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FOREWARD

This document presents information for the DARCOM Manu-
facturing Methods and Technology (MMT) Program for Fiscal
Years 1981~1985. The projects and funding levels for the
out~years are for planning purposes only and will change
based on technological developments and revisions in program
requirements. Since total funding for these planned pro-
jects exceeds the projected funds for the Army's MMT Pro-
gram, some projects will not be funded or may be slipped to
later fiscal years. HQ, DARCOM and its subcommands and
centers have the authority to reprogram funds to projects
with higher priority, thereby affording the flexibility to
accommodate new opportunities as they arise.
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INTRODUCTION

The MMT Program Plan

The MMT Program Plan, CY 1981, provides within a single source a sum-
mary of current and near-term efforts (FY81~FY85) included in the DARCOM
MMT Program. Since weapons systems requirements and the technology for
these systems are constantly changing, inclusion in the Program Plan is not
a guarantee that an individual project will be funded. However, the Plan
does serve as an indicator of the areas towards which DARCOM's resources
will be directed and the magnitude of the Army's commitment to this pro-
gram.

Organization of the MMT Program Plan

The Plan provides a section for each DARCOM element which has projects
in the FY 81-85 period. Each section includes a summary of the activity,
its responsibilities, and its major MMT thrust areas. Following this sum-
mary is a listing of each project proposed by that activity.

Individual project information is presented by the last four digits of
the project number and includes the project title, funding, a brief de-
scription of the problem addressed by the project and the proposed solu-
tion. Projects are grouped according to broad categories and then further
subdivided according to component. This arrangment points out major areas
of emphasis and aids the identification of possible duplication of effort.

Industry Guide

An Industry Guide (Appendix A) has been inéluded to aid in the use of
the plan. The section will help clarify the interrelationships between the
appropriations, commands, and personnel involved in the DARCOM MMT Pro-
gram.




PROGRAM IMPACT

The MMT Program

The Manufacturing Methods and Technology (MMT) Program serves the US
Army Materiel Development and Readiness Command (DARCOM) as a bridge be-
tween research and development and production. The program's primary aim
is to reduce the cost of weapons system acquistion by improving the effi-
ciency of manufacturing processes and by implementing new technology.
Although cost reduction is a primary concern, the emphasis is also di-
rected toward efforts reducing air and water pollution, increasing safety,
conserving energy, reducing dependency on critical material, improving
producibility and increasing productivity.

Need for MMT

The United States is in a period of low productivity growth with ac-~
companying increased costs. The MMT Program is a major DOD tool to
improve productivity and lower end item and spare/repair parts costs. The
following excerpts illustrate the emphasis being given to the MMT Program
by DOD and DARCOM.

Excerpt from the Overview Statement by the Under Secretary of Defense
Research and Engineering to the 96th Congress, Second Session, 1980:

"Technology is being used as a tool to achieve major cost reductions in
manufacturing complex weapons systems and high-quality production hardware
in several important ways: improvements in productivity and yield (e.g.,
computer~aided manufacturing), conservation of strategic materials result-
ing in reduced production lead times and costs (e.g., "near net shape"
fabrication methods and substitution with less critical materials and com-
posites); greater productivity (e.g., improvements in safety, pollution
abatement, and energy use); and reliability through improved inspection
and quality assurance methods. The Manufacturing Technology Program, a
top priority program for increasing the introduction of innovation in the
defense industrial procurement program, is funded at 150 milion in FY81,
representing approximately 0.4 percent of the defense procurement pro-
gram",

Excerpts from the "Department of Defense Statement on the Science and
Technology Program” by the Deputy Under Secretary of Defense for Research
and Advanced Technology before the Research and Development Subcommittee
of the Committee on Armed Services of the US Senate 96th Congress, Second
Session, 5 March 1980:

1. "in addition to multiplying our force effectiveness through improved
performance, new technology is required to address defense costs, acquisi-
tion barriers, and readiness. Requirements that must be addressed by tech-
nical solutions include: improved reliability (which is "designed-in"




and "manufactured-in" not just "tested-in"); life extension and durability
of costly military hardware; conservation, substitution, and recycling
technologies for critical material; increased productivity and reduced
manufacturing cost in our defense industrial base; the capability to sub-
stitute synthetic fuels for petroleum-based fuels; and improved human
engineering to better match operational demands of new equipment to
training and readiness levels. Advanced Technology Developments and the
Manufacturing Technology Program provide great potential for meeting these
requirements and accordingly deserve stronger emphasis in the future than
is represented in our FY 1981 budget request. | intend to continue to
give strong emphasis to these important elements of the S&T Program as
well as « « "

2. "™Much attention has been given to the iack of increased productivity
and innovation within US industry. Probably the single most effective
program within the DOD to attack this problem and fo improve our defense
industrial preparedness is the Manufacturing Technology Program. We are
working very closely with the military departments and with industry to
further strengthen the program. We are striving to provide better visi-
bility for active and completed projects to better articulate the cost
savings and productivity improvements which accrue to the DOD (and to the
American industry in general)".

3. "The Manufacturing Technology Program (MTP) is an aggressive DOD
initiative to exploit innovative manufacturing concepts which show
potential to reduce material acquisition costs and to improve industrial
productivity + « "

Excerpts from, "The Department of Defense Statement on Industrial
Readiness” by the Under Secretary of Defense for Research and Engineering,
before the Defense Industrial Base Panel of the Committee on Armed Ser-=
vices, United States House of Representatives 96th Congress, Second Ses-
sion, 3 December 1980:

1. "The DOD Manufacturing Technology Program is clearly an extremely
important vehicle for improving the health of industry, and one which |
fully support . « "

2. "l consider that my principle proposal as a manager in a defense pro-
gram is to focus emphasis, to focus priority on the issues that | think
are most important. And in the Technology Base | have chosen to focus
those on three areas. One of them which you are well familiar with is the
very high-speed integrated circuits.s A second is the manufacturing tech-
nology program which GEN Slay described to you. And the third, which |
pull out as a separate item, although it is part of manufacturing tech-
nology, is this rapid-solidification technology « « "




Excerpt from a statement by General John R. Guthrie, Commanding
General, US Army Materiel Development and Readiness Command before the
Industry Preparedness Panel of the House Armed Services Committee, Second
Session, 96th Congress, 14 November 1980:

"in this latter regard, | would !ike fo comment on two points which were
raised by the Defense Science Board last summer and which | believe Dr.
Fuhrman addressed in his testimony before the pane! in September.

"The first point concerns service Manufacturing Technology (MANTECH)
Programs. In his statement, Dr. Fuhrman said that the DSB recommended
that a reasonable portion of each service's procurement budget be devoted
to MANTECH Programs. Although he did not specify a percentage, the DSB,
in its report, called for annuatly funding MANTECH to 1% of each service's
procurement budget.

"While | understand and support the thrust of the DSB's effort to index
MANTECH to procurement expenditures, | suggest that a 1% level may be in-
adequate. Based on the potential benefits and merits of the project pro-
posals submitted to us on the opportunities we envision, | would be quite
willing to see the funding level rise to some 2%, or possibly higher when
special opportunities arise and are fully justified.

"Fyrther whatever base percentage is finally agreed upon, | believe
that figure should represent a floor which should not- be breached by DOD
or any other services:. o "

This strong emphasis was reiterated by General Guthrie during an
appearance before the Industrial Preparedness Panel of the House Armed
Services Committee, First Session, 97th Congress on 30 April 1981.

New Systems

An expanded MMT program is necessary to support the production base
being established for the new systems of the 1980's required to modernize
our forces and improve readiness. These systems will run the gamut from
tanks to helicopters to ammunition, missiles and vehicles. A new tank,
the M~1, is now coming off the assembly line. In addition, the Army will
have a new fighting vehicle for infantry. Two new helicopters, one
devastating against armor and the other vital to our mobility and logis-
tics, will be built. The latter, the Blackhawk, has already been
fielded. Also developed in the last few years and entering into produc=
tion is a laser~homing artillery shell capable of first round hits
against moving targets at 15km. The Artillery will be receiving its
first multiple rocket launcher capability in 30 years. The Airborne and
Air Mobile Forces are being given the first new Howitzer, the M198, since
World War II.

In the area of air defense, development has been completed and field-
ing of the Patriot missile system has begun. Another new air defense
system that will be fielded is the Roland. Also under development is the
Division Air Defense Gun.




Command Systems include an integrated Army tactical communications
objective system (INTACS) which consists primarily of equipment sys-
tens developed under TRI-TAC, TACSAT, SINCGARS, and associated COMSEC
programs that will provide for responsive, secure, jam-resistant,
mobile and highly automated tactical communications. The Arny Heli-
copter Improvement Program (AdIP) is in support of intelligence, sur-
veillance and target acquisitions. This program is looking at the
0H~6 and OH~58 as candidates for an interim Scout helicopter. Follow-
ing the AHI? Program, if cost justifiable, the advance Scout helicop-
ter will be pursued with a new air frame designed specifically for the
Scout mission. Also, currently being developed is a remotely piloted
vehicle to provide surveillance and target designation behind enemy
lines. The Army is fielding its firefighter radar systems which are
capable of detecting incoming mortar artillery and free rockets and
provide instant target data on point of origin before the incoaing
rounds hit. In the air, the stand-off target acquistion systenm
(SOTAS) mounted on a Blackhawk helicopter will be able to detect and
locate woving targets, targets which are miles behind enemy lines,
from a relatively safe position behind our line.

The combat support mission area planning trends in the engineering
area include: a "combat excavator” for rapid field fortification con-~
struction; soil stabilization system; logistic-over-the-shore (LOTS)
operation; rapidly implaced water storage bladders and hoselines;
mobile welldrilling equipment; waste water reuse equipment and
improved filtering of saline and NBC contaminated water; new wet~and
dry-gap bridges; and rapid crossing sites access/egress systems.

In the mine/countermine area, Army is developing a family of scat-
terable mines (FASCAM), which allows rapid delivery of massive amounts
of antitank and antipersonnel mines by artillery, aircraft, or ground
distribution. In the countermine area, Army is developing a surface-
launched fuel air explosive, that uses the devastating shock of fuel
air explosive to rapidly clear paths in the minefields. A mine clear~
ing roller has just been fielded which attaches to the point of the
main battle tank and is capable of safely detonating and clearing any
known pressure-sensitive mine.

In the area of night vision, Army is in the third generation of
passive night vision devices, popularly known as starlight scopes.
The size and weight has been reduced and the blooming problenm caused
by sudden bright light such as flares or muzzle flashes has been
reduced. Developments in the night observation area will include:
development of third generation light amplification devices, focal
plane arrays for thermal imaging, millimeter wave radars and CO2 laser
for target acquisition and fire control.




Procurement of various size generators has continued to provide
general purpose power sources for field units. 1In addition, the
DOD family of standard generators and associated equipment will be
utilized to provide power sources for PATRIOT, CHAPARRAL, TACFIRE,
HAWK, and a variety of other missile and air defense systems. Initial
procurement of the silent lightweight electrical energy plant (SLEEP)
model begins in FY84, and continues with the 3 KW, 5 KW, and 10 KW
during the next 10 years.

MMT Thrusts

The thrusts of the program are divided into two categories. The
first category - Program Thrusts = is aimed at improving the overall
management of the program. It is aimed at getting the most out of the
program, both for Army and the industrial base, per dollar expended.
The second category - Technology Thrusts = is aimed at the technical
areas important to fielding the weapons systems of the 1980's.

Program Thrusts

Support Procurement

Improve Implementation
Identify Cost Drivers

Apply Foreign Technology
Improve Technology Transfer

"Technology Thrusts

Large Scale Integration (LSI) Flexible Machining Systems
Very High Speed Integrated Group Technology

Circuits (VHSI) Computer Aided Design and
Gradient Index Optics Manufacturing
Silicon on Sapphire (SOS) Computer Integrated Manufacturing
Fiber Optics Robotics
Pressed Lenses Laser Applications
Plastic Optics Materials Substitution
Chalcogenide Glass Optics Near Net Shape Processing
High Frequency Gallium Arsenide Surface Treatment
Microwave Integrated Circuits Joining~-Automated Control
Composites Ceramics
Air and Water Pollution Abatement Metal Removal
Energy Conservation High Speed Machining
Recycling Powder Metallurgy
Demilitarization Safety
Flexible Ammo Metal Parts Lines Ammunition Cast and Press Loading
Automated Material Handling Automated Test and Inspection
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US ARMY ARMAMENT MATERIEL READINESS COMMAND (ARRCOM)
AND
US ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND (ARRADCOM)

ARRCOM, with headquarters at Rock Island, IL, is the DOD Single Manager
for Conventional Ammunition (SMCA). ARRCOM is responsible for integrated
logistics (material readiness) management of nuclear and non-nuclear wea-
pons and munitions. This includes follow~on procurement, production,
engineering in support of production, industrial management, product assur=
ance, material management, maintenance, value & logistics engineering, in~
ternational logistics, and transportation and traffic management for as~-
signed armament systems/materiel. As SMCA, it has responsibility for pro-
curement, production and wholesale management of common~user conventional
ammunition for the Army, Navy, and Air Force.

ARRCOM's materiel assignments include artillery, infantry, air defense
guns, surface vehicle and aircraft mounted weapons systems, rocket and mis~
sile warhead sections, demolition munitions, offensive and defensive chemi-
cal materiel and related training equipment, test equipment, and tools.
ARRCOM directs operations of four assigned arsenals, a Government-~owned,
Government-operated ammunition plant, twenty-seven Government-owned, con-
tractor-operated (GOCO) ammunition plants, and an Army ammunition
activity.

ARRADCOM is responsible for all research, development, and life cycle
engineering of assigned weapon systems. Its mission also includes initial
low-rate production for conventional systems and life cycle procurement and
production for nuclear munitions. ARRADCOM also executes assigned missions
in support of other DOD elements having centralized management responsi-
bility for specific weapons systems or items. In addition to large-cali-
ber, small-caliber, mission support and headquarters staffs at Dover, NJ,
command elements include the Chemical Systems Laboratory and the Ballistics
Research Laboratory at Aberdeen Proving Ground, MD, and Benet Weapons
Laboratory at Watervliet, NY.

Integrated into ARRCOM's structure is the US Army Munitions Production
Base Modernization Agency (MPBMA). The Agency is responsible for project
management of the Munitions Production Base Modernization Program. The
Agency exercises centralized management authority over the planning, direc-
tion, control and execution of the Program at all US Army Ammunition Plants
and arsenals. A significant amount of interface between the MPBMA, ARRCOM,
ARRADCOM, Air Force and Navy is necessary to assure integration of the MMT
Program into related modernization plans.

15
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AMMUNITION PROGRAM

Bridging the technology gap, particularly in those areas that have no
civilian counterpart, is a challenging task for the Ammunition MMT Pro-
gram. In many respects, the Ammunition program presents unique problems
which require innovative solutions. Practically all current operations in~
volve a great many hand operations, and methods must be found to efficient~
ly mechanize these. Batch processes must be converted to continuous pro-
cesses in order to take advantage of new materials handling techniques and
to improve the safety of operations.

The primary objective of the Ammunitions Manufacturing Technology
Program is to improve existing manufacturing processes, techniques and
equipment. The second objective is to bridge the gap between development
and full-scale production. The third objective is to solve technological
problems identified in the program.

The Manufacturing Methods and Technology effort in the Load, Assemble
and Pack area is guided by four major program goals; improved economy of
operation, improved safety conditions for operating personnel, establish-
ment of a rapid response production capability, and improvements in the
quality of the end product produced. All of these goals must be accom-
plished within the standards and criteria established for pollution abate~
ment and energy conservation.

Recent changes in policy and guidance have required Process Technology
Projects to be cost effective within the timeframe and procurement quan=-
tities of the Five Year Defense Plan (FYDP). The challange of introducing
new technology within this guidance is being met by developing systems with
the flexibility to produce many items, establishing an optimum balance be-
tween system simplicity and process operational requirements, and providing
equipment designs capable of high efficiency operation to achieve cost
effective system operations.

Due to the inherently hazardous nature of munitions production, an ex-
tensive program has been undertaken to upgrade the safety of explosive pre-
paration equipment, loading equipment, and assembly systems. The MMT Pro~
gram relating to the upgrading of the operational safety of loading lines
is a continuation of current efforts. This program will define and inves~—
tigate specific operational safety hazards, and will develop equipment and
systems to reduce operator exposures and risks.
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WEAPONS PROGRAM

The US Army Armament Materiel Readiness Command (ARRCOM), headquartered
at Rock Island, IL, has responsibility for MMT projects on weapons in full
scale production. ARRADCOM is responsible for MMT projects for weapons in
development or initial production. Most of the weapons projects are per=
formed through Watervliet Arsenal (WVA) and Rock Island Arsenal (RIA). The
main emphasis of the weapons MMT program is the modernization and upgrading
of operations through the REARM program. The purpose is to reduce costs
and improve product quality by taking advantage of the advances in metalx
working technology.

