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Background

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

MMT Program Participation

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

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

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

This report contains summaries of 128 completed projects that were
funded by the MMT Program. The summaries are prepared from Project
Status Reports (RCS DRCMT-301) and Final Technical Reports submitted
by organizations executing the MMT projects. The summaries highlight
the accomplishments and benefits of the projects and the implementa-
tion actions under way or planned. Points of contact are also pro-
vided for those interested in obtaining additional information.

The MMT Program addresses the entire breadth of the Army produc-
tion base and, therefore, involves many technical arcas. For ease
of referral, the project summaries are grouped into six technical
3 areas. The technical areas are CAD/CAM, Electronics, Inspection and
Test, Metals, Munitions, and Non-Metals.

The Summary Reports are prepared and published for the Office of
Manufacturing Technology, DARCOM, by the Manufacturing Technology
Division of the Army Industrial Base Engineering Activity, (IBEA) in
, compliance with AR 700-90, Cl. The report was compiled and edited by
Mr. Andrew Kource, Jr. and ably assisted by Mrs. Eileen Griffing with
the typing and graphics arrangements.

DISCLAIMER

The citation of trade names and names of manufacturers in this re- 1
port is not to be construed as official Government endorsement or ap-
proval of commercial products or services referenced herein.

Neither the Department of Army nor any of its employees makes anv 1
warranty, expressed or implied, or assumes any legal liabilitv or re-
sponsibility for the accuracy, completeness, or usefulness of any in-
formation, apparatus, product or process disclosed, or represents
that its use would not infringe ou privately owned rights.




ACHIEVEMENTS

This section contains abstracts of the key project achievements in
this report. Attention is being focused on these projects because of
significant benefits which are manifested through either technological
advancements, cost reductions, or safety. This listing is not inclusive
of all beneficial projects. Whether a project is beneficial or not
depends upon one's needs. Therefore, even though the abstract of a
project does not appear in this section, the reader should examine the
body of this report for results that may suit his particular requirements.




TECHNOLOGICAL ADVANCEMENTS
Project Number Project Title Page
178 7240 Machining Methods for ESR 4340 73

Steel for Helicopter Applications

Low stress grinding techniques for high strength steel were
developed. An estimated 507 cost reduction can be achieved
4 because of the elimination of parts rework caused by burning.

276 9758 Production Processes for Metal Nitride 26
Oxide Semiconductors for BORAM

A pilot line capability was established for an all electronic
solid state MNOS secondary memory. Previously, this application
had only been demonstrated in R&D. Simpler fabrication methods
resulted in fewer process steps and higher yields. The work made
a superior alternative to fixed-head electromechanical storage
available to the Army at affordable costs.

; 375 3070 NDT Method for Small Composite Motor 38
: Components

The prototype high speed NDT inspection system employed a
combination of two systems. A radiographic technique which in-
spects the cartridge and an ultrasonic technique which inspects
the cartridge-to-outer case bond., The system can inspect one
complete cartridge per minute and one assembled unit every thirty
seconds.

676 7338 Ion Plating Techniques 245

New coating designs and processes were developed which increase
the performance and durability of optical coatings. Results are
applicable to all optical coatings which must achieve high perfor-
mance in military enviromments.

674 7476 Testing Techniques for Laser Materials 51
and Components

A prototype laser testing simulator was developed. This simu-
lator has the capability to simulate normal laser cavity firing
conditions and to serve as a laser reference standard cavity for
comparitive evaluation of the critical resonator components.




676 7644 Application of Integral Color
Anodizing for Aluminum

Preliminary results show that the integral color anodizing
process is a viable method for imparting color as well as
hardcoat with excellent wear and corrosion resistant properties.
These results suggest that it may be possible to replace the
conventional two-step hardcoat plus post-dye treatment currently
in use.

M76 6350 Hot Forging Wall Variation
-1831 Measurements

An ultrasonic based system was developed to measure wall
thicknesses of cannon tubes in the "as-forged condition" or hot.
The system is now in operation at Watervliet Arsenal.

