW (CERCOM)
PM , Single Channel Ground and Airborne Radio Subsystem (SINCGARS) ,

Attn: DRCPM-.CARS (CORADCOM)
PM , Smoke/Obscurants (SMOKE) , Attn : DRCPM—SMK (APG)
PM, Special Electronic Mission Aircraft (SEMA) , Attn : DRCPM—AE (TSARCOM)
PM , Stand—off Target Acquisition System, Attn : DRCPM—STA (ERADCOM
PM , STINGER , Attn : DRCPM—MP (MIRADCOM)
PM , TOW-DRAGON , Attn : DRCPM—DT (MIRCOM)
PM , Training Devices , Mtn : DRCPM-TND (Orlando , FL)
PM , US ROLAND , Attn : DRCPM—ROL (MIRADCOM)
PM, VIPER , Attn : DRCPII—V 1 (MIRADCOII)
PM, ~~(-1 Tank System, Attn : DRCPM-GcM (TAR.ADCOM)

Project Officers:
P0 , Joint Services Interior Intru sion Detection System (J— SIID S),

Attn : DRSTS-KJ -

P0, M6OAI Tank Camouflage Pilot Program , Attn : DRXFB—RT
P0, SLUPAE/SLUMINE , Surface Launch Unit Fuel Air Explosive (SLUFAE ) Mine

Neutralization System/Surface Launched Unit Mine (SLUMINE ) Dispensing
System , Attn : DRL*fE—NS (Ft . Belvoir)

P0 , Stand-Off Target Acquisition/Attack System (SOTAS), Attn : DRSEL—CT
P0, Test , Measurement, and Diagnostic Equipment , Attn : DRCRE —T (DARCOM)
P0, Tactical Shelters, Attn : DRXNM—UBS

M~~or Subcou~ ands:
Cdr , ARRCOM, Attn : DRSAR-CC
Cdr , ARRADCOM , Attn : DRDAR
Cdr , ARRADCOM, Attn : DRDAR—TDA, Mr . Joe LUck
Cdr , AVRADCOM, Atcn : DRDAV
Cdr , CERCOM, Attn : DRSEL
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Major Subcommands (Cont’d):
Cdr , CORADCOM, Attn : DRDCO—PE , Mr. Stan Sok.olove
Cdr , DESCOM, Attn : DRSDS—PMI , Mr. Allen Updegrave
Cdr , E RADCOM , Attu : DRDEL
Cdr , MIRCOM, Attn : DRSMI
Cdr , MIR.ADCOM, Attn : DRDMI
Cdr , TARADCOM, Attn : DRDTA
Cdr , TARCOM, Attn : DRSTA
Cdt, TECOM, Attn: DRSTE
Cdr , TSARCOM, Attn: DRSTS
Cdr , MERADCOM, Attn: DRL*1E
Cdr , NARADCOM, Attn: DRDNA
Dir, USAILCOM, Attn : DRCIL

Arsenals:
Cdr , Pine Bluff Arsenal (PBA) , Attn : SARPB
Cdr Rock Island Arsenal (RIA) , Attn: SARRI—CO
Cdr , Rocky Mountain Arsenal (RMA) , Attn: SARRM
Cdr , Watervliet Arsenal (WVA) , Attn : SARWV

Army Ammunition Plants’:
Cdr , Crane AAP, Attn: SARCN
Cdr , Hawthrone AAP , At tn : SARHW
Cdr , Holaton APP , Attn : SARHO
Cdr , Indiana PAP , Attn : SARIN
Cdr , Iowa APP , Attn : SARIO
Cdr , Kansas APP , Attn : SARKA
Cdr , Lake City APP , Attn : SARLC
Cdt , Lone Star APP , At tn : SARLS
Cdr , Longhorn AAP , Attn : SABLO
Cdt , Louisiana PAP , Attn : SARLA
Cdt , McAlester PAP , Attn : SARMC
Cdr , Milan PAP , Attn : SARNI
Cdt, Mississippi PAP, Attn : SARMS
Cdt , Radford APP , Attn : SARR.A
Cdt , Riverbank PAP , Attn: SARRB
Cdt, Scranton AAP, Attn: SARSC

Depots: -

Cdt, Anniston Army Depot, Attn : SDSAN
Cdt, Corpus Christi Army Depot, Attn: SDSCC
Cdr , Hawthorne Army Depot, Attn : SDSHW, Hawthrone, NV 89415
Cdt, Letterkenny Army Depot, Attn : SDSLE
Cdi,, McAlester Army Depot, Attn : SD$MC , MeAleeter, OK 74501
Cdr , New Cumberland Army Depot, Attn : SDSNC
Cdt , Red River Army Depot, Attn: SDSRR
Cdt , Sacramento Army Depot, Attn: SDSSA
Cdt , Seneca Army Depot , Attn : SDSSE
Cdt , Sharp. Army Depot , Attn : SDSSH
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Depots (Cont ’d): -

Cdt, Sierra Army Depot, Attn: SDSSI
Cdr , Tobyhanna Army Depot, Attn: SDSTO
Cdr , Tooele Army Depo t , Attn : SDSTE

Depot Activities:
Cdt, Lexington—Blue Grass Army Depot Activity, Attn : SDSLX
Cdt, Navajo Army Depot Activity’, Attn: DRXTE—N
Cdr , Pueblo Army Depot Activity, Attn: DRXPU
Cdr , Savanna Army Depot Activity, Attn : DRSAC
Cdr, Umatilla Army Depot Activity, Attn: DRXTE—UM
Cdr , Fort Wingate Army Depot Activity, Attn: DRXFW