Many of the projects planned for FY81<85 at Watervliet Arsenal are
related, in whole or in part, to the handling and fixturing of cannon tubes
and their components. Since many items produced at Watervliet are large,
complex and/or require close tolerances, the setup and movement time are
important cost drivers.

A major cost driver at WVA is metal removal. Since the alloys used in
weapons are expensive and difficult to work, producing components close to
final shape will reduce the cost and time required for finishing. Methods
being explored include hot isostatic pressing (HIP) and powder metallurgy
(PM). Projects are also proposed to improve the metal removal process.
High speed metal removal is addressed in several projects as are efforts
proposed to perform multiple operations at one time. Some of the other
areas in the Watervliet submission include group technology, computer=aided
manufacturing, non<traditional surface hardening methods, chromium plating,
and finding substitutes for critical materials.

Cost reductions and productivity increases in manufacturing continue to
be the prime objectives of MMT at Rock Island Arsenal. Because RIA is a
jobsshop organization, administration and planning overhead is a signifi-=
cant cost driver. By developing an integrated computer=-aided manufactur-
ing/managment information system the Arsenal will be able to efficiently
control all operations from receipt of an order to delivery of the pro=*
duct. Some of the management areas addressed include process modeling,
performance measurement, computer-aided work measurement system, and online
production information system. Cost benefits are also expected from
improved material handling and in-process control projects which are tied
into the overall CAM/MIS effort at RIA. Efforts in this area include robot
loading of machines, and automated process control.

Since RIA's task is primarily metalworking, there are several projects
included in this area. While all efforts will in themselves reduce costs,
coupling with the Arsenal's overall CAM/MIS will further increase the bene=
fits. Some of the areas covered include casting, welding, and electro=
chemical grinding.
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Minimizing energy consumption and pollution during manufacturing is a
national priority and an important part of RIA's MMT submission. Areas
being studied include heat recovery, and optimized heat treatment proces-—
ses. As anti-pollution requirements become more stringent, it is necessary
for manufacturers to improve their environmental posture while maintaining
a competitive position or face close down by economic or legal factors.
Rock Island Arsenal's MMT submission will correct present environmental
difficulties and help prevent future ones so that the Arsenal's vital
defense role will not be jeopardized.

Improved metalworking methods and increased use of computer-aided manu-
facturing are major production trends and the results of the projects in
this submission are expected to hold significant interest for other produc~
ers, both Goverament and non-government. These projects will also be of
importance in the modernization and upgrading of the facilities of weapons
contractors, many of which are seriously outdated.
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US ARMY AVIATION RESEARCH AND DEVELOPMENT COMMAND

(AVRADCOM)

The US Army Aviation Research and Development Command (AVRADCOM), with
headquarters at St. Louis, MO, is responsible for Army aviation research,
development, product improvement, acquisition of assigned materiel, initial
procurement, and production. The Command directs the Research and Technol-
ogy Laboratories with headquarters at NASA - Ames Research Center, Moffett
Field, CA; US Army Avionics Agency and Laboratory, Fort Monmouth, NJ;
Applied Technology Laboratory at Ft. Eustis, VA; US Army Bell Plant Activ-
ity, Fort Worth, TX; and the US Army Hughes Plant Activity, Culver City,
CA. Three project managers, Aircraft Survivability Equipment, CH-47 Mod-~
ernization Program, and Navigation/Control Systems, are located at
AVRADCOM. PM Advanced Attack Helicopter (AAH) and PM Blackhawk are located
at AVRADCOM, but are under the direct control of HQ, DARCOM.

The overall emphasis of the Army's aviation MMT program is to perfect
technologies which have a good probability of implementation and high
potential benefits. For the most part, efforts are directed towards pro-
jects which offer both cost reductions and product improvements. The
results of these projects will be made available to other Government agen-
cies and to Industry.

The most important criteria of aircraft materials are strength and low
weight. A large part of the aviation MMT program is dedicated to estab~
lishing processes to replace metals with materials which have better
strength to weight ratios. Composite materials suitable for aviation have
been developed and are being used; however, techniques for the production
and application of composites need further development to achieve increased
use.

The use of composite materials in Army aircraft is anticipated to
increase as a result of current work in R&D and MT leading to an all~com~
posite helicopter fuselage. Raw material costs are expected to decrease
with the increased use of composites in DOD and Industry. Also, as confi-
dence in the use of composites increases, reservations held by the design
and (quality control groups) will diminish, and composites will be incor-
porated in the earliest stages of weapon development. This will result in
increases in MMT work.

Composite projects are planned for virtually every part of the helicop~
ter. Several projects are planned in the airframe area. One will estab-
lish manufacturing methods for application of composites to a main fuselage
primary structure (the rear fuselage of the Blackhawk). A project planned
in the rotor area will establish a manufacturing process for the main rotor
blade of the Blackhawk. In the drive area, one project will focus on the
drive shaft and another will result in methods for manufacturing a gearbox
housing.
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Several projects will attack technical problem areas that affect all
composite manufacturing. These projects address automation of cutting and
layup operations, and improvements in machining, fastening, and new
materials. The development of automated techniques will be pursued in
cooperation with the Air Force, the lead service in this area.

Perhaps the most significant project areas in terms of advancing conm-
posites manufacturing and usage is in the development of improved and new
quality control techniques. Projects planned in this area will address
materials characterization, in-process controls, and non~destructive evalu-
ation. These projects will ensure optimum processing and material perfor-
mance, which will increase confidence in composites.

There are many areas in aircraft in which metals can not be replaced.
Projects have been submitted to improve production of these items. Since
many aircraft metals used in the propulsion system are tough and expensive,
machining to final shape is difficult and produces costly scrap. Improving
powder metal technology will provide components much closer to final shape,
greatly reducing the time and effort to produce the final product. Several
projects are included to implement recent advances in gear manufacturing
and should provide an improved item at a lower cost. Projects are also
planned to find ways of repairing rather than scrapping complex items which
are damaged in the manufacturing process. An effort is planned to replace
metal turbine blades with ceramic blades. This will provide better operat-
ing characteristics at lower cost.
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COMMUNICATIONS & ELECTRONICS COMMAND (CECOM)
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US ARMY COMMUNICATIONS AND ELECTRONICS COMMAND
(CECOM)

The US Army Communications and Electronics Command (CECOM), headquart-
ered at Ft. Monmouth, NJ, is responsible for research, development, pro-
duction, and fielding of communications, tactical data, and command and
control systems for the Army. CECOM consists of laboratory and technical
support segments and Project Managers of Multi-Service Communications
System (MSCS), Army Tactical Communications System (ATACS), and project
managed elements of Army Tactical Data Systems (ARTADS), i.e., Tactical
Fire Control System (TACFIRE), Missile Minder (AN/TSQ-37), Tactical
Operations System (TOS), and Position Location Reporting System (PLRS).

CECOM's planned projects cover a variety of electronics problems with
special emphasis on computer applications and circuit technology. Projects
support efficient manufacturing of custom components for use in future
tactical radios.

Video disc information storage is a possible technology for an elec-
tronic system for the dissemination of training, technical, and doctrinal
data. A project will investigate methods to reduce the cost of mastering
and duplicating the discs.

Several projects will obtain the necessary manufacturing technology for
the precision crystals and temperature compensated resonators needed to
meet the frequency stability requirements of Army tactical radios.

Program funding in the out-years largely anticipates micro-electronics
as the driving force in componentry and built—-in test capability for com~
mand, control, and communications systems. Computer~dominated method-
ologies are inherent in such areas as design, manufacture,and manufacturing
documentation for communications systems and are expected to be of particu-
lar value for the short lead time, low volume production anticipated for
future equipment and systems.
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US ARMY ELECTRONICS RESEARCH AND DEVELOPMENT COMMAND

(ERADCOM)

ERADCOM is the Army's focal point for electronics research, development
and acquisition (RDA) activities, and maintains programs in such areas as
electronics signal intelligence, electronic warfare, atmospheric sciences,
target acquisitions and combat surveillance, electronic fuzing, radars,
sensors, night vision, radar frequency and optical devices, nuclear weapons
effects, instrumentation and simulation, and fluidics.

Seven laboratoires are integrated into ERADCOM's structure. These
laboratories are product oriented and as a result can identify major pro-
blem areas where applied MMT efforts can provide important benefits.
Although ERADCOM and its laboratories identify and manage projects, the
bulk of the actual work is contracted out to industry.

A major area of interest is developing legible tactical displays which
are suitable for military use. Because of operational limitations in legi-
bility, power requirements, weight and RAM (reliability, availability and
maintainability) characteristics conventional displays are unacceptable.
New technologies for rugged flat panel displays which can satisfy these
requirements are now in development but need improved manufacturing methods
for effective production.

Improving sighting capabilities is an area of prime concern to all the
Services. Several projects for significant improvements in production
techniques for image intensifiers are included in the Plan. The develop-
ment of millimeter wave and infrared laser systems for all-weather and
smoke fighting is being pursued. This will require the development of new
control systems and subsystems. Improved techniques will be needed to
insure the quality and quantity of such systems. Projects are also
included that deal with thermal optical systems. These include the present
generation Common Modules and future second generation systems such as the
ATAC and MISTAF FLIRS (Forward Looking Infrared Systems) and the Thermal
Weapon Sight (TIWS).
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US ARMY MATERIALS AND MECHANICS RESEARCH CENTER

(AMMRC)

The Army Materials and Mechanics Research Center (AMMRC) is designated
the DARCOM Lead Laboratory for Materials Testing Technology. In this role,
AMMRC 1s responsible for management and direction of the DARCOM materials
testing technology activities and formulation of the Materials Testing
Technology (MIT) Program. This program formulation is accomplished by
identifying and defining materials testing problem areas in response to
system requirements of the DARCOM R&D and Readiness Commands and Project
Managers utilizing materials testing technology. The Lead Laboratory
mission also encompasses the advising and assisting of the major sub+
ordinate commands and Project Managers in the utilization of Materials
Testing Technology in order to assure a smooth transition from the develop-=
mental to the production phases of the life cycle. Concurrent with the
above responsibilities is the furnishing of technical assistance in the
application of methods and techniques in solving material problems in
connection with procured items.

The MIT Program has shown a steady growth over the last several years,
from 2.5 million dollars in FY 73 to 4.5 million dollars in FY 79. This
growth has been largely due to the increased participation in the Program
by DARCOM Project Managers, as well as increased attention to the Program
by DARCOM Quality Assurance managers. Another increasing trend within the
MMT Program has also been the directing of more and more testing related
projects to the MIT Program. Specific areas of effort are as follows:

a. Automated Testing

One of the primary needs in NDT and in inspection in general is to re=~
move the decision=making from the inspector where possible. In FY 80 and
beyond efforts will be intensively directed toward providing engineering
prototype systems utilizing automated decision-=making. These include auto*
mated radiographic and ultrasonic techniques, optical/laser techniques, and
computerized chemical analysis. The ultimate goal in all automated testing
systems is the essential feedback to the total system for automated process
control.

b. Predictive Failure

The need for diagnostic measurement techniques for anticipation of
catastrophic failure and for the measurement of remaining life, both in
operating equipment and in units being overhauled and rebuilt, presents a
tremendous opportunity for cost savings and reliability improvement. A
principal thrust has come from the loss of diagnostics and in-situ measure*
ments adjunct to non-~destructive testing represents the real time use of
NDT techniques with analysis and decision elements built in.
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¢c. Materials

As the newer materials are utilized in major weapon systems, it is im-
perative that new and/or improved inspection techniques be available to
measure characteristics or parameters to assure adequate and reliable per-~
formance. Of particular interest in the next five years are composites,
elastomers, plastics, and ceramics, with continuing interest in metals and
energetics (explosives, pyrotechnics, and propellants).

d. Techniques

Specifically covered in the objectives of the MIT Program is the in-
vestigation of specific physical principles which can potentially offer
significant improvement in semnsitivity, cost, portability, or speed, and
combination of these. The development and application of techniques, such
as ultrasonics, infrared, holography, spectroscopy, chromatography, etc,
can significantly improve DARCOM materiel and offer substantial improvement
in process control.

The MTT Program effected a test method categories classification change
in FY 1980 to more accurately reflect certain current technology in-
terests. Historically, the Program has always included the testing of
electronic materials and materiel under one of three broad test method
categories: nondestructive, chemical, or mechanical testing. However,
electronic materials and materiel are often used in highly mission-critical
applications and they usually employ and reflect advanced and sophisticated
technologies, not only in their production but in their quality assurance
inspection procedures. It was therefore determined that it would be in the
best interest of the overall MTT Program to provide enhanced visibility to
this highly relevant subject. Accordingly (starting in FY 1983), a fourth
MIT test method category was established; namely, "Electronics”.
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US ARMY MOBILITY EQUIPMENT RESEARCH AND DEVELOPMENT COMMAND

(MERADCOM)

MERADCOM, located at Fort Belvoir, VA, conducts a widely diversified
program to improve the Army's combat readiness in four major areas: bar-
rier and counterbarrier systems; countersurveillance systems; energy and
environmental systems; and supply distribution and construction equipment
systems.

Procurements for items under MERADCOM's cognizance are placed with the
private sector, and much of MERADCOM's MMT effort is accomplished by the
private sector.

To address the problem of increased system acquisition costs, MERADCOM
has identified major problem areas where improved manufacturing technology
is needed. Major problem areas confronting MERADCOM include:

a. Limitations of High Temperature Super Alloy Components of Gas
Turbine Engines. A limiting factor in the life and performance of gas tur-
bines is the ability of the components to withstand the abrasive and cor-
rosive environment at peak operating temperatures. Super alloy metals uti-
lizing strategic materials are limited to 1750°F operating temperature and
are subject to catastrophic failure when subjected to high dust concentra-
tions or corrosive atmosphere such as salt. Thermal efficiency can be
improved by increasing peak cycle temperature currently limited by maximum
operating temperature of materials of the burner, turbine inlet nozzle, and
turbine wheel. The most critical component for damage due to wear and cor~
rosion is the turbine nozzle. Materials are needed which have increased
operating temperature limits and improved resistance to corrosion and
abrasive wear at a reasonable cost.

.b. Providing Military Bridges at Moderate Cost, Which Have High
Mobility and High Emplacement Speeds While Retaining The Ability to
Withstand the Abusive Treatment Inherent in the Battlefield Environment.
High strength, low density composite materials in both organic and/or
metallic matrix appear to offer great promise for solutions to this
problem. Increased production of high strength fiber materials has reduced
materials cost. Techniques for the fabrication and installation of these
materials into usable bridge compohents is the area in which large cost
reductions are possible. The reduction of presently used labor intensive
methods, through the application of automated processes, will reduce
component costs. Initial design in these materials offer improved
performance due to the flexibility possible in material configuration.
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US ARMY MISSILE COMMAND
(MICOM)

The US Army Missile Command is located at Redstone Arsenal, AL, and is
responsible for research, development, and acquisition of missile systems
for the Army. Facilities include flight test ranges, laboratories, and a
simulation center.

Major systems managed by special project offices include STINGER
(Shoulder~Fired Air Defense Guided Missile), US ROLAND (All-Weather Air De~
fense Missile System), MLRS (Multiple Launched Rocket System), Viper
(Short-Range Anti-Tank Weapon), HELLFIRE (Helicopter-Carried Air-To-Ground
Missile), PERSHING (400-Mile Range Air-To-Ground Missile) and the 2.75 Inch
Air-To-Ground Rocket. MICOM is also the Army's center for laser research
and manages efforts to apply lasers in missile guidance and as weapons.

MICOM supports technological thrusts in the following electronics
areas: (1) Manufacturing techniques for multiple chips employing multiple
technologies that are projected to be in the mainstream of the semiconduc-
tor marketplace for many years to come. (2) Electronic computer-aided
manufacturing and hybrid computer-aided design and manufacturing in order
to automate microelectronic production lines and therefore improve pro—
ductivity, increase fabrication speed and decrease unit cost. (3) Elimi~
nation of precious metals from military hybrid micro~circuits and their re-
placement with materials which are universally available and economically
attractive.

A major thrust in MICOM's MMT Program is guidance systems. A large
amount of this effort is planned for work on gyros, printed circuits, and
seekers. Improvements in the gyro can be made by addressing proposals in
new machining methods and assembly techniques. Efforts in the electronics
area include projects on plated-through holes, thin foils, wave soldering,
and cleanliness criteria. The seeker area includes work on infrared
optics, radio frequency, and laser optics. Other work planned on guidance
systems include projects for windows and radomes, optics, and hybrid cir-
cuits.