M76 6350 X-ray Fluorescence Analysis of Composite
-1834 Propellants for Army Missile Systems

A nondestructive test system using X-ray fluorescence was
developed to inspect composite propellants. The system is ideal
for propellant production because of its speed, precision, and
nondestructive nature. It can determine both the ingredient per-
centages and the in-situ particle sizes and combinations of these
parameters as well.

. _.n_-‘a. Lol anb .
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COST REDUCTIONS

b Project Number Project Title Page
376 3230 Manufacturing Methods for High Speed 85

Machining of Aluminum

The high speed machining techniques developed by this project
are being used to hog out the body section of the Tomahawk missile.
Savings of $6.1 million in reduced machining cost are anticipated
for the planned production schedule.

577 3127 Miniature Bearings and Shaft Manufac- 167
turing Assembly Processes

Full scale production machines were designed and built for use
in the manufacture of components of a turbine alternator power
supply. A cost savings of $1.50 per turboalternator was achieved
and 490,000 turboalternators have been ordered.

]
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578 3947 Thick Film Hybrid Circuits for XM587E2/ 32
XM724 Fuzes

Pilot lines were established to produce two types of hybrid
circuits. The techniques introduced significantly reduced the
number of operating personnel. The cost reductions, while not yet
verified, could be $20 per fuze. At planned production rates of
720K fuzes per vear, the annual savings could exceed $14 million.

676 7402 Development of Improved Rifling Procedures 132
and Equipment

Dual rifling has been implemented at Watervliet Arsenal on the
105mm, M68 gun tube. The use of dual rifling has reduced machining
time by approximately 40 percent. Floor space requirements have
been reduced by 50 percent. Annual savings are estimated to be
$65,000,

671 7030 Abrasive Machining of Minor Items for 122
Cannon Manufacturing

The machining time of breech components for the 105mm, M68




cannon and the 175mm, M113 cannon has been reduced from 75
minutes to 13 minutes at Watervliet Arsenal. Annual savings
from this operation are estimated to be $348,000.

676 7241 Improvement of Honing Equipment and 127
Procedures

A new feed system and mating hone head was installed, pro-
viding a high power feed that increased stone pressure and pro-
vided for faster metal removal rates. An automatic in-process
bore size gaging system was incorporated into the hone process
to eliminate bore measurement with a star gage. These innovations
reduced operating times 40% and 50% respectively.




SAFETY
Project Number Project Title
575 4245 Development of a Deluge System to

Extinquish Fires Following an
Accidental Detonation on Conveyors
Handling Bulk HE

Commercially available components were used in the design
and test of a full scale, prototype water deluge system.
Water supply lines were buried underground with the nozzles
protruding just above ground level to maximize survivability
from explosions of 60 pounds of explosives. UV detector re-
sponse to explosives detonation was less than five milliseconds.

577 4285 TNT Equivalency Testing in Support

of Safety Engineering for Ammunition
Plants

Tests were conducted on R284 tracer composition, 1559 igniter
mix, 1560 subigniter mix and Benite propellant in configuratioms
representative of the actual production plant environment.

57T 4289 Hazard Classification Studies of
Explosives and Propellants

A more realistic assessment of the hazard potential of pro-
pellants and explosives were determined which will lead to more
cost effective protection measures for personnel, equipment, aad
facilities. Substantial cost savings were realized by avoiding
the incorrect classification of some Class 2 materials as Class
7 materials.

578 4289 Hazard Classification Studies of
Propellants and Explosives

A hazard classification procedure was developed which allows
the clagssification of in-process materials based on their
initiation sensitivity and the most likely consequences of an
initiation. The procedure characterizes the major hazards which
exist in each area of a process operation.
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MANUFACTURING METHODS AND TECHNOLOGY
, PROJECT SUMMARY REPORT

(Rcs DRcMT-302)
Manufacturing Methods and Technology project 577 6716 titled, 'Development
of Math Models of Forming Operations for Current/Future Artillery Metal

Parts Designs (CAD/CAM)" was completed by the US Army Armament Research
and Development Command in May 1979 at a cost of $295,000.