DARCOM Labs, Schools, and Other Army Installations/Activities:
Cdr, Army Ballistic Research Labq (BRL), Attn: DRXBR—X
Cdr , Army Equipment Authorizations Review Acty. (EARA), Attn : DRXEA- C
Cdr , Army Harry Diamond Labs (MDL) , Attn : DRXDO
Dir, Army Human Engineering Labs (MEL), Attn: DRXHE
Cdt , Army Logistics Management Ctr. (ALMC), Attn : DRXMC—AL
Cdt , Army Maintenance Management Ctr., Attn: DRXMD
Dir, Army Management Engineering Training Acty. (AMETA) , Attn : DRXOM
Dir, Army Materials and Mechanics Research Ctr. (ANMRC), Attn: DRXNR ,

DRXMR—M (3 cys)
Cdr , Army Research Off ice (ARO) , Attn : DRXRO—AO
Cdr, Army Weapons Support Ctr , Crane, tN 47522
Dir , Automated Logistics Management Systems Acty. (ALMSA) , Attn : DRXAL—A
Cdt, Foreign Science and Technology Ctr. (FSTC), Attn: DRXST—OC
Dir, Installations and Services Activity (I&SA), Attn: DRCIS
Cdt , Joint Military Packing Training Ctr., Attn: DRXPP—A
Cdr , Logistics System Support Acty. (LSSA), Attn: DRXLS—t
Cdr , Night Vision Labs (NVL), Attn: DRSEL—NV—PA/IO

MT Representatives:
Cdt, ARRADCOM, Attn: DRDAR—PML, Mr. Donald J. Fischer (7 cys)
Cdt, ARRCOM, Attn: DRSAR— IRB, Mr. August Zahatko (4 cys)
Cdt, AVRADCOM , Attn: DRDAV-EXT, Mr . Robert Voilmer
Cdr, CERCOM , Attn: DRSEL—LE—R, Mr . Martin Ides
Cdr , CORADCOM, Attn : DRDCO—PPA—TP , Mr . Al Feddelet , Sam Esposito, Bur ton Resnic
Cdt , ERADCOM , Attn : DELET—DS, Mt. Joseph Key , Bernatd Reich
Cdr , MERADCOM, Attn: DRDI4E—U, Mr. S. 0. Newman
Cdt , MIRADCOM , At tn : DRThII—EAT , Mr . Ray Farrison
Cdt, MIRCOM , Attn: DRSMI—NSS, Mr. Alfred H. James
Cdr , NARADCOM, Attn: DRDNA—EM, DRDNA—Z, Mr. Edward P. Levell
Cdr , TARADCOM, Attn: DRDTA—KP, DRDTA-RCK, Mr. J. Chevalier
Cdr , TARCOM, Attn: DRSTA—E3, Mr. Basel Armatead
Cdt , TECOM , Attn : DRSTE—ME , Mr. Clover Shelton
Cdt, TSARCOM, Attn: DRSTS—PLE, Mr. Don C. Doll
Dit , AMMRC , Attn : DRXMR—PT, Mr. Raymond Far row
Cdt, HDL, Attn: DELHD—PP, Mr. Julius Hoke
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MT Rep resentat ives (Cont ’4):
Cdt , ANRDL, Att n: SAVDL-EU-TAS , Mr. L. Thomas Mazza
Cdr , RIA , Attn: SARRI—ENM, Mr. Joseph DiBenedetto
Cdr , WVA, At t n : SARWV—PPI, Mr. L. A. Jette
PM, MPBM&E , Attn: DRCPM—PBM—DP
DCSRDA , Attn: DAMA-CSM, Mr. Rod Vawter
DCSRDA, Attn : DAMA—WSA , LTC Jay B. Bisbey
DCSRDA, Attn: DAMA-WSM—A , LTC Hor ton
D( SRDA , Attn : DAMA—WSW , MAJ Gordon Little
DCSRDA , Attn : DANA—CSC—BU , LTC D. L. Chilcote
DCSRDA , Attn : DANA-CSS, LTC L. R. Hawkins
DCSRDA , Attn : DAMA—CSM— P, Mr. Jack King

Navy Activities:
Cdt , NAVMAT, Attn: CPT L. C. Dittmar, Code 044
Cdr, NAVMIRO, Attn : Officer—In—Charge
Cdt, NAVSEA , Attn : T. E. Draschil, Code C—0354
Cdr, NAVAIR , Attn : D. S. Henderson, Code ESA—824
Cdr , NAVELEX , Attn : C. A. Rigdon , Code ELEX—504512
Cdt, Naval Surface Weapons Ctr/White Oak Lab, Attn: Code a4—42
Cdr , Naval Surfac e Weapons Ctr/Dahlgren Lab, Attn: Code GM—Si
Cdr , Naval Weapons Ctr, Attn : D. M. Bullat, Code 36804

Air Force Act ivit ies:
Cdt, HQ, USAF/RDX I, The Pentagon, Attn: MM D. Mackintosh
Cdr , AFSC/DLF, Andtew AFE
Cdt , AFSC/DLFF , Andrew AFB
Cdt, AFSC/PPD, Andrew AFB
Cdr , APSC/PPDE , Andrew AFB
Cdr , AFML/ LT , Wr ight—Patterson AFB

- 

- Cdr, AFML/LTE , / LTM, /LTN, Wright—Patterson AFB
Cdr , APML/MX , Wright—Patterson AFB
Cdr , San Antonio Air Logistics Ctr , Kelly AlL, Attn : E. Boisvert , MMEWA
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