Another thrust area is missile structures, which includes projects for
airframes using metal, plastic, or composites. Efforts for composite air-
frames will address filament winding, inner shell forming and missile sub-~
strutures. New joining, machining, and forming technologies will be
investigated and applied.

Proposals in the area of test equipment include work on electrical,
x-ray, neutron and hydraulic equipment. Calibration efforts include in-
frared testing of PC boards, digital fault isolation, and automatic circuit

tuning.
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US ARMY TANK~AUTOMOTIVE COMMAND

(TACOM)

The US Army Tank and Automotive Command is located in Warrem, MI, and
has the mission of developing, acquiring, and fielding tracked and wheeled
military combat, tactical, and general purpose vehicles. The mission is
worldwide in scope and includes among its customers all of the US military
services, and friendly foreign nations. The production base for mission
items is made up of both private and government-owned contractor-operated
facilities. MMT efforts are accomplished partially in-house and partially
out-of-house. The TACOM MMT program is separated into six categories:
armor, general, drive system, track, suspension, and vehicle body.

The main requirements in the field of armor are to increase the ballis-
tic tolerance of conventional armor while reducing its overall weight, and
develop new lightweight armor for the high speed, high survivability vehi-
cles which are currently being evaluated in field tests. To meet these
requirements, the Command is emphasizing Electro-Slag Remelt (ESR) steel
armor, combination type armor and the application of spall surpressive
armor to the interior walls of combat vehicles to reduce the overall bal-
listic threat. To pursue these new armor developments, it will be neces-
sary to have commerically available joining processes so that these new
armors can be used cost effectively in production. TACOM has established
several MMT projects covering joining ESR steel armor, welding complex
alloys and shapes by laser, identifying electron beam welding applications,
and optimizing both welding procedures and ultrasonic inspection of welds.

In general support of combat and tactical vehicles, TACOM is actively
pursuing manufacturing technology in various areas. Projects are included
for non-corrosive materials, chemical joining techniques, use of advanced
microprocessors and multiplexing, high speed machining, and flexible
machining pilot lines for batch production. Several projects are also pro-
posed for the CAM area; these include a new machinery and equipment data
base, computer simulation of production, application of adaptive control
technology to vehicle components, and extension of CAD/CAM principles to
spare parts manufacture.

The major requirements for propulsion and track are to develop produc-
tion techniques to manufacture propulsion and drive systems for the MLl and
future tracked and non-tracked combat and tactical vehicles. Fabrication
and joining are of major concern. TACOM is actively pursuing production
development of advanced casting techniques for integrally cast compressors,
automated assembly line welding techniques, compliant joints to join metals
and non-metals, and automated laser machining of complex machine alloys.
Life cycle costs for various tactical and combat vehicles can be signifi-
cantly decreased by eliminating premature failure or extending service life
of components by reducing corrosion and deterioration. To support this
area, TACOM is endeavoring to bring on line ceramic reinforced combustors.
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The track and suspension category is constantly caught in the technical
dilemma of producing more advanced systems to meet the ever increasing
demands of higher performance in more adverse terrains while maintaining
the overall reliability and maintainability of the system at or near cur=
rent system costs. To achieve these objectives, the track area, as with
the other categories, has been sub-divided into major thrust areas for bet-
ter visibility and management control. These areas are general, rubber
pads, shoes, track sprockets, wedges and suspension components. In these
areas the general thrusts have been to introduce production techniques for
metal matrix composites, non-=metallic matrix composites, advanced rubber
compounds, advance elastomeric compounds, lightweight castings, hard sur-
face coatings and powder metallurgy.

In body/frame, the main thrusts are the conservation of fuel and mate-
rial. To meet these requirements the objective is to reduce the overall
weight of the vehicle, to increase its payload, and lower the life cycle
cost of the systems by reducing the corrosion and degradation of the mate-
rials of construction. Here the main areas of concern are coatings, light=
weight/composite structures, miscellaneous components, structural members,
suspension systems, and seats and fuel tanks. Within these areas, work
will be accomplished in elastic reservoir molding of reinforced trailer
module bodies to reduce weight and costs, rapid curing automotive paints,
new fungicidal paints, automated and computer controlled processes for
joining metals with adhesives, plastic cab tops, maintenance free batteries
with high impact resistance, and non-=corrosive, lightweight non=structural
tactical vehicle components.

208




e¢s16C

SeL
S2gT
00+%9
L1589
ggct
G20eT

S8Ad

01682

S18

0291

0529

g2Ls

0G6Lt

SIe2l

#8A4

869+4¢

9811

009

0066

096+

0L6

¢B0TI

£8A4

22681

959

528

ogLe

599¢

Leg

SelL

c8Ad

Ad VYV H NS

9

1889

005
Led
6STT
09¢
85811
LLtlg

18A4

(SANVSNOHL)

NIAaN

WOOV L

E|

aviot

XVl

W3LSAS NOISN3d4SNS
A ELED)

WILSAS 3ATH™D
uz«mm\»mom

mozmw

A¥0931V)

GNVY WHO 2

209




*SW3IT808d NOILNTT0d GNY 3MI4 GIOAY
0l INYHININD Vv SV S¥IWATOd 379VINTLA-UILVA 40 3ASN 3HL HSITEVIST - NOILNTOS

*S3WNd ONV 3IMOWS 40
SINNOWY 379YH3ICISNOD S1IW3 LI OGNV *S3IN¥I4 HININD J0 ALITIGVE0Yd IH1 SISVIUINI
SINVId 1V3¥l LVY3H NI WNIQ3W ONIHIN3IND 341 SY TIC 40 3SN IN3S3¥d 3IHL - W3IE0¥d
08T : ) ) SINVHINING H3IWATO0d = 3ITLIL (920
*SNOTLIAGY HA¥V3I 3uvY¥ HLIM SI3I3LS LV3I¥L 9L SINBINHIIL HSIT4AVISI - NOILNTOS

SONIMYW T331S NI S3ISS3DO0Ud
INIIONIAYIS OGNV OSNIZIGIX03d TYNQILNIANGD QG3ZITILN ST3I3LS YOoWdvV - W3INd0dd

00s ) 8 SIAILIOOV HLIYVI 3YvY HLIM 031v3¥l ST33LS HOWUY OGNV A0V - 31LIL (¥608)

*STAVIHdILYW UYOWYY 40 ININIOPL TIVIIWONOD3
GIdVY ¥Y0d4 SS3IJ0¥d M3IN SIHL ONIZITILN S3¥YNAII0¥d4 HSINEGVISI - NOILNTIOS

*Q31107dX3 N33G 10N SYH Wv3IE NOWLD313 40 3SN - W3I180¥d
gog Sy . ¥IV NI 9NICGT3M WV 3G NOYLI3IT3 ¥Y3IMOJ-HOIH - IJ7iI1 (8B80S)

: SAITHOLIIVISILIYS WMOd4¥3d
OhrkH4<DahzuHuHuu:mwm:ww<owououuZUmqwu:auzxuupzomhu:mommlonhbqom

*NOILONAO¥d NI Q311I0774X3 N3I38
10N SVH S3IUNSVIW IONVITIZAYNS LVI43I0 TUIA HIIHM STIVIAILVW 40 3ISN - W3IT80dd

0se oot SIVIYILVEH SIUNSVIWIILNNGD IJNVITIIAAUNS AJONONHIIL GAINVAQY - 3ITLIL (590G)

*S1S02 30N03Y¥ ANV S3IILYId0¥<d 3A0W4HI 01l SAI0W NI S3ivy
NOILYII4IQITN0S INITIOHINGD 304 SINDINHIIL NGILINAOYd NI HSITNEVLISI - NOILATOS

®$S300¥d 9INILISYD 40 39VINVAQY
3JHL L1I01d4X3 01 d3QHO0 NI ONILYVALN Q33N S3INTUINHIAL ONILSVI IN3S3IY¥Yd - WITE0¥d

I¢L <9l IONILSYD HOWYY MIIHL SSIANNOS (UNV NCILVIIJIGTITN0S QIAQYLWI - ITLIL (98GH)

*STAVIYILVW SNOYEI4 40 9NIGI3IA Wyv3d
NO¥iJ3373 40 NOILVIITddY ¥0d4 SINODINHIIL GILVWOLINY 1S0D M0 AJILN3GI - NOILINT0S

CALITTVAD QT3 3dnsSSy 0L
NOILVITJIQOW SIYIND3IY SAIVINILYW SNOYYId ¥0d ONIQIIM WviId NOY¥LJIITNI -~ W3INH0NUd

3
SLe SLT SININOdWOD SNOYY¥3d ¥C4d INIAQIIM Wv3F NO¥I23A3 - 3111 (8LGH)
*NOILVIINddV NOILONGOYd ¥O04 SOOHLIW 3IAIL23443 1S0D AJILNIQI - NOILNTOS

*SANHLIINW INIWHIVLILY X3T4W0D I™INH3N
1N8 INIW3A0OMAKI JILSINIVE 39¥VT IGTAGHd SA3ILSAS HOWMV NOILVNIBWOD - W3I180Nd

062 0Ge SITITHIA LVEW0OD 0L HOWYY NOILVYNIGWOD 40 INIWHIVLLIY - JILIL (LLGH)
AVEINIY --  LININOIKOD
o8 L) ¢8 c8 18 H0Id¥d EXRRXAEEFRERRFRE XA RN EFEN
* ) YOWYY*
{(000%) ONIANNS e e s m A — e —————-
921 14240 k] * A Y0923 1LV D *

NVYI14 HY3IA dATd L1WW IR R R R R R R R I E T

210




*a3a100Lls 38 0STIY TIIM SLINIOM GI3M
anv J<uuz<zuu: NOILVNIAQWOD &Q3LVOILSIANI 38 TTIM SLIYISNI TWIIW-I9 - NOILNTOS

CONIGTIN ¥04 TIVLI3W dJO 3dAL 3INO AQNdW3I AING SNIISIQ NOWYY LIN3¥¥ND - W3T180Y¥d
G8 } 8L2 STV I3W ¥YIIWISSIQ ONINIOP - 3TLIL (2aEH)
*1no
N3IA0¥d ANV #0399N0830 *Q3TIVLISNI ¢Q3N9ISIA 39 TTIM ATLNIYENINOD SLOECY 3FdHL
ONISN W3ILSAS 1060¥ V *Si090¥ IVIYASAANI INISN CG340713A3Q 39 17IM NOILVYIdLO
ONINVITO 1SVv18 3SID3d¥d 3YOW ONV $3AI10NQA0YUd Mmoz $¥31Sv4 v - NOILNT0S
SSYINYOM IHL ¥O04 NOILVNLIS AHLIVIHNN NV SILVIYI ANV $ONIWNSNOD
3WIL *3IATSNIANT ¥OGYT *WWNNYMW ST QOHLI3W LNI¥UND IHL *ONILNIVL 0L ¥OI¥d
isny ONV LNIY4 270 3A0W3Y 01 Q3INVITD ASVIE 3 ¥V SITVDIHIA 40 STINH - WITE0ud
g6l [49 } ONINVIT) 1SVI9 QILVKWOLAY HO4 SLOEO0Y IdAL0L0Y¥d IUIAOYEd - 3TLIL (T002)
>Qom\4421 <= IN3INOdWOD
*313 S9NIQTI3NM
J¥V VHSYVId *ONIOGNOG 3AISIHAV ¢SUYINISY4 ONIGYI¥HL 473S 4LV3INL LVv3IH ¥3ASY
$SININOJWOD WNIV LSVYI 3ANTIINI 3S3HL *94W SAd Y04 S3ISSIJ0YJ IAOUJUI - NOILNTOS
*ATIVITWONODI 3JUOW QIUNLIVANNYW I8 01 SAd IHL 379vnN3 T1TIM SIHL
*WILSAS IN3HYND 3+l CL SITSO0TONHI3ZL A3N OINILVYOLYCINI A8 QIAONJHWI 38 NVID SAd
3HL 40 94W 3IHL NI (3A07dW3 S3ISS3I0¥d ININNLIVANNYW GNY STIVINILVW - WITNS0Y¥d

g0se 000¢ a60¢ 0941 9ve 8¢S AJ0TONHI31 94W-3IIHIA LVEWOD SA4 - 3TLIL (650D

211

313 *ONINIHIVH

G3ILSISSY ATIVWHIHL $SYOLSNGWOD JIWVYID ¢SAOTIV IVLISAUIONOW *SAOTY

d434dNS 3ISVE ANIIN ¥SY ¢S3TZZON INIGUNL dH 1SVYI-Ig *INIZITIVLIIW Q3LVWOLNY
¢ONILLIND T¥WAUIHL 3ANTIINI 3SIHL *934W TWX ¥0d SISSIIOUJ IA0HDWI - NOILNTIOS

CATIVOIWONDODI 3MOW QIUNLIVANNYA 39, 0L TWX IHL 379YNIF 11IM SIHL
*WILSAS IN3IHYND 341 0L S3ITOO0TONHIIL M3IN INILVYOJYOINI A9 QGIAOYUAWI 39 NVI TWX
3L 40 9d4W 3HL NI UG3A0dW3 S3SSIJ0Md ININNLIIVINNYW ONYV SIVIUILVW - WI180Y¥d

goos 000L 0059 0S9¢ 1981 8801 AS0TONHIIL 9 4W~372IHIA LVEWOD T-#WX - IILIL (L509)

*ALIAILINQOYd
INISYIYONI UNY SINIWIINOIY ¥INOINVW ONIOINAIY SNHL ATGTAVY 3JWOW QIHSITdWOIIY
38 0L ONIGTIM LIH¥3d 17IM_S3ISSIDON¥d 9NIQTIM NOILIS04IQ HOIH. = NOILNTIOS

*3YNLIVANNY S IIITHIA UYOWYY NI
d3IATIHA L1SCD HOPYHW ¥V SI LI 1S0D HIIH ONY 3AISNIINI ¥04v1 SI 9NIQTIM - WIIEO0Ud-

0aT 009 0oL 6SY HOWYY Y04 SASSIVN0Md 9NIGIIM NOTILIS0dIAQ HOIH - ITLIL (8E09)

(G3INNILNOD) TYYINI9 -~-  LNINCAWOD

S8 ¥8 £8 c8 18 ¥y0Iyd

(000%) ONIOGNNA

9¢1 LWoHa SJy
NViId ¥V3A 3AId4d IWNW

L



00t
oo0g gos
088 00¢ 00§ 008G
00¢% gog 08T
061 0g¢g
S8 ¥8 £8 - 4]

(0003%) ONIONNA

Y YR I EER FR T

* WV Y4/7A008«
e e i}
* A ¥ 0O 93 1vVv 3D x

IS A EE R EERER SIS REEREE SR RS

CATILVIOA3WWYI 30VW 39 AVW SYIV43IY¥ *3QviW ST O3 3IHL SY ALITTVAD
G73M YOLlINOW *INIWJINDI INICQTIIA IHL HIIA J3ISN ¢SYOSANIS JILSN0IY - NOILNTIOS

378Y 1739 A7VYLI0L 10N JNY ATIIS0D 3dv SQOHL3IW NOILI34SNI
JIHAVYI0IAVY S HOWAY HLIIM SY HONS 9NIQIIM AAVIH 40 S3SS3A00¥d NI - WI180¥d

ONIYOLINOW (73R NOISSIW3 JI1SN0JV 40 NOIIVWOLNY ONY NOILGVAY - 37ILIL (£409)

SSNOILVYId0 ONTHSINIL ATTLS00 ANVA INIJVUNIWITII ¥C ONIONA3Y AGIY3HL
€S3ONVAYITIOL 3S07TI 3IN00¥d OL 3718Y SI SSI00¥4 INILISYD QI0W ININIWY¥3I4 - NOILNI0S

SHSINI4 0L ONINIHOVA 3ANISN3ILX3 OGNV JAISNILX3
JYIND3IY HOTHM SONION04 3J¥V *SAIIN AWdvV 341 01 3INDINN ¢S1dVd ANVW - W3IT80dd

SONILSYD T331S 3dVHS 1IN ¥0d CG0W LITdS LN3INVWH3Id - 37T1IL (8909)

‘ *0UINOD ¥ILNAWOD

GNY SSISATVYNY SSI¥LS $A90TONHIIL ANOSNIS ¢TOYLNOD SSID0¥4 9NIQIIN 40

SY3¥y NI 39 17IM 3SILY¥YIAL3 *(1Ind IW) NOTLIVIITddV 3INO SSIWAAY 0L ASOTONHIIL
ONY 3ST1¥3dX3 ONILSIX3 3LVY¥9ILNI 01 WY¥90dd GILVNIOGHO0D v 3INVLYIANA - NOILNTOS