BACKGROUND

A Tk

There was a recognized need for more coordination between artillery metal
parts manufacturers and designers. It was determined that a computer diag-
nostical tool was needed to provide commonality between various types of plant
tooling to reduce the engineering time consumed in technical data package T
preparation for tooling and equipment and setup. Prior effort in this area
was accomplished under project 576 6716, same title as above, and project

573 6550 titled, "Engineering Support of Artillery Metal Parts Modernization
Program."

SUMMARY

The objective of this project was to validate the existing computerized
model for the drawing operation by confirmation testings. The objective was
accomplished through refinements of the simple drawing model and its corres-
ponding computer program DRAWNG. Mathematical models for optimization of s
the shell drawing process were expanded to consider drawing through multiple
dies in tandem and tapered punch, and these models were documented in the
computer program DRAWNG. This computer program is capable of simulating the
shell drawing process, both hot and cold, and generate the ram load and the
product wall stress versus ram displacement diagrams during simulation on a
Cathode Ray Tube (CRT). DRAWNG simulated the tandem drawing operation on a ﬁ
real-time basis, and the step-by-step results are displayed on the computers’
graphic display terminal as shown in Figure 1. On the top one-third of the
screen, the dies are drawn showing specified spacing between them, and the i
billet and punch are positioned for beginning the simulation. Once the simu- '
lation begins, the step-by-step movement of the punch and the billet is shown
on the top one-third of the screen. At the same time, the total ram load
versus punch displacement and wall stress versus punch displacement are shown
i on the left half and right half of the lower two-thirds of the screen, respec-
tively.

il A& e o

Predictions from the tests were evaluated with respect to hot and cold
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Figure 1 - Forming of Metal Shells

drawing confirmation testings conducted under actual or near production
conditions. 1In addition, the tests included an evaluation of the stream-
lined dies designed by the computer program CDVEL which had already been
developed.

Confirmation testing of the computer program DRAWNG was accomplished on *1
shell drawing operations at room temperature conducted with 4.2-inch (106.68mm)
M335 shells at Chamberlain Manufacturing Corporation, Waterloo, Iowa, under
. production and near production conditions. The confirmation tests at hot
9 forging temperatures were conducted with 155mm M107 shells at Chamberlain Manu-
4 facturing Corporation, Scranton, Pennsylvania, under production conditions. In
both cases, tests were conducted using conventional conical and computer-
designed streamlined dies. The evaluation of the mathematical program models
with the test results, was conducted at Battelle Memorial Institute, Columbus,
Ohio, Confirmation tests validated the mathematical models under production
or near-production conditions.

!

-~

The computer—-designed streamlined dies produced good parts in all tests and
this operation appeared to be smoother than the conventional process. Although
streamlined dies were 13 percent more efficient than conical dies during cold
drawing, this difference was not measurably significant during hot drawing tests.
In all cases, however, the computer program DRWNG predicted the ram load versus
ram displacement curve with acceptable accuracy and reliability.

11
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BENEFITS

Cost savings will be realized through reduction in time required for pre-
paration of technical data packages (TDP) for equipment procurement and setup.
The forecasted reduction in TDP preparation time will also improve readiness.
Energy savings will result from less power needed for forming, less scrap,
and improved tool life.

IMPLEMENTATION

The computer program, DRAWNG, was loaded and made operational on the
ARRADCOM computer system.

This effort will be included in a planned Army-sponsored effort to in-
vestigate the best possible way of putting CAD/CAM metal processing and die-
making programs into wider use by US companies.

MORE INFORMATION

Additional information on this project may be obtained by contacting Mr.
Fee M. Lee, ARRADCOM, AV 880-6345 or Commercial (201) 328-6345. 1In addition,
technical report AR SCD-CR-79008 titled, "Confirmation Tests of Hot and Cold
Artillary Shell Drawing Operations' is available from the Defense Technical
Information Center as AD number A-077338.

Summary Report was prepared by Al Adlfinger, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL
61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY PREPORT
(rRcS DRcMT-302)

Manufacturing Methods and Technology project 273 9378 titled, 'MMT
High Burnout Resistant Mixer Diode'" was completed by the US Army
Electronics Command in January 1976 at a cost of $103,000.