: V09 OQ3AITHIVAN
z<#m>w<wHwhmouuqu»uu:oumcqsouIuHxsonh<x0hD<.»JhWOthcz

JHL SONINIHIVW ¥3ILJY ONV JAISNILNT d09VT LS0W 3 HLI SI INICQTIIN SONIUNLOVINNY W
SITIIHIA LVERWOD QIANIVYL NI G3A0TdWI S3ISSIIVUJ ONINYOM TY1I3W 1V 40 -~ W3IT80Ud

€56 NOTLV ¥93INI SWILISAS ONIGIIM - ITLIL (E509)
*S$3583304d 9NICTIIM NOILISOd3Q HOIH d0d
G3HSITEYL1ST 38 1IN SHILIWVYUV A SS3D04d *STUOY¥LNOD TVITUIWNAN HITIM J¥Y YHSYd
IONISN ATQIdVY 31YTd WANIWNTIV AAVIH 103 0L ALTIIGYdYI 3IHL HSITEGVLIS3I - NOILNTOS
*H08Y T IVANV R
40 V30 1v3¥9 YV SIYINDIY ¥3ILVIO0L S3IJ3II4 3FHL INICGI3IRM ANV SHNOLNOD G3I4I03dS
0L 31Vld WNANIWNIY AAY3H SIHL 9NILIND *31VTd WANTIWNTIY AAV3H WOMd O31v2Idgvd
3Y¥V SIN3NOdWOD ¥I3IHL OGNV S77Nd 3TIDIHIA YOI UI3VL OGNV 1vEW0D ANYMW - W3T90¥d
139 NOL1VIIYEY 4 31Vid WANIWNY AAVIH - 37111 (160%5)

*ALIAILOV TvWY¥IHL GNYV AOT4 QINT4
G3INVAQY 40 SISATYNY ¥3ILINdW0I TVLIISIQ A8 S3SS3J0¥d ONILSVYI 3ZIWILHO0 - NOCILNT0S

SA9HINI OGNV STIVIYALVW MYY 40 TIN43LSYM WV S3ISSII0¥d INILSYI AMONAOS - W3IN90¥d

0g - 996 “SATYNY WYIHL + MOT4 QINT4 9NISA $3SSIN0¥d INTLSYD ANONNOL = IILIL (4106
(GIANNILNOD) AQO8/71TI0H == IN3NGdWOD
I8 ¥0Iud
9¢1 1W3¥a SJd

NVId ¥v3IA 3ATd LWHW

212




*SINODINHIIL
NOILONAOYd HSITNEVLIS3 ONV S1¥Vd 40 WNWINIW V ONISH IVI¥3LVW DJTI7IVI3NW
=NON WOYd SIN3NOJWOI 3ITITHIA ONIGTOW 40 ALITIGISY3d4 JLVAIIVA - NOILNTOS
| *031dvayv 38 GIN02
ONY 37GYTIVAV 34V STIVIYILVW JITIVLI3IW-NON MIN *300¥¥0D 01 ON3IL ONV L1HOI3M NI
JAISS3IOX3 34V ONV STIVLI3IW WO¥d 3QVW ¥V SININOGKOD JITIITHIA 1INIYUND - WITE0Ud
0s2 ooe S3ITIIH3A W10l IIIVIIW-NON 04" SINDINHIIL INIYNLIVANNYM - 3T1IL (SH0G)

“S3ITMNAGW ¥3TIvyl ¥0d4 S31008 QIADUOINIIN
ONIQTI0W HIOAYISIY JILSVII INISN 40 ALITNIGISVI4 3HL HSINEYLISI - NOILNI0S

*S3I1Q0d 313 IH3A W UNLINYLS-NON $DTLSVId
IV 3IZITILN 0L S3INOINKHIIL d40713A30 0L (G31¥3IXI SVM LY0dd43 WNWINIW — HW3TE0dd

80¢ 002 . (W¥3Y SITINAOK ¥ITIVHL TYINIWNOWIANI JILSVId QILVINSNI - IT1IL (6£085)
SIYNLINYLS 31ISOLHOD/LHITINLHOLIT =~ ININOJKOD

*NOTLINI0S ¥ SY ou~4n&< anv ouw<3w<>u 38 I7IM IS3IHL ANV
$W378048d SIHL 0L SHIASNY 3I79ISSOd TVY3IAJIS G3IATAOHd SVH AD0TONHIIL - NOILNTOS

“LINS3H NV3 s3¥1d SA0I¥AS °3ITIIHIA 3Hl S1Id
U4 AWINI 41 OYVZVH TVOILIND v 3¥¢ 3ITDIHIA ¥V NI SUINIVINOD 13Nd- - W3ITNE0Y¥d

oo¢ . : W3ILSAS NOISSIUddNS NOISOIdX3I IAISSYd - ITLIL (TL8D)

SY¥NYL 1304 --  ININOCWOD

*SINIVd G3d0713A30 AIAIN 3HL ONIATddV 404 SOOHLIIW MIN d013IA3A - NOILATIOS

213

) *vad 3H1
A8 G3IA0Y¥ddVSIQ NI3IE IAVH SIQIDIONNI=ILNV TVLIW HLIM LINIVd Q70 3HL - W3I190¥d

0s¢e 0s2 00t INIVd JIXOINON MIAN NOILYOITddY 3IHL ¥0d4 SIANDINHIFL NOILINGOY¥d - IIiIl (2T09)

*13374 370TH3IA TVIILIVL 3HL 40 SININOAWCI 3JHL 01 SONTLVOD WINILVW
JAISOYYO0I-TIINY ONIAdAY ATIVIIWONCII 40 SINDINHI3L HSITNEVISI - NOILNT0S

C*INIWNOYIANT 3IHL A9 Q3ILVYOTY¥YIL13IG IYVY SININOAWOD DJITIVIIW - W3TE0dUd

ooY st gsT 00¢ 0g ) . wu:oﬂzzuwh NV STVINILVAW JAISOYHOI-TILNV A3N - 3TLIL (3906)

*LINIANOYIANI ANV OLNI aONITG OL ¥dCTI0D
A9NVHD 1IN HITHM SONTLIVOD 40-NOTLIVIIiddvY ¥0d4 SSIJ0¥d HSINEVISI - NOILNATOS

: *NOILIONOD TVINIWNOYIANT
YO/GNV NIVY¥Y3IL AY3A3 HLIM ONITE 10N 0Q SY0TI03 ITITHIA AWHVY - HW3IT80Ud

cWa SITIIHIA LVEWOD ¥04 SONILVOD 9NILJY QY ¥O0I0D IVAINIWNOWIANI - 371I1 (L%0G)

) INILVOD -- ININCJWO3

68 v8 e c¢8 18 ¥01Iyd

C000%) ONIOGNNS ,
9ct 1W¥a Sy
NYId HVIA 3JAI4 LWW

\




ooe gog 0Ge
0ct
091 6C¢
0G¢ 00¢
ao¢e 0o0c¢
e v @8 es 18 worwd

(000%) ONIANNS

*SZTI0IH3IA Q3H0W¥Y Ol SWILI 40

INIWHOVLILY 3HL Ol wZWDzom 3IASIHAY 9NTIATdY ¥0d4 S$S3D0¥d Y HSITEYISI .- NOILNT0S

*LIN3IWNOY¥IANI NOILONGOY¥d 341 NI NOTLVIINddV S1I ¥0d4 SNOILIONOD

ANV S3IAISIHAY WNWILHO HSITEY 1S3 01 3N

00 39 Ol SQO3AN MY0M 1Ing ¢Q3HSINEVYLIS3

N338 SVH 9NICT3IM 40 30vid NI SIAISIHAV ONISN 40 ALITIGISYI4 3HL - W3N890¥d

SAINIWHOVLLY ITIIIHIA TWIILIVL ¥04 SIAISIHAVY - 3TLIL

SIN3NOJWOD ONITIVW3S AV3dHl 3T9VIIVAV 43

*SU3INILSVY (3QV3IYHL

*3YNLIVANNYK 3TDIHIA NI 35S0 ¥04d~
ZIWILd0 ATddV ONv 3INIWY3IL3Q - NOILNTOS

404 SNV3IW IONIMOOT IN3IJId43 L1SOW 3HL

40 ANVW Siv3430 NOILYYIHO 3TDIHIA AYVIITIWA NI MIOHS OGNV NOILVHYIA - W3780¥d

SINV VIS ONV S3AIS3IHAV ININIO0T-¥INILISVL Q3IQVIHHL - 37111

*S3Z1IS Ay3aliivg

AYVLIITIN ¥39¥V NI G3ISVIT3IY AQVIYTIVY

1d3IN0D 3344 IINVNIINIVW 3IHL JLVAOWOIIV 0L ONV SINIW3ININDIY IONVWUOLA¥3d
01314 3SVY3UOINI 0L ¥IAINIVINOD JTiSVd LIVAWI HOIH RMIN 30IAOHd - NOILATIOS

Ad3Live SI 3IHNTIVY A¥311va ITOTHIA

*39YNVINE HANIVINOGD
YILL3VL 40 3SAVI YOPVW 3HL - W3T80¥d

A¥3ILiva 39V¥0LS 3ITDIHIA YIILOVLI - 3711l

SININQO4KWOD JISIW --

“NOQILVIINEYS HOWMY 0L G3TI7dd4¥ 389 NVI

GNV SATI8YIN3Y SATIMIIND WNINIWNIY ONV 13315 SONOY INIGNOG 3AISOT4dX3 - NOILINT0S

*S3SS330¥d MOIS OGNV 3JAISN3IdXI *3IWOSY3IGWNI A9 ATINO i3
38 AVW WNINIWATV OGNV 1331S 40 SITT4 3LVNYILTY ONOD OL . SINIW3¥INDIY - W3TH0¥d

STIVIY3LVH

IT7YWH0S LHOIIAMLIHOIT WOY4 SW3ILT ONI

001 3YV SONIJWVLIS 1331S WOYd 3AVM
AT8W3SSY Y

(O3NNILNGD)

9ct 1W2¥a 82y
NV¥Id d4V3A 3AI1d LWW

311IS0dW02 40 wzHozom 3JAIS071dX3 - 37111

*2i1svd
MNLOY4NNYW AS LH9T3M 32003 - NOILAT0S

*14I7 0L NVYW 3INO ¥04 AAvV3H
ATBWISSY ¥3ANIA/QO00H IN3IJ¥ND - WITE0dd

JIGN3I4Z7000H dN-1711 LHOI3MLIHO9IN - 37111

SIYNLINYLS ILISOOWOD/LHIIINLIHOIA ==

{(%309)

(690%5)

(6108)

IN3INCdWO0D

(8509)

(8909

ININCdHOD

214




*AINIIOI443 73Nd ONY JONVWHOJYId GIAOUWI
¢$S1S00 ¥3INOT IAIIHIV TIIM SNOILVYIL0 ONTIYNLOVINNVW JAISNILNI ¥0dv Q32N03 Y
GNY $STIVIYILVW dW3L HOIH ¥31139 ¢SIIF010NHIIL ONV S3ISSIJ0¥d M3IN - NOILNTOS

*A90710NHI3 L

JAILVAONNI OGNV ¥3M3N 40 3SN FHL SIYINO3IY INTINI 3HL 40 JINVWYHO4YId 3IAOUdWI
ANV (S1S0D 370AD 3417 ONV NOILINGOHd)LISOD 3INA3Y 01 Q33N 3HL - WINL0¥d

0009 800% 0602 INIINI 3NIGENL 00GT 19V-3T3IHIA LVEHOD TWX - 37114 (STILL)

3INI9N3 == IN3INOJWOD

X ER LSS RS RS SS SR ESE R SRR SRS
x W3ILSAS 3IATYC=
N mmmme——mmccmcmm————m——y
x A¥Y0931V23 *

ERXXRREERERRANF A RN ERRN RN NN

v

“TINH ¥3d SYVII04 85 40 INIAVS ¥08Y1 vV ¥04 XIS
01 N3A3N3 WOYd SUNOH NVW AINA3Y 0L NOILYY3I4O0 9NICI3IM 3HL 32110908 - NOILNTOS

*JAISNILNI ¥08Y] OGNV INIWNSNOD

3WIL SI W3LSAS NOISN3IdASNS 2ZVETIW JHL ONIQIIM 40 CQOHLIW INIW¥ND 3IHL - W3ITH0¥d -

124 NOISN3dSAS SYEITW d0 QZuaJu: Q3214080Y¥ ~ 37111 (200+%)
W3ILSAS NOISN3IMSAS == ININCAWOD
*$34dnA3304d

ONIGI3N JILVWOLNY 3SN TIIM LVHL I¥NLXI4 J<mxu>HZJ ¥ HSINGVJS3 - NOILNTQS

*AT1S0D OGNV ONIWNSNOD 3WIL ST QGOHI3W

TVNNYW 3HL A8 S3WVYHJ ¥3Ivyl ANV XINYl 4321V I33d4S 40 ONIQI3M 3HL - WINE0¥d

L L ) ] INIGTIIN IAV YL 3JALOLOYd QILYHOLNY - 37111 (L909)

STVIYILVA SNOIYYA 3HL ¥O0d ALITVNAD NOTLINGOMd 9NILJI44Y S¥0LD

©IN3IWdIND3 OGNV
V4 LNVOIJINOIS

AdIAN3QI OL S3¥NA3J20¥d OGNV SIJI41Ivid INIGTIA G3ONIWAOI3IY INIWNDJ0GQ - NOILNTOS

*SINIWININDIY LHOI3A '133W 01 SITLIINYNG ¥ILYI¥O NI 43Sn
38 I7IM ILS SAQTIV TYNOILIONYLISNOD HLIINIWIS HOIH 40 AL3ITYVA 30IM V - W3IN30ud

001 0ST $71331S A0 IYNOILINYLISNOD INIAT3A ¥O0d4 SIDILIvHd IWIYLISNANI - 3LIL (6L5H)

- 8 W " —————— - -~

S8 ¥8 €8 c8 I8 ¥y0Iyd

(000%) INIGNNd

9ct 1W2¥a S3y
NVId ¥V3A 3ATId LWW

SY3ANIW TVUNLINYLS —-- LNINCdWOD

215




0ct 0071
0ST 001
0Ge gse
as 91L
0S¢ 3ehl
0SS g0s
se w8 s 28 18 worswd

(000%) 9INIANNd

*3SYHd AYVAONNOHS NIVY9 34l ILVYNIWITA
40 A¥YANNOE SSYIONON V INILOTIIAIC ¥04 S3INOINHIIL Q340713A3AQ 3IA¥ISHN - NOILNTI0S

*NOILYIINddY
dI3HL L1IWIT S3ITHYONNOG NIVYD SOTWVH3ID NO 3¥NLIVUIJWIL HIOIH 40 123443 - W3I1G0¥d

SIIWVYI] ¥0d INISSIIOHd LNIWIAOYAWI A¥YANNOS NIVYD - 311l

*3SVYHd 9NILI3NNOD
3IVIQIWYILNT 3SN Y0 INVIIAWOD 3¥V AVHL SINIOP 40 3SN JLVOILISIANI - NOILNTIOS

©34I7 400d 3AVH QONY
378VIN3Y LON 3¥V SLINIOP OIWy¥3D OL SWL3W ININIOP d0 GOHI3IW INI¥UND - W3IE0Yd
SOIWVYY3D 01 SINIWHOVILY 40 ONINIOPM - 3ILIL

CT0YLINOD TVITY3IWNN
A8 ONINIHOVH ¥ISVT 404 SINDINHIIL dOTI3A3A TTIM WYY90Ad SIHL ~ NOILNTQS

*SOILSIH3LIVHVYHY VI I9YUNTIVLIIW ANV SILVY TYAOW3IY
LIV dAT 3FO3I4NHO0M 3HL JO INTILIV3IH G3ZITYI0T ANV ¥v3IM 1001 QIdVY *3AISNILX3
AY3IA ST STIVIYILVYW INIHOVW OL L1WNJTF4IQ 40 ININIHIVW IVNOGILNIANOD ~ W3I180ud

ONINIHOVW Y3SVT TQ¥LNCD HILNJWO0D G3ILVWOLINY - 37111

*SNOILVY3IdO0 SNINIHIVW ATLS0D ANVW 3LUYNIWITI OL ¥0LlOY
WONJIHINID 3JHL OGNV S3I9V LS ¥OSSIUMWOOD TVIXY 3HL ISVI ATIWHIIUINI - NOILNI0S

*S3ITIGW3SSY Q3QvTs

ATILVYVLIS SV Q3NOIS3Q 3uV S3I9VIS HOSSIYHWOI VIXY *S3IT1Y¥I40¥d INIILV A
JT2A0 HOIH OGNV MO 21vND3IAY 3AVH 1SNW SISIQ ONV S3Av18 AINIGUNL - W3IT90¥d
YOSSIYAKWOD 1SQD MO LSVI ATIVHIIINI - 37114

: *0334S INIGT3INM
JSVIUINT ATLVIYD O1 Wv3E d3SVT v ONIZITILNA 3¥AG330¥d HSITGVLSI - NOILNTI0S

©1IN3INOdKWOD
319¥2Idgvd 01 SOOI 40 ¥IAWNN 39¥v7T Vv SIVINDIY QOHLIW LNIYUND - W3180ud
YOLVH¥3I4NI3Y INIONI 3INIGYNL J0 9vd ¥04 HI3IL Q0¥d - 3TLIL

SALITIVAD INILSISNOD 40 SLNINOLWOD

JIWYY¥3Z 40 NOILIJINCGO0Yd ALILNYND HSIEVLISI T7IM L1¥0443 SIHL *378ISv3d

3YV {30I8dYD NOJITIS *30IYLIN NOJITNIS) SIIWVHYID IVEALINYIS HIONIYLS
HIIH WOYd SININOLWOD 3NIONI LVHL 3LVOIANI SL1¥0443 HOYY3IS3IY INII3¥ - NOILNTOS

CONIMNIVT 3¥V SIN3INOJWOD

NOIL1J3NQ0¥d IVIYIS ¥0d4 SAOHIIW ONIUNLIVANNVYW 1NE d+¥ NI QILVYISNOWIQ N3I38

JAYH SININOdWOD JIWVY3D HIIM (G3LvIINEGVS SIAINIINT *SIVIUITLVW QIONVAQY SIYINDIY
SINIGN3 T3S3IA 3UNLVYIdWIL HITH SAONIIDIH43 HOIH 40 NCILVIOIYEVd - WITG0%ud

JIWYY¥ID 40 SININO4WO0D 3INIINI 40 IYNLIJVANNVYW - 31111

(Q3NNILNOJ) INIINT -~

A 142¥a Sid
NVYId YVIA 3AId LWHW

(6109)

(87091

(8009)

(L60%)

(530%)

(£608)

ININOdWOD

216




*SNOTLVIINddV UVTIIWIS NI NIAOY¥d N339 3AVH AJHL *SITISONIVIO NOILDIISNI
INVHYIA0 ¥04 G34073A30 38 NYDI S3IOIA3C 9INISNIS NOILLVHEIA H3ISYT - NOILNTOS

*S3INIONG
01 39YWVG INVLIINS3Y 3JHL ONVY SNOILVYHIA 40 S3ISNVI SNISONIVIQ d0d4 ONVH
NG SI 30IA3Q ON *SININOJWOD NIVY¥1l ¥3M0d NI XYOM TINVHYIAO 10430 ¥0d4 - WINE0ud

00% 00y W3I1SAS NOILJ34SNI 10430 NOILVYEIA ¥3SV - 37LIL (SL0M

: . *ALITNIEVAYD
JILSONOVIO ¥04 SO33N 3HLI 17I47Nd 01 034073430 38 €1 3¥y SYIINASNVYL - NOILNTOS

*SJILSONOYIQ NI-11ING ¥04 SIVITHIA AUVLIITINW NO NOILYTIVASNI
404 378YVIIVAY ATIQV3Y LON 3IUV SUOSNIAS ANV SHIINASNVYL INGVIINS ~ WITH0Y¥d

0ge S6g . (33I/31SYSINISNI GWOD INI ¥0d4 dINDI 1S3L Q3I34I7dWIS = 3LIL (9509)

*Q3HSINgvis3 38

TIIA NOILINAOYd SSYW ¥04 SINDINHI3L ONINNALIVANNVW *STIVIUILVYW 0ISN ATLNISIUd

dHL 01 TVHIA0 HOINWIANS 3JAUY SAOQTIV 3SIHL 40 SITLYI0Ud 3IHL *STTIW A9¥3IN3
-HO9IH NI Q43073R (07703 34V SH3AMOd TVLI3W *ONIACTIV TYIINVHIIW NI - NOILNTOS

*Q3SN 9NIFE 3¥V SITWVYHID ANV SAOTIWHILANS JITIVIIN IAISNIJX3
ATUINISIHd *AIHINDIY 3UY STIVINILYW HIONIHLIS I UNLVUILAWIL HOIH ¢9ONICOYHOI~NON
ANVISIS3Y d33¥0 S3INTINI 3INIGUNL 30 AINIIII443 3IHL 3ISYIYINI 01 - WIIE0NUd

217

0o0¢ ase STIVIYILVN FAISOYHOI-IINY QIADUMWI 40 NOILINAOUd - ITLIL (SG09)

*G3IHSITHWO0IIV 38 1IN SQY0IIY NOILJIIISNI 40 NOILVWOLAY *A3IHSITdWOIIV
39 1IN SIANIIONI ONV SISSINYVH INIYIA 40 HNILISILO0LNY *SINIWIVINDIY INS
4307 OGNV IWIL 30NA3Y¥ 01 INIWLIND3 JILSONIVIQ G31VWOLNY d40713A3Q - NOILNTOS

*1S3L OGNV NOILJ3IJdSNI ¥0d4 SINIWIHINGIY T3IAIY TIINS HOIH OGNV 3WIl JAISSIIX3
NI Q3471NS3Y SVH SITIIHIA LVEWOD J40 ALIXITdWOD O3ISVYIUONI 3IHLI - W3780%d

LS 09 ) CHVIDINIWAINDI NOILO34SNI OINY A8 T0YLNOD ALITIVNAD NOILONGOYUd - 3ITLIL (8209

. *NOTI1JNQ0YUd
404 YOLISNGWOD ONILVYIINEYd ¥04 INDINHIIL NIAQYUd AYOLYHOEVT 3ITVISdN r.onhgdow

TATLV3YY IOINVHYOHAUId  INIIN3 IAOYdWI mmowwzmzcu.uwuzﬁ
®379VIIVAY L1ON SY0LSN8WO0D 40 NOILINAO¥d 3TVIS 39YVT ¥04 INDINKHIIL - W3ITG0¥d

goe 00¢ 602 ‘ SHOLSNEWOD JIWVYYID G3JY¥OANIZIY 40 NOILINAO¥d - 3ITLIL (02C09)

(G3NNILNOD) 3NI9N3I -- IN3INCdWOD

- — " " - - —— - - —

S8 v8 €8 (4] 18 ¥0Iidd

(000%) ONIANNA
gct 1WO¥0 SO
NVd -¥Y3IA 3ATI LWW

| |




[ Py R P P R P PP T TR R TR gy

x i AYU3N39»
. temm e rwamcmmcm————————-—
* A¥d409 31V 23 *

I N I IS Y Y

ONINIAGYVH
33VvI¥NS YISV ¥0d G3033N STOYLNOD ONV S¥Y3L3WVvYYd HSINGYLSI -~ NOILNTIOS

*IN3IIJI44ANT 33V $3SSIJ0¥d 3S3HL *S1¥Vd NOISSIWSNVYL
JTOIHIA N3QYVH 3JV4¥NS 0L OG3A07dW3 SI ININ3JEVYH NCILONANI ONV 3WVI4 - W3190¥d

SY3ISYT HLIM SW3ILSAS SNVYL 40 INIADTIV ONV ONINIQUVH 3IvIUNS - ITLIL (980%)

®S3dVHS X3TdHO0D
398V HIONIYLS HOIH ALISN3IA HI9IH 3I2NG0Y¥d HITIHA S3ISSII0U4 1S3 - NOILNTOS

SININOdWOD 39¥VI NI G3ZITIILN N338 LON 3AVH $38S3204d STV13W ¥3IAMOd - WI180Yd
be3 . S3ASSAJ0¥d ADUNTIVLIIA Y¥IAN0d CIINVAQY 40 INIWISHN - ITLIL (€80G)
) . . °Qg3ass3yaay 3g TIM
S3I0 9NIOYOd 40 1S0I HOTIH ZHL ONV *39VMVI¥d ONV Yv3A 3I0 Q3ILI3AXINN ¢dYHOS
JAISS3IIXI °*SINDINHIIL SIIHAYHO IATLOVYILINI OGNV SAOHLIW WYIQVI INIZITIILN
A9 SUOHL3IW HOYYI OGNV TVINL LINIYYND 3IHL JLVNIWITI 1IN WVH90¥d SIHL'-- NOILNTOS
*SNY3LLV4 INIY¥VIE HLIDOL ¥Od SINIWIYINOIY
SV QG31N3S3¥d SI 1ng ATIVNOISNIWIO QINIL30 LON ST ¥V3I9 3IA38 3IHL °*SNOILVND3
TYIIL3Y03HL 0L °94W LON 3YVY SAHVYI9 3SIHL IINIS WITE0ud IANDINO V SINISIY
S¥V3I9 13A39 439404 40 SIINVHEITOL TWNOISNIKIQ 40 TOYHINOD 3IHL - W3180¥Ud
G0% (WV3) A90TONHI3L ¥ILNdWOD ONIZINILN 94w ANV szWuo 310 ¥v3I9 - IATLIL (4205)

*SIYNLVYIdWIL INIIEWV LV NOOLS ¥ve Wo¥d SIONVHII0L
ONINVYQ DL ¥V3I9 C3IHSINIL ¥ NI LINS3Y QL SS3J0¥d 94W V HSITIEYLSI - NOILNTIOS

©IN3INOdWOD UIHSINI4 3HL 0L L1S03 QOY S3SS3J)0¥d mmzho.dzq,wZHzHiu<z = W3180y44
SIINVIITOL SNIMVYEC Ol SHVYI9 Q39¥04 G100 = 3IFTL1IL (G00G)
NOISSIWSNYY1l -- ININCIWO3
. ®IN3J¥3d ALHO9I3 A8
IWIL NI-NNY INIONI LIIN93Y INIJNG3Y ONV NAOJANYI L INOHLIM NOILJ3IASNI J4OHSIMd
ONIMOTIY ST730 1S31 HILIFWOWVYNAQ J3ILVHIL0 ATIVANYR LNIYYND JLVWOLNY - NOILNTOS
*370A0 1S34 TUNOILVYHIJD ¥ILIACWYNAG ANOH » v 3IWIND3IY L11IN33Y
SINTION3 TV *INVHY3A0 40 L1S0D €/1 SI NADQ¥YI L °NMOGYVIL TWIISAHI LOOHLIINM
NOILVY3IdO OL Q3¥01lS3¥ 38 4N0D Z0C 3ITTHA NACA NY¥OL 3¥YV SINIONI TV - W3IT80dd
I9NILS3IL JdSNI GIZIGYVANVLS ¥04 TOULNQOD H3LIWOWYNAQ Q3LvWOLlAY - 3ILIL (T00L)

(Q3INNILINDD) INIONI --  ININCHWOD

S8

48

S0y Gi¥
00¢
049

00¢ 00¢

08¢

8 ¢8

(000%) ONIOGNNS

18

¥0Idd

9¢t 1W3¥a SJY
NYTd HY3A 3AId L1WW

218




*AINIIDIAIT WAWIXVR HLIM
G3ZINILN 39 AVYW LINIWAINDI ONINIHOVW MIN 3IHL SVIYIHM VIVQ HSITEVISI - NOILNTOS

*Q3IHSIGVLS3
10N 34y 'SILVY TVAOWIY AIN ONV STVINILVW Y3IMIN NO VIVvO INIHOVW - W3IT90¥d

0st 0GTY 0¢ 609 A90TONHIIL ANINIHOVW 3ATLD 3443 1S0D GNV QIAOULWI - 3TLIL (0609
..JMquh<z AWYY 40 94K 3IHL ¥Od
SWA 3ZIILN 0L 379ISv3I4 L1 9NIMVW A90TONHIIL Skd 3JHL 3INVAQY TIIAM 133r0Yd
STIHL °*SWILSAS ININTHOVW 3ITHIX3d $SV NAONN 1d3INOD ¥V A9 S107 3ZIS ALILNVAD
i WNIO3W 9NIONGOYd NI Q3ZIW3IY¥ 38 NVD NOd SSYK 40 SIQYLNYAQY 3IHL - NOILNTIOS
*03SN LON 3¥V SL1S0D NGQd ¥3M01
NI 1InS3Y ivH1 S3II90TONHIAL NOd SSYW *SIHL 4C 3ISNVY33d *SIILILNVND 3OYV1
NI QIYNLIVAONVH LON ATWIIdAL 3IHY SITOTHIA LVEWO0D OINIVEL ¥0d S1¥vd - WI180¥d
002 80¢ 008 08L 6LL 8661 ININOAWOI A31 ¥O0d 3INIT 407Id WILSAS ININIHIVW INLGIXIT4 - ITLIL (280%)

*SAOTIW WANIWNTY 40 ONIMNHOM MWOIINYHIIW TWWY3IHL ONV NOILIVOI4ICGITOS
TY13W H108 NI SIONVAQY 9NIZITILN SASSIV0dd NOILONAOYd HSITEGVISI - NOILINT0S

*SSINHINGL IUNLIVY¥S ONYV ALITILONG NI INIWIAOYAWI
Q33N SAOTW HANIWNIV HLONIYLS HIIA 3ITGYIIVAVY ATIVIIYIWWOD - W3TE0NUd

982 00¢ gge SLIN3NOJWOD WNNIWNTY HI9NIYLS HOIH (3A0UdWI - 31111 (9T0S)

*STTI3HS VL3N
ANIIVId3Y JI4SYId HLIM SHUOLIINNGD ANIMALIVANNYW 40 SNVIW V d0TIAIQ - NOILATOS

*SK3IT1S0Y¥d ¥IHLIO OGNV NOISOMAOD
01 318I1d3ISNS ANV ATLSOD 3Id¥y SYCLIINNOD WITY¥1D3T3 TI3HS JIINTVLIW ~ WITE0¥d

219

001 061 YOLJINNDOD IVIIULI3TI 3IINVYNIGHO JIL1SYId G3GT0W - 371IL (83&#3

: 1S02 33N33¥ ¥YO0/0ONV FONVAY04¥Id FAO0UdWI 0L
w<omwonhumzcuuu<mx:w4<mmmh<tw2Hmth<mommu:cuzxuuhzw~4m<hwu|onP:Jow

*03A01dW3 INIZEG LON JHV SIJIVIYNS INI¥ILTW 40 moo:wuz A3N
*NOILIOQNDD 30Vd4¥NS SIT NO LNIONIHIA SI SWILI ANVH 40 3INVWY04¥3Id - W3IN80YUd

00% [t 213 00g SININGdWOD 40 INIWLIYINL 3DV4HAS - 3TLIL (BTLLY

*SNOI LV Y¥3d0 10430
OLNI ONIYNLOVANNYW JO SQOHLI3W 1¥V-3H1-340-31ViS ¥3ININ JINQOUINI - NOILMIOS

SIIS0TO0NHIIL M3N wszdxommoqu
A9 INIIDIJ443 JHOW 30VW QNV 03A0YdWI 39 NVD S10430 3IHL 40 SNOILIONNA
G1IN83Y 3HL NI G3A071dWI SISSIV0¥d INIYNLIVANNYH ONY SIVIYILYA - W3ITEOHd

00be ggoe 00ST S10d3G AWEU~A9CTIONHIIL ONIMNIIVINNVYH - 37LIL (TTL L)

SACINYITIIISIW -~ IN3INQOJWOD

S8 ¥8 £8 8 18 ¥0Idd

€000%) ONIQGNNd
gel 1Wd¥0 SJd
NVId ¥V3IA 3AId LlWK

S




go0¢s 0S8L 0G4 0038

1124 gce gsc¢ 00¢

00071 0001 080T

002 002
nog 00S 0SS 0GH
S8 #8 £8 28 18 40INd

(000%) ONIGNNA

*SINIHOVW HIHIO NO G3A0TdW3 38 NvI HOTHM ALITISVAYD NIAOYD V 3GIAQ0¥d

T7IM SIHL *AJON3IIJId43 40 ST3IA3T IN3ISIdd QNGAId FONVWUO4Y¥3Id S1I IINVAQY OL
43LIN3ID ONINIHOVW ONO V 01 (Q31dvay 39 717IM SYCSN3S L¥V-3d1l-40-3LVLIS - NOILNTOS

*VIdv SIHL NI 3NOQ N3I39 SVYH 9NIHLON

M0 ITLLIT 1NG ¢SITYOLIVE «NOLLINEG HSNde 40 T3IAIT 3HL 0L NOILVWOLNVY IINVAQY

NYD TOMINOD JAILldvaAV Ol 3IS3HL 40 NOILVIIT4dV *QILVILSNOWIG ANV 0340713A30
N3I38 JAVH SIONVHI WNIWONIHJ TYNOIS ONY 3ZINICIIY HOIHM SYOSNIS - W3ITH0¥d
TO¥ANGI 3IAILLVAY 40 NOILVYIINddY - 37111

“ONINNYI4 34vENI3V Y04 30IAOY¥d OGNV NOILVAONNI

1SISSY T7IM LI *SKW3T90¥4 NOILONGOYd IV ILINILOd ANV *3INIT NOILINGOYd

WNHWTI1d0 ¢S3SS300¥d INIUNLIVANNYH WAWILHO ¢9NIT001 AJTIINIQI TIIM 3ISVHI
LNIWJdOT3A30 373IH3A 3HL ONIHNGQ SSIJI0¥d INIYNLIOVIANNYW IHL INILVINWIS - NOILNI0S

®S$1S0J 3AISS3IOX3 QNV SAVI3Q Cl SOV3IT SIHl .munOJOzxuu»

1S34VT 3HL 103743Y¥ 01 SININOGWOI MOTW LON 0Q (AJLY SITIIHIA LVAW0D QINIVYHL
40 SS3J00¥d NOILISINDIV AVIMILVW 3FHL NI Q3¥IND3Y S3IWIL AV3IT 9NOT IHL - W3IT80Y¥d
$3SS3IV0Ud INI¥NLIVANNYW AJL J0 NOILVINWIS ¥3LINdWOD - 3111l
*NOILJINA0Yd NI A90TONHI3IL ¥3SVYT AINIWITAWI 0L ALINIIVA v HSITEVLIS3I - NOILLNTOS

SNOILVZILITNIJVY 40 1S0D 3HL A8 Q3034WI SI NOILVINIWINAWI *d3IHSII8VLSI
ST ONISS320¥d TVLI3W Y04 SYISYT INISN 40 ALITIEISYVI4 IHL - WINH0Y™d

ALTTIOVE Y3SV ONTYNLOVANNYH - 37111

*SHILSAS JINOYLI3TI X3ITdWOJ 3IHL 40
AT9W3SSY 0Ll G3I7ddVY 38 TTIM ONTYNLIVANNVYW OGNV N9 IS3Q 43aIv NILNAW0OI - NOILN0S

"SINDINHIIL AT9WISSY M3IN ¥0d4 G3IN

JONCOYLNT ONV ONIXITAILINN ONV SUOSSIIUYC40¥ITw QIINVAQY 3ISN TTIM F0YLINOD
JTOTHIA ONY NOILNSBIYLISIA H3MO0d IVIIYLIIINE ¥O0d4 S3INVINHIIAL A3IINYAQY - WIT80ud
H3IA 1VEWHO0D ¥0d4 SHHOMLIN ONIXIISILNW 4C NOILINAOY¥d QILvWOlAvy - 3INLIL
°SNOILIGNGD NOTILIJINGOHd ¥04 IVAQOWIY JIHD LISvd4 HSITEVLISI - NOILNT0S

. ' *NOILINQA0Yd
404 G3IHSINEYLIS3 N3I38 LON 3IAVH SACTIV SNOU¥Y3Id H¥O4 TVAOWIY JIHD LSVd - wW3180ud

A0V SNOY¥Y¥3d ININIHIVUW 033dS HIIH ¥0d4 SQOHLIIW ONI¥NLIVANNVW - 3ILIL

(J3INNILNGD) SNOINVINIISIH -~

9ci 1W2Ha Sod
NVId ¥V3A 3ATId LIWW

(TH09)

{0209)

(G203

(#109)

(£609)

ININCdWOD

220




*C3¥ND ANV ATGW3ISSY T33IHM 3IHL

ONNOY¥Y A3L33INNI 38 1TIA INVINSAVINI INVHLIIINATIOL 3IHL NIHL ANV $SATOW V13w

Q3H31VW NI Q34NJ SNOILNGIYLSIO NISIY ILv4NIOV AUIA HLIM 3d4vl HLI0TD SSY19
ONISN LNIWJINDI I3UONVW 3T4ILTINW NO QNNOA 38 77IA SWIY QNY SONIN ~ NOILN10S

*ShIY¥Y ONV SONIY 40 NOILVIIYGVd

Quh<:o»3< ONV d3WO01SYT] INVHL3INNATIOL WI STIIHA ONILVINSJVINI J¥V SWIN90Y¥d

NIVW *dN-037¥3S 389 01 3AVH TIIA NOILYOIYGY4 ONVH ANIWYAD *SHILSAS NOISNIISNS
AJL QG3N3CYVH L1SVIE 04 SININGAWOED YOPYW 3¥v. SI3I3IHM GVOY ILISOHWOD - WIT90%d

004 iR=3 SITITHIA LVYAWOD QINIVYL ¥0d STI3IHM AVON QINIQYVH LSVIE - 3ITLIL €(0509)

*SY3ISIY ONILIVYNIWIASZ
ATIV10L ANV ONILV9 SSI343 ¥4 033N 3IHL ONILYNIWITI AS3YIHL $SIANDINHDIIL
ONILSY) 3¥NSS3dd MOT INIZITILN SISSII0OUd INIYNIIYANNYH HSITEGVLSI - NOILATOS

“SW3ILI 1S0J 40 S1S0) A3ISYIUONTI 0L SIANAIYINOI SIHL *LI3IWIY dVEdsS
SY 03Sn OGNV SONILSYD 3HL WONd 03IAOW3Y 39 0L 3AVH HIIHA IVINILYW 40 SLNNOWY
94V IZITIAN HOIHM SHISIH OGNV SONILYY IMINDIY SONILSYI WANIWNTIV ~ W3180dd

0GY 1314 SININOJWOD WANIKWNIY ¥04 SINDINHITL ONILSYD F¥NSSIUd - ITLIL (656
ST33HM gV0Yd -- LININCHWO2

LE R R RS SRR L LR L EEEETEEREEEE R ES

* W3ILSAS NOISN3dSNS»

B o o e o -

* Ad0 9231V *

Y IS Y

221

*S30v78 3INIBUNL SY HINS SININOAWOD 40 SINIWIYINDIY ONINNSYIW IHL 133W OL
034dVAVY 38 1IN AHJYY9010Hd GIT0S *NOILVY3dT ONINIHOVW 3ITDIH3A ¥ Ol 4314vay
39 17IM (¥3ISYT OGNV IVIIL1d9-0d103713) INISAYS $SIIC¥d-NI 1DV INOD- NON = NQILNT0S

°S3ITITHIA AYVLIITIW ¥NO 40 150D 3IHL 40 L¥V¥d IYILNVLISHNS
VY SIN3IS3¥d3Y STHL *G3A0TdW3 ATIVNNVW S3ISAVS L1OVINGD SAOTJWI ¢y YINIO
NI *3¥NLIVANNYW ITDIHIA AMVLIITIW NI G3SN SCOCGHLIW A90TON¥LI3IW 3IHL - WIT90¥d

908 gns g0s 6os 0s¢ NOILVY¥9IINI SWILSAS A90TICYLIW QGIAINVAQY - 3ITLIL (¥G09)

S INJW3YNI0Yd OIAOYdAWI 3IAIAOUd

01 NOILISINBIY Sl¥vd 3H¥dS 01 Q3ISSIYAAY 39 TTIM SWYHIO0Y¥d 3ISIHL 40 SLINSIY

3H1 °NOILISINDIV IVILINI ¥0J SWILI 40 IUNLIVANNYW 3IHL 01 QILI3INIa SWYY¥20Y¥d
WYJ/0VD 40 ¥38WNAN v 9NIJ0T3IA3Q ST ONY 379YIIVAY SYH AWYY 3HL - NOILATOS

©S$37NQ3HIS AYIAII30G TIANILXI OL 3INQ SIIVIYOHS ANV SLSOGD HIIMW NI SLI0s3y
A0TLOVYHd INIWIYNDO0Ad SIHL *UINNVW WOOGNYY ATIVYINIS v NI ONV SITLILINYAD
TIVAS NI G34NI0Ud 3IYY SITIIHIA LVGWO0D JINIVYL ¥03 SIM¥Vd I¥VdS - WIT80ud

0Gae 062 0se WYJ7aVd A3 JUNLOVINNYW SL¥Vd 3JUVLS -~ ITLIL (2409)

CQINNTILNOD? SNOINVITADSIWN -~ ININOdWOZ

- . " T & = - = -

S8 b8 €8 c¢8 18 ¥0I¥d

(000$) O9NIANNS
9¢1 LWd¥a $J3Y
NVId ¥V3IA 3ATd WKW

|




4 *®
*SQOHLaW INIYNLOVANNYK 3ZIWIL4O ONY 37Y2SdN - NOILNTOS
© *SOOHLIW @V SNITISdN A8 03d013A3Q 39
LSNW NOILINGOY¥d ¥O4 SGOHLIW SNIYNLOVANNYW 341 HIONINLS OISYIUINI ONV LHOIIA
" 039n034 ONIAVH SININOJWO0D 37HISSOd INVW S3ILISOdWOD XINWLVW VL3N - W3150¥d
oos gog 002 oog : SILISOdHOD XIMIVW T913W ¥03 SSII0Ud ONTUNLIVANNYW = ITLIL (62093
*S1SCI NCILISINDIY IHL NI SISVIYINI
INIAZND ¥O 3IN03Y 01 SINDINHIIL ONINALIVANNYN 0IINVAQY AlddV - NOILNAOS
*S1S0) NOILISINGIY
ISVIVINI 1TIA SWILSAS GIINVAQY 3HL 40 NIILVOIITddY *SLININODWOD G340713A3Q
ATNIN ONIZITILN AG 3ONVWHO4Y3d ALITIS0W O3ISVININI JOTAONS 0L 3ONVHD
NOIS3IA 394V V ONIO9YIAGNA 3¥Y SITOIHIA LVEWOD 40 SWILSAS NOISNIJSNS - W3I180¥d
004 pos SWILSAS NOISNI4SNS I1ITHIA LVAWOD ¥04 SINDINHIIL NOILINAOY¥d - 3ITLIL (H20G)
*SIVIYILYW QTITA WAWINIW
00000§ ONIZITILN S¥vd NOISYOL ONILYOINAVA 40 SAOHLIW HSITEVIST - NOILNIOS
*1H9I3M ONISVIUINI ONV SLIA
NOISIO HLIM ONIWIANILNI AGINIHL SHYE HILIAVIO I9¥V1 SIHINOIY HIIHA SSANGHYH
ININYOM WAWIKVW V OL G3ILVIYL LV3IH 39 NVD SI3ITLS AOTIV 9INTYIINIONI - W3IT40¥d
g1z 0sT 7331S HIONIYLS HOIH WOY¥S SONIYJS ¥VE NOISHOL ONILVIINEYS - 37111 (200S)
38NL/7¥VE NOISHOL == - ININGIWO3
*034073A30 38 01 Q3IIN
NOT1ONOOY¥d SSVW Y04 S3IADINHIIL IHL ¥IAIAOH $STLISOAW0D DILSY1d ¥3IGII-NOGEYD
WOY4 SONTNAS 4v3T IYNLOVANNYN OL NAONX SI A90TONHIIL 3IHL - NOILNOS
. *3ONVLSISIY¥ INOILV 4
IN3TI39X3 3JAVH GNY ¥3LHOIT 3¥V S3LIS0JW0D ¥3II4 NCAYYD *INDTLV4 WON4 uNTIVA
0L 123PrENS ONV AAV3IH 38V S3ITIIHIA TWOILIVL ¥04 SONINAS 133LS - W31g0ud
052 05z SILISOdW0I-II1SYI1d ¥38I14-NOGNYD WON4 SONINAS = 31LIL (TT09)
SONIY4S == LININCAWO3
*AILSAS NOILOI4SNI 73IHMAVOY JINOSYMLIIN INIT-NO NV 40
NOILVANIWITdWI 3IHL AE 3INV 143DV ONITIWYS 107 IATLINHLISIO ILVNIWIII - NOILNIOS
*YYIA HIV3I ST3IIHMAVOY 00L ATILVWIXO¥ddY
40 NOILINY¥LISIA 3IHL I¥INDIY 0STY ONY STIIHAAVOY 0G NvHL I¥0W ON ININIVINGD
SL0T NO 3QVW 34V SISIL SSINGYVH ONY SALIAVYI J14123dS NOTSIHAY IHL - WI80yd
Lhe STIIHM QY0¥ 40 NOTLIIJSNI L0430 GILYWOLNY - ITLIL €9209)
COINNILNGD) ST3IHA AVO0Y -- ININOIWOD
8 b8 <8 28 18 ¥OT¥d
(0C0$) ONIANNS
92T  1WJ¥Q $2¥

NVT4 ¥V3IA 3JAT4 LWHW

222



®SHMIVYL H¥04 SANNOJWOD
Y3IWO01SVI3 d34073A30 ATIAAN ¥0d4 S3ISS3I0dd NCILINAOY¥d HSITEVISI -~ NOILNI0S

C*SNJ078 OGNV SOVd *SONIHSNEG SV HINS SLININOJIWOD
H3gENY 40 3YNIIVE A9 3ATT ANISIY4 SLI 1V Q13IH SI 3417 XMIovyl - W31g0¥d

‘082 00¢ NIV YL AMVLITNIW ¥0d d384n0y - 37TLIL (SL0S)
*S1N3INOJHOD
MIVYL JHL WOY¥d d364dNY 3HL 3A0W3Y 0L WILISAS 130 U3 1VYN FYNSSNUd HIIH
NOLIONGONd 3dAL010¥d V 31VIIHGV4 ONVOSNOILVOIIZIDIdS 3LI¥M¢NOIS3A - NOILNTOS
*SY3INYOA
3HL 0L SOY¥VZYH AL3IAVS ONV TIVINIWNOUYIANI LIN3S3I¥d ONV IAISNILINI d0AVT 3YV
SLIN3NOdWOD MIVY1l WOY¥d ¥398Nd INIAOWIY 40 STOHL3IW NOILINGO¥d LINIYYND - W3IIE0Yd
Gel WILSAS TVAOWIY IVI¥ILYMW 130 WILVM - 3TLIL (S00#)

*SS3AT ¥0 SIUNNIW N3IL NI 30HS xuﬁik 3HL NO O¥d XOV¥L ¥384n¥ IHL 3¥ND
TITM 1VHL SS3J00¥d 9NIQI0W NOILJD3INNI (1090¥) QILVWOLNY NV. HSITGYLISI - NOILNTIOS

*SHNOH OR1 ¥04d INIYND NOISSIMIWOI ONV AININOJWOD 3Svd Jumww 3H1I 0l
4398NY MVY 40 ONIGNOG 3HL SIVINOGIY SIHL *A90TONHI3IL Se0b6T HLIM QIHSITAWOIOV
ONIZE ATTAN3YYNI SI S3ITDIHIA LVEWOD €04 SHI078 MOviL 40 GINg3¥ - WI80Yd
81l Gbe %IVYL NId 37800G 47 9NIGIOW NOILDIPNI w3dan¥ - ITLIL (€004)

Savd ¥389N¥ -- IN3INCdWOD

223

EEZ R RS SRR LIRS R SR R R TR EE S

» : ¥Iviix

N e e ot o e e =

* A YO 93 1V 3 x

KX E RS R RS R RS ER SRS RS EEY ]

*AYOLNIANI S+ AWYUY JHL OLNI GILVHO4YOONI QONV
Q31vATIVA3 39 01 O33N ONV S1ONA0dd NAGNM 337V SONILVOD JAILVA¥ISI¥d - NOILN10S

®3LSVA 3TEVY3ITOLNI S3SNVI HIHLIVIM OGNV 39V WOdd NOTLVYHOTIY3ILIQ 3IUIL - W3I190Ud
oot 06t INI 1V0D NOILlVA¥ISINd FYIL - ITLIL (0L09)

*S3IYIL JTLVHWNIND=-NON
$ALITIG0W HOIH 3T7EVIT3Y JYNSSY 01 SIANDINHIIL 9NISSIIOUd HSITEBVLISI - NOILNTIOS

*39VWVA 1vEW0I 0L 103raNS 3V SITIIHIA TYITLIVL NO S3IWIL JILVWNIND - WITE90¥d
Gee 0zt SINGINHI3L NOILVIINEVS 3¥I1 LVEWOD DJILVHNIND-NON - 37114 (8COS)H

ST33HM ~--  LIN3INOdWOD

S8 8 £8 (4] 13 40 Idd

{0.00%) ONIGNNA
5¢1 LW2H0 SJd
NVYT4 dV3IA 3AId LWH




Sl¢é “Gle
GLl sl SLT
00¢® 08¢ 0se
061
GLT 901
Lye 91¢
se v w8 28 18 wolud:

€000%) INIONNA

*SINIWIDYOANIIY HIIM 34VHS LIN
YY3IN JO SONILSVYD 3I0NG0Y¥d 01 G3dO0TIAIC 39 T1IM SINDINHIIL NOILINGOY¥d -~ NOILNTCS

*Q03d073A30
N338 LON JAVH SINIW3OYOANIIY TYNY3SINI ONIZITILN INILSVI FUNSSIYd - W3ING0Ud

SLdVd 310IH3A LVEWOD HO0d4 INILSYI JYNSSI¥d LSVYI0IHY - 311l

*INJLIVIH GIdvY SY3IYY TIVWS Wv3g ]
3NI4 INYON3LLY SLII ALIM SIYNCII0Yd SNINIQUYH WVIE ISV HSINAVISI - NOILNIoS

Y34y
IV HAUNS 39UV ¥3A0 LVIH SINDNI ININIQYVH 3Iv4UNS 40 SAOHLIIW IN3ISIUd -~ WITQ0¥ud

SININGdWOD 3TITH3IA LVEGW0d ININIAHYH 3JIY4UNS ¥3ISVI - 3I7LIL

AOVYl 3TOIH3A
Lv8W0d JILSVId 1Y NV INIGTING ¥0d ALITICISViI4 NOGILVIIYaYd ILVAITIVA - NOILNI0S

*1HOI3A JITITIHIA
TVL0L 40 JOVAINIDE3A 39UV ¥V SILNGIYVINGD MIV¥L JITTVLI3W INIYIND - W3IT90ud

MOVYL JITIVL3W NON ¥04 SINODINHIIL NOILvITY¥EvVd - 3IT1IL
*SY¥YISNOUO J0HS MOVHL 3d1l 40 SUYNOLNOD 3HL AJT704 OL hzuzmﬁacu 3HL moTv-olL
G3IN9IS3IC 38 1IN ONITO00L OGNV Q31VWOLINV 38 T17IR $S3IJ0¥d 3IHL *SS3IJ0¥d 9NIOVA
Q¥VH Vv 9NISN NOILISOd30 A€ dn L7INg 39 T7IM SHISNCYI JOHS MIvy¥l IHL - NOILINIOS
*G3LINS3Y SyH
31INT430 ONIHION 1N8 340UN3 OGNV VSN 3HL 4108 NI 30VW N339 3AVH S1¥0443 d0Idd
*S30HS MOVYLl ¥Od NOILYNIGWOD ¥IV43Y¥Y AYOLIVISIIVS LISOW 3IHL SY Q3IHSIAVLIS3
N33d JAVH SOvI¥ILIVW 9ONIJV4 QMVH ONV 3¥NA320¥d ILINIH30 ON ~ WITE04Hd4
S30HS XOVY¥l 40 9NIOVS4 duvH - 37111
*U3IAN0d WOHd SAOTIW ¥VIM HOIH 9NILIVAWOI Ad SININOJWOID 3ILVIIH8V4 - NOILNTOS

CATIININD ¥4 Q30VvId3d ¥O/ONY 43IL1Snrgy
38 0L MIVY¥L 3HL INIWINO3Y ATIAISSIIAI YVIM SININOJWOD MIVHL - WI190Mud

S313IH3IA LVEWOD ¥04 Sldv¥d IVLIK ¥IAMOd ALISNIG HOIH - 37111

°S3ITQWISSY 3J0HS
NIV A¥L NId 379N00 ¥0d4 SS3II0ud ANGWISSVSIA A3ILVYKOLNY NV HSIEYLS3I - NOILNTI0S

SALIAILINOO¥d M0 NI ONILTINS3IY ST00L ONVH TIVNANYW ONISN JAISNILINT yoava |
ATLNIYYNI SI S3INEWIASSY L3S 30HS MOovil NId 378004 40 AIGWISSYSIA ~ W3ING0¥d

MOVHL NId 379000 40 AGW3ISSYSIQ 03ivHolny - 37LIL

S30HS -~

9¢t 1Wdda SJY
NVId HV3IA 3ATH LWW

(2609)

(9506)

{£%05)

(»1GH)

{€TGY

(200 4)

ININCEKOD

224



| (WO231)
ANVWOD NOILVNTVYA3 ANV LS3L

- f \ . ¢ //
; } 1o A SR
- Y *! L
%4, & L)

225




CATEGORY

Testing

VA vt e it YA e Yt U o Y S i S Y o 04 (306 Lm0 i YA 1900 A Y VD (A e Yt U Y LA it it \adn (e P JAE il | U A M Vo O 1A Y o Bk At o il W

226




US ARMY TEST AND EVALUATION COMMAND

(TECOM)

TECOM, with headquarters at Aberdeen Proving Ground, MD, is the primary
developmental testing agency for the US Army. TECOM plans, conducts, and
reports on development tests performed during the life cycle of Army
materiel, and evaluates foreign materiel for possible US acquisition.
Additional testing is performed as a service to the commodity commands upon
their request. The testing organization consists of the aircraft develop-
ment test activity, three environmental testing activities, five proving
grounds (one of which serves as the third environmental activity), and a
national missile range. Facilities are located in the continental United
States, the Panama Canal Zone and Alaska.

Individual investigations into production test procedures and evalua-
tion techniques are accomplished through TECOM's MMT program. In view of
TECOM's mission and the intended results of the MMT efforts (to improve
test procedures), the majority of the work is accomplished in-house.

TECOM's MMT efforts are grouped under two general headings: documenta=~
tion and resource conservation. Individual efforts are funded from these
"parent programs.” Current funding constrains TECOM to an annual program
that supports approximately one-half of their planned efforts.
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INDUSTRY GUIDE

This section of the MMT Program Plan explains the Army programming
cycle for the MMT Program. The objective of the MMT Program is to develop
new manufacturing methods and processes that will reduce the cost of pro-
ducing weapon systems. The program consists of approximately 200 projects
annually that concentrate on improving and/or developing manufacturing met-
hods, techniques and processes.

The scope of the MMT Program covers all three of the military ser-
vices. Within the Army, the Office of Manufacturing Technology (OMT) has
been established to provide overall program responsibility. Functional re-
sponsibility is at the commodity oriented, Major Subcommands (SUBMACOM'S).
The SUBMACOM'S plan, formulate, budget, and execute individual projects.
The Industrial Base Engineering Activity (IBEA) assists OMT on the tech-
nical aspects of the Manufacturing Technology Program. The organizational
chart on the next page depicts this supporting framework.

Throughout the Program Plan reference is made to various appropria-
tions. These appropriations are identified in the Army Management Struc-
ture (AR 37-100-FY) and are established by the US Congress as a standard
accounting system. Most MMT efforts are funded through the Procurement
Appropriations which include (1) Aircraft, (2) Missile, (3) Weapons and
Tracked Combat Vehicles, (4) Ammunition, and (5) Other. A few projects
receive funds for the Operations Maintenance, Army (OMA) appropriation.

Identification of manufacturing problems is the first step in develop-
ing an MMT Program. Problem areas are conceptualized and compiled into a
planning document (the Program Plan). At the date of the publication, the
Program Plan contains one funded year, one programmed year and three plan-
ned years. As the program cycle proceeds the concepts are refined and pro-
ject proposals are developed. A diagram depicting this programming cycle
is shown on page A-3. To fully understand the entire programming cycle one
must realize that DOD budgets on a Fiscal Year (FY). The FY starts on 1
October and ends the last day of the following September. For example, on
1 October 1980, the Army began the first quarter of FY81.

The following programming cycle chart depicts the various activities and

. stages that MMT projects go through. Concepts are first identified in the
five year plan according to the projected year funding is expected. Each
year these concepts are reevaluated and move forward until they reach the
budget phase. Industry has the opportunity to participate during the
annual MTAG conference. At this gathering the current program, the latest
budget project and the Program Plan are discussed.

Al




UNITED STATES ARMY MATERIEL
DEVELOPMENT & READINESS COMMAND
(DARCOM)

TRAINING

& DOCTRINE

COMMAND
(TRADOC)

ARMAMENT RESEARCH &
DEVELOPMENT COMMAND
(ARRADCOM)

TANK/AUTOMOTIVE
COMMAND
(TACOM)

TEST & EVALUATION
COMMAND
(TECOM)

DEPARTMENT

AIR FORCE

SECRETARY OF DEFENSE

OF THE

DEPARTMENT

ARMAMENT MATERIEL
READINESS COMMAND
(ARRCOM)

DEPOT SYSTEM
COMMAND
(DESCOM)

MOBILITY EQUIPMENT
RESEARCH
& DEVELOPMENT COMMAND
(MERADCOM)

ARMY MATERIEL &
MECHANICS RESEARCH
CENTER
(AMMRC)

ARMY MATERIEL
DEVELOPMENT & READINESS
COMMAND (DARCOM)

OFFICE OF
MANUFACTURING
TECHNOLOGY (OMT)

A2

DEPARTMENT

FORCES

COMMAND

(FORSCOM)

INDUSTRIAL BASE
ENGINEERING
ACTIVITY (IBEA)

AVIATION RESEARCH &
DEVELOPMENT COMMAND
(AVRADCOM)

ELECTRONICS RESEARCH &
DEVELOPMENT COMMAND
(ERADCOM)

MISSILE COMMAND
(MICOM)

HARRY DIAMOND
LABORATORIES
(HDL)

COMMUNICATIONS &
ELECTRONICS COMMAND
(CECOM)

TROOP SUPPORT & AVIATION
MATERIEL READINESS
COMMAND
(TSARCOM)

NATICK RESEARCH &

DEVELOPMENT LABORATORIES)
(NLABS)




Calender Year Activities
MMT Planning/Budgeting/Review Cycle

YEARLY ACTIVITIES

Program Plan (FY81-85)

FY83 Budget Submission/Review 1

FY32 MMT Funds Released : ,

~b—t

MTAG Annual Coanference v ’:]

FY83 Apportionment Submission/
Review

1981 1982

The programming cycle shown above starts with the Program Plan. This
document consolidates individual submissions from the SUBMACOM'S and develops
the planned program. Because Army budget guidance provides “"ceilings,”
potential projects must be prioritized which results in some being excluded
or slipped. Inclusion in the Plan does not guarantee that the project will
be funded. The level of funding is dependent upon what Congress will appro-
priate each year.
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As projects approach the start of the funding cycle specific objectives
and work scopes are developed. These projects are documented in what is
known as a P~16. A P-16 is simply the format that is utilized to document
data elements such as estimated cost, economics, and description of work.
(The P~16 format is described in AR 700-90).

The budget submission represents the first P~16 submitted for inclusion
in the program. This submission is followed about nine months later by the
more definite apportionment submission. Projects are then funded when the
new fiscal year begins. Although this is the normal planning cycle, a pro-
ject can enter the planning cycle at any point in time. Such a project
would be known as a late start submission and funding is usually at the ex-
pense of another project.

Criteria for actually funding individual projects include technical,
operational, and economical feasibility. The potential for technical suc-
cess, the means by which the results will be implemented, the potential
payback or return on investment and the interrelationships that exist be-
tween factors are all evaluated.

For a more comprehensive understanding of the MMT program, the follow-
ing list of documents is provided for reference:

DOD Instruction 4200.15, Manufacturing Technology Program
AR 700~90, The Army Industrial Preparedness Program
AR 37-100, The Army Management Structure

AR 11~28, Economic Analysis and Program Evaluation for Resources
Management
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ARMY MMT PROGRAM REPRESENTATIVES

HQ,DARCOM
US Army Materiel Development and Readiness Command
ATTN: DRCMT

5001 Eisenhower Avenue C:
Alexandria, VA 22333 AV:
AVRADCOM

US Army Aviation R&D Command
ATTN: DRDAV-EGX, Mr. Dan Haugan

4300 Goodfellow Blvd. C:
St. Louis, MO 63120 AV:
CECOM

US Army Communications & Electronics Command
ATIN: DRSEL~POD-P-G, Messr Feddeler/Esposito/Resnic  C:

AV:

ATTN: DRSEL-LE-R, Mr. William Coutros C:
AV:

Fort Mouamouth, NJ 07703
ERADCOM
US Army Electronics R&D Command
ATTN: DELET-R, Mr. Joseph Key C:
Fort Monmouth, NJ 07703 AV:
MICOM
US Army Missile Command
ATTN: DRSMI-RST, Mr. Richard Kotler C:
Redstone Arsenal, AL 35809 AV:
TACOM
US Army Tank-Automotive Command C:
ATTN: DRSTA-RCKM, Dr. Jim Chevalier
Warren, MI 48090 AV:
ARRCOM
US Army Armament Materiel Readiness Command
ATTN: DRSAR-IRB, Mr. August Zahatko
Rock Island Arsenal C:
Rock Island, IL 61299 AV:
ARRADCOM
US Army Armament R&D Command
ATTN: DRDAR-PML, Mr. Donald J. Fischer (634
Dover, NJ 07801 AV:

Bl

202 274-8284/8298
284-8284/8298

314 263-1625
693-1625

201 535-4926
995-4926
201 532-4035
992-4035

201 544-~4258
995-4258

205 876-2065
746-2065

313 573-6065/5814
6467
786-6065/5814/6467

309 794-4485/5446
793-4485/5446

201 328-2708
880-2708




TSARCOM

US Army Troop Support and Aviation Materiel Readiness
ATTN: DRSTS~PLE, Mr. Don G. Doll

4300 Goodfellow Blvd.

St. Louis, MO 63120

MERADCOM

US Army Mobility Equipment R&D Command
ATTN: DRDME~UE, Mr. R. Goehner

Fort Belvoir, VA 22060

NLABS

US Army Natick R&D Laboratories

ATTN: DRDNA-EZM, Mr. Frank Civilikas
Natick, MA 01760

TECOM

US Army Test & Evaluation Command
ATTN: DRSTE-AD-M, Mr. Grover Shelton
Aberdeen Proving Ground, MD 21005

AMMRC

US Army Materials & Mechanics Research Center
ATTN: DRXMR-PMT, Mr. Raymond Farrow
Watertown, MA 02172

HDL

Harry Diamond Laboratories

ATTN: DELHD~PO, Mr. Julius Hoke
2800 Powder Mill Road

Adelphi, MD 20783

Rock Island Arsenal
ATTN: SARRI-ENM, Mr. Joseph DiBenedetto
Rock Island, IL 61299

Watervliet Arsenal
ATTN: SARWV~PPI, Mr. G. Spencer
Watervliet, NY 12189

US Army Munitions Production Base Modernization Agency

ATTN: SARPM~PBM-DP, Mr. Joseph Taglairino
Dover, NJ 07801

AMRDL

US Army Applied Technology Laboratory
USARTL (AVRADCOM)

ATTN: SAVDL-EU-TAS, Mr. L. Thomas Mazza
Fort Eustis, VA 23604

DESCOM

US Army Depot System Command
ATTN: DRSDS-PE, Mr. Jim Shindle
Chambersburg, PA 17201

B2

Command

C: 314 263-3040

AV: 693-3040

C: 703 664~4221

AV: 354-4221

C: 617 653~1000, X2793
AV: 955-2349/2351

C: 301 278-3677

AV: 283-3677

C: 617 923~3523

AV: 955~3523

C: 202 394-1551

AV: 290-1551

C: 309 794-4627/4584
AV: 793-4627/4584

C: 518 266~5319

AV: 974-5319

AV:

AV:

AV:

201 328-6708
880~6708

804 878-5732
927-5732

717 263-6321
242-6321




IBEA

US Army Industrial Base Engineering Activity

ATTN: DRXIB-MT, Mr. James Carstens
Rock Island, IL 61299

DCSRDA

ATTN: DAMA-PPM-P, Mr. R. Barnett
Room 3C400, The Pentagon
Washington, DC 20310

DCSRDA (PA 1497, Aircraft)

ATTN: DAMA-WSA, LTC Jay B. Bisbey
Room 3B454, The Pentagon
Washington, DC 20310

DCSRDA (PA 2597, Missiles)

ATTN: DAMA-WSM-A, Mr. John Doyle
Room 3B485, The Pentagon
Washington, DC 20310

DCSRDA (PA 3297, Weapons; PA 3197, Tracked Combat Vehicles)
ATTN: DAMA-WSW, LTC Raymond Roskowski

Room 3D455, The Pentagon
Washington, DC 20310

AV:

AV:

AV:

C:

AV:

C:

AV:

DCSRDA (PA 5297, Communications/Electroncis)

ATTN: DAMA~CSC~BU, MAJ Paul Harvey
Room 3D440, The Pentagon
Washington, DC 20310

DCSRDA (Other Procurement Activities:

"AV:

PA 5197, Tactical and Support Vehicles)

ATTN: DAMA~CSS~P, LTC L. R. Hawkins
Room 3D416, The Pentagon
Washington, DC 20310

DCSRDA (Other Procurement Activities:

PA 5397, Other Support)

ATTN: DAMA-CSS-P, LTC P. K. Linscott

Room 3D418, The Pentagon
Washington, DC 20310

DCSRDA (PA 4950, Ammunition)
ATTN: DAMA-CSM~DA, COL Jack King
Room 3C444, The Pentagon
Washington, DC 20310

DCSRDA (PA 4950, Ammunition)

ATTN: DAMA~CSM~P, Mr. John Mytryshyn

Room 3C444, The Pentagon
Washington, DC 20310

AV:

AV:

AV:

AV:
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309 794-5113
793-5113

202 695-0506/07/08
225-0506/07/08

202 695-1362
225-1362

202 695-8740
224-8740

202 697-0106
227-0106

202 695-1881
225-1881

202 694-8720
224-8720

202 694-8720
224-8720

202 694-4330
224-4330

202 694~4330
224-4330




INDUSTRIAL BASE ENGINEERING ACTIVITY (IBEA)
POINTS OF CONTACT
MANUFACTURING METHODS AND TECHNOLOGY

Telephone Number*

Mr. James Gallaugher, Director -----= =-(309) 794-5611
Mr. James Carstens, Chief, Manufacturing

Technology Division ~=-- (309) 794-5113
ME. Ferrel ANderSOmn e s mm m s m im s s m i o o ot o (309) 794~5235
Mr. Ken Bezaury —--—-==-—=-=sms=ses ~m==(309) 794-6586
Mr. Delmar Brim ~=~==w~m——- (309) 794-6167
Mr. Jémes Bruen ==msmmmm- —— ~-=(309) 794-3682
Ms. Linda Hancock =--- - (309) 794-3682
Mr. Robert Hellem =~=~~===~ (309) 794-6586
Mr. Wayne Hierseman ~=- e et e i k309) 794~5235
Mr. Andrew Kource, Jr. = (309) 794-5235
Mr. Peter Martin ~-- : (309) 794-5235
Mr. Charles McBurney - (309) 794-6167
Mr. Steve McGlone - - - (309) 794~6167
Mr. Gordon Ney ======m=—= (309) 794-6586
Mr. Alan Peltz - (309) 794-6586
‘Mr. John Petrone - - o e b e i e (309) 794-3682
Mr. Ron Russell -~ - (309) 794~6586
Mr. James Sullivan ~ - - (309) 794-6167
Mr. Hal Weidner - - ~-(309) 794-3682
Mr. Steve Yedinak ——— ~-=(309) 794~6167

*AUTOVON: 793~XXXX
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DRXIB-MT
DISTRIBUTION:

Defense Technical Information Center:
Document Processing Division, Attn: DDC-DDA-2, Mr. Richard Matthews (12 cys)

Department of Defense:
DIRSO, Attn: Mr. B. Bartsch (3 cys)
OUSDRE (R&AT), The Pentagon, Attn: Dr. Lloyd L. Lehn (10 cys)

Department of the Army:
HQDA, OASARDA, The Pentagon, Attn: Mr. William Takakoshi
HQDA, ODCSRDA, The Pentagon, Attn: DAMA-PPM~P, Mr. Rod Vawter
DCSRDA, Attn: DAMA-WSA, LTC Jay B. Bisbey
DCSRDA, Attn: DAMA-WSM-A, Mr. John Doyle
DCSRDA, Attn: DAMA-~WSW, MAJ Gordon Winder
DCSRDA, Attn: DAMA~CSC-BU, COL Higgins
DCSRDA, Attn: DAMA-CSS-P, LTC L. R. Hawkins, LTC P. K. Linscott
DCSRDA, Attn: DAMA-CSM~P, Mr. John Mytryshyn
DCSRDA, Attn: DAMA-CSM-DA, COL Jack King

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)
Cdr, DARCOM, West Coast = TILO, Attn: Mr. C. Green
Technical Library, Attn: DRXAM-L

AVRADCOM:
PM, Advanced Attack Helicopter, Attn: DRCPM-AAH
PM, Blackhawk, Attn: DRCPM-BH
Cdr, Attn: DRDAV
Cdr, Attn: DRDAV-EGX, Mr. Dan Haugan
Technical Library, St. Louis, MO
Cdr, AMRDL, Attn: SAVDL-EU-TAS, Mr. L. Thomas Mazza

ARRADCOM:
PM, Cannon Artillery Weapons Systems, Attn: DRCPM=CAWS
PM, Division Air Defense (DIVAD) Gun, Attn: DRCPM~ADG
PM, Nuclear Munitions, Attn: DRCPM-NUC
PM, Selected Ammunition, Attn: DRCPM-SA
Cdr, Attn: DRDAR
Cdr, Attn: DRDAR-PML, Mr. Donald J. Fischer (7 cys)
Cdr, Benet Wpns Lab, Attn: DRDAR-LCB~S, Dr. F. Heiser
Chemical Systems Lab, Technical Library, Attn: DRDAR~CLY-T
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DRXIB-MT
DISTRIBUTION (Cont'd):

Aberdeen Proving Ground:
PM, Chemical Demilitarization & Restoration, Attn: DRCPM-DR
PM, Smoke/Obscurants (SMOKE), Attn: DRCPM-SMK
Cdr, Attn: STEAP-MT-M, Mr. J. L. Sanders

ARRCOM:
PM, M110E2 Weapon System, Attn: DRSAR=HA
Cdr, Attn: DRSAR-CG _
Cdr, Attn: DRSAR-IRB, Mr. August Zahatko (4 cys)
Cdr, Attn: DRSAR-IRW, Mr. Arne Madsen
Cdr, Attn: DRSAR-LEP, Mr. R. F. Tumasonis
Cdr, Attn: DRSAR-CPA-F, Mr. James Bailey
Cdr, Attn: DRSAR-QAE, Mr. R. Fer
Technical Library, Attn: DRSAR-LEP-L

AMMRC:
Dir, Attn: DRXMR-PT, Mr. Raymond Farrow
Dir, Attn: DRXMR-EO, Dr. Morton Kliman
Dir, Attn: DRXMR, DRXMR-M (3 cys ea)
Technical Library, Watertown, MA

CERCOM:
PM, Signal Intelligence/Electronic Warfare (SIGINT/EW), Attn: DRCPM-SIEW
Cdr, Attn: DRSEL
Cdr, Attn: DRSEL-LE-R, Mr. Martin Ides

CORADCOM:
PM, Army Tactical Communications Systems (ATACS), Attn: DRCPM-ATC
PM, Automatic Test Support Systems, Attn: DRCPM~ATSS
Cdr, Attn: DRDCO
Cdr, Attn: DRDCO-PPA-TP, Messrs. Feddeler, Esposito, Resnic (1l cy ea)
RD&E Technical Documents Ctr, Ft. Monmouth, NJ

DESCOM:
Cdr, Attn: DRSDS
Cdr, Attn: DRSDS-PE, Mr. Jim Shindle

ERADCOM:
PM, FIREFINDER/REMBASS, Attn: DRCPM-FFR
PM, Stand-~off Target Acquisition System, Attn: DRCPM-STA
Cdr, Attn: DRDEL
Cdr, Attn: DELET-R, Messrs. Key, Reich (1 cy ea)
Cdr, Attn: DRDEL-ED, Mr. Harold Garson

MERADCOM:
PM, Mobile Electric Power, Attn: DRCPM~-MEP, Springfield, VA
Cdr, Attn: DRDME
Cdr, Attn: DRDME-UE, Mr. R. Goehner
Technical Library, Ft. Belvoir, VA
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DRXIB-MT
DISTRIBUTION (Cont'd):

MICOM:
PM, General Support Rocket System, Attn: DRCOM-~RS
PM, Ground Laser Designators, Attn: DRCOM-LD
PM, HAWK, Attn: DRCPM=HA
PM, Heliborne Laser Fire and Forget (HELLFIRE) Missile Svstem, Attn: DRCPM-HE
PM, High Energy Laser System, Attn: DRCPM-HEL
PM, PATRIOT, Attn: DRCPM=MD
PM, 2.75 Rocket System, Attn: DRCPM=RK
PM, STINGER, Attn: DRCPM-MP
PM, TOW Project Office, Attn: DRCPM-TO
PM, US ROLAND, Attn: DRCPM~ROL
PM, VIPER, Attn: DRCPM=VI
Cdr, Attn:- DRSMI
Cdr, Attn: DRCMI-RST, Mr. Bob Austin, Mr. Richard Kotler
Magazine Room, Attn: RSIC

NLABS:
Cdr, Attn: DRDNA
Cdr, Attn: DRDNA-EZM, Mr. Frank Civilikas
Technical Library, Attn: DRXTM-TRL

TACOM:
PM, Armored Combat Vehicle Technology (ACVT), Attn: DRCPM=CVT
PM, Fighting Vehicle Armament, Attn: DRCPM~FVA
PM, Fighting Vehicle Systems, Attn: DRCPM-FVS=<PP
PM, Heavy Equipment Transporter (HET), Attn: DRCPM-HT
PM, Improved TOW Vehicle, Attn: DRCPM-ITV
PM, XM-1 Tank System, Attn: DRCPM=GCM
Cdr, Attn: DRSTA
Cdr, Attn: DRSTA-EB, Ms. Vivian Buarkhalter
Cdr, Attn: DRSTA-RCKM, Mr. J. Chevalier
Technical Library, Warren, MI

TECOM:
Cdr, Attn: DRSTE
Cdr, Attn: DRSTE<AD-M, Mr. Grover Shelton
Technical Library, Dugway Proving Grounds, Dugway, UT
Technical Library, White Sands Missile Range, Attn: STEWS=<PT-AL
Technical Library, Yuma Proving Grounds, Yuma, AZ

TSARCOM:
PM, COBRA, Attn: DRCPM-CO
Cdr, Attn: DRSTS
Cdr, Attn:  DRSTS=PLE, Mr. Don G. Doll
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Arsenals:
Cdr, Pine Bluff Arsenal (PBA), Attn: SARPB-CO
Cdr, Rocky Mountain Arsenal (RMA), Attn: SARRM-IS
Cdr, Rock Island Arsenal (RIA), Attn: SARRI-CO
Cdr, RIA, Attn: SARRI-ENM, Mr. Joseph DiBenedetto
Cdr, Watervliet Arsenal (WVA), Attn: SARWV-CO
Cdr, WVA, Attn: SARWV-PPI, Mr. G. Spencer
Cdr, Benet Wpns Lab, Attn: DRDAR-LCB-TL, Tech Library

Munitions Production Base Modernization Agency:
Cdr, MPBMA, Attn: SARPM-PBM-=DP, Mr. Joseph Taglairino (6 cys)

Army Ammunition Plants:
Cdr, Crane AAA, Attn: SARCN
Cdr, Hawthorne AAP, Attn: SARHW-CO
Cdr, Holston AAP, Attn: SARHO~CO
Cdr, Indiana AAP, Attn: SARIN-CO
Cdr, Iowa AAP, Attn: SARIO-CO
Cdr, Kansas AAP, SARKA-CO
Cdr, Lake City AAP, Attn: SARLC-CO
Cdr, Lone Star AAP, Attn: SARLS-CO
Cdr, Longhorn AAP, Attn: SARLO-CO
Cdr, Louisiana AAP, Attn: SARLA-CO
Cdr, McAlester AAP, Attn: SARMC-FD
Cdr, Milan AAP, Attn: SARMI-~CO
Cdr, Mississippi AAP, Attn: SARMS
Cdr, Radford AAP, Attn: SARRA-CO
Cdr, Riverbank AAP, Attn: SARRB-CO
Cdr, Scranton AAP, Attn: SARSC=CO
Cdr, Army Weapons Support Center, Crane, IN

Depots:
Cdr, Anniston Army Depot, Attn: SDSAN-MD
Cdr, Corpus Christi Army Depot, Attn: SDSCC=MPI
Cdr, Letterkenny Army Depot, Attn: SDSLE~MM
Cdr, New Cumberland Army Depot, Attn: SDSNC-ME
Cdr, Red River Army Depot, Attn: SDSRR-MO
Cdr, Sacramento Army Depot, Attn: SDSSA-MPE
Cdr, Seneca Army Depot, Attn: SDSSE=OP
Cdr, Sharpe Army Depot, Attn: SDSSH-R
Cdr, Sierra Army Depot, Attn: SDSSI-EM
Cdr, Tobyhanna Army Depot, Attn: SDSTO=-M
Technical Library, Tobyhanna, PA
Cdr, Tooele Army Depot, Attn: SDSTE-MAN
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Army Organizations:

Cdr, Army Logistics Management Ctr (ALMC), Attn: DRXMD

Cdr, Army Research Office (ARO), Attn: DRXRO-AO

Cdr, Army Ballistic Research Labs (BRL), Attn: DRDAR-BL

Cdr, HDL, Attn: DELHD-PO, Mr. Julius Hoke

Cdr, Ballistic Research Lab, Attn: DRXBR-TSB-S

Cdr, Foreign Science and Technology Ctr (FSTC), Attn: DRXST=MT1,
Mr. James Wamsley

Dir, Installations and Services Activity (I&SA), Attn: DRCIS-RI

Dir, Army Management Engineering Training Activity (AMETA), Attn: DRXOM-SE,
Dr. Shallman (3 cys)

Cdr, Night Vision Labs (NVL), Attn: DRSEL#*NV=-PA/AO

Dir, DARCOM Intern Training Center, Attn: DRXMC-ITC-E, Mr. Carter

Navy Organizations:
Cdr, NAVMAT, Attn: Mr. J. W. McInnis, Code 064
Cdr, NAVSEA, Attn: T. E. Draschil, Code SEA=05R23
Cdr, ‘NAVAIR, Attn: Mr. R. A. Retta, Code AIR5162C
Cdr, NAVELEX, Attn: C. A. Rigdon, Code ELEX-504512
Cdr, Naval Surface Wpns Ctr/White Oak Lab, Attn: Code E345, Mr. Chas. Mcfann
Cdr, Naval Surface Wpns Ctr/Dahlgren Lab, Attn: Code CM-51
Cdr, Naval Weapons Ctr, Attn: Code 36404
Cdr, Naval Avionics Ctr, Attn: Mr. Larry Halbig, Code 216
Cdr, Naval Weapons Ctr, Attn: Mr. C. Johnson, Code 3624
Dir, NMCIRD, Bldg. 75-2, Naval Base

Air Force:
Cdr, HQ, USAF/RDXI, The Pentagon, Attn: MAJ D. Mackintosh
Cdr, AFSC/DLF, Andrew AFB
Cdr, AFSC/PPD, Andrew AFB
Cdr, AFML/LT, WPAFB
Cdr, AFML/LTE, /LTM, /LTN, WPAFB (1 cy ea)
Cdr, AFWAL/MLSS, WPAFB
" Cdr, San Antonio Air Logistics Ctr, Kelly AFB, Attn: B. Boisvert, MMEI

Professional Societies:

Electronic Industrial Association, Attn: Mr. Jean Caffiaux, 2001 I St., N.W.,
Washington, DC 20006 (40 cys)

Numerical Control Society, Attn: Mr. Ronald C. Hunt, Exec. Dir., 519-520
Zenith Dr., Glenview, IL 60025 (3 cys)

Aerospace Industrias Association, Attn: Mr. Robert Worthen, COL, US Army
(Ret), 1725 Desales St., N.W., Washington, DC 20036 (5 cys)

American Defense Preparedness Association, Attn: Mr. Rudolph Rose, COL,
US Army (Ret), Rosslyn Center, Suite 900, 1700 N. Moore Street,
Arlington, VA 22209 (5 cys)
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Professional Societies (Cont'd):

Society of Manufacturing Engineers, Attn: Mr. Bernard Sallot, One SME Drive,
P.0. Box 930, Dearborn, MI = 48128 (5 cys)

American Institute of Industrial Engineers, Attn: Mr. Mikell Groover,
Packard Lab #19, Lehigh University, Bethleham, PA 18015 (1 cy)

Forging Industry Association, Attn: Mr. C. G. Scofield, Room 1121,
55 Public Square, Cleveland, OH 44113 (35 cys)

American Society for Testing and Materials, Attn: Mr. Samuel F. Etris,
Special Assistant, 1916 Race St., Philadelphia, PA 19103 (5 cys)

Cast Metal Federation, Attn: Mr. William E. Gephardt, Chairman, Govt.
Supply Committee, 4870 Packard Road, Niagara Falls, NY 14304 (1 cy)
Metcut Research Associates, Inc., Attn: Mr. John F. Kahles, 3980 Rosslyn

Drive, Cincinnati, OH 45209 (1 cy)
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