BACKGROUND

Silicon mixer diodes for operation at S band, (2.60-3.95 GHz) X band,
(8.20-12.4 GHz) and Ku band (12.4~18.0 GHz) in military radar applications
experienced excessive burnout rates. This situation was caused by exposure
to high power nonosecond RF pulses.

R&D efforts developed an improved diode burnout resistance capability,
with lower noise characteristics. These results were achieved with mini-
mum RF performance variation over frequency and local oscillator power.

i Production techniques were required to economically build these devices
outside the laboratory.

l SUMMARY

The project's objective was to establish manufacturing processes for
high burnout resistance S, X, and Ku-band silicon Schottky barrier mixer
diodes. Microwave associates at Burlington, MA, performed the work and
developed the production capability for silicon epitaxial processes,

, € photolithography, etching, Schottky barrier metallization utilizing the
sputtering technique, and diode assembly and packaging.

! Wafer epitaxial growth rates and process parameters were defined and
optimum resistivity and thickness control were achieved.

Windows were etched in the diffused Silicon Dioxide (Si0,) substrate
layer by utilizing photolithographic techniques.

The Schottky metallization barrier was created by sequentially sput-
tering three metals, titanium, molybdenum, and gold onto the n-type silicon
epitaxial layer. Titanium constituted the optimum Schottky barrier by
providing the best chip burnout resistance and lowest noise figure. Molvb-
denum formed the metal diffusion barrier. Gold prevented metallic oxidation
and facilitated a succeeding gold plating operation.

14
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Following metallization, the wafers werce diced into chips, shown in
Figure 1 and assembled into the IN23 cr IN78 packages, depicted in Figurcs

2 and 3.
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Figure 1 - Cross Section of Silicon Schottkv Barrier Diode

Figure 3 - Silicon Schottky Coaxial
Diode Assembly (Forward-Type) IN78 Case
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The IN23 ceramic package was used for S and X band diodes and the IN78
coaxial package for Ku-band devices. Diode chips were eutectic bonded
onto the threaded pin which was rotated into the package until the
whisker made contact with the metallized Schottky barrier junction. RF
diode impedance was dependent on the whisker geometry, diode-whisker
contact bond, and Schottky junction characteristics.

Diode electrical parameters consisting of RF impedance, noise figure,
VSWR and rectified current were varified over device frequency band.

Froject achievewents included a 435 diode pilot run (145 of each type)
and a demonstrated pilot line capability of 1300 units per month.

BENEFITS

This project established economical production methods for low noise
mixer diocdes capable of withstanding high burnout energies. Prior to
this effort, the diodes were not commercially available.

- IMPLEMENTATION

The diodes are being utilized, on a replacement basis, in the AN/TPN-18,
AN/TPQ-28, AN/PPS-4, 5 and 6 military equipments. Project accomplishments were
published in the Microwave Journal International Edition, Vol. 22, No. 3, March !
1979, pages 56-61. Results were also documented in a final contractor report
which was distributed to industry and government.

MORE INFORMATION

Additional information may be obtained from Mr. James F. Kelly, CORADCOM,
Ft. Monmouth, NJ, AV 992-3276 or Commercial (201) 532-2276. The contract was
DAABO5-73-C-2065.

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

16




G tinke T i

i

a o,

MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 272 9498 titled, "L Band
Microwave Integrated Circuits" was completed by the US Army Electronics
Command in June 1975 at a cost of $434,000.

BACKGROUND

Radiosondes are elctronic devices used for transmitting meteorological
data from high altitude weather balloons. They operate at L Band (1.12-1.70
GHz) frequency and are comprised of a modulator/transmitter and an FM power
source.

The modulator/transmitter contains a thin film hybrid microwave integrated
circuit (MIC) oscillator, (see Figure 1) which develops more than 65 milli-
watts power and an IC modulator/regulator which amplitude modulates the
oscillator carrier frequency at rates determined by external meteorological
sensors.

The FM power source is a ruggedized miniature thin film hybrid MIC oscill-
ator amplifier with linear modulation characteristics (see Figure 2).

Low cost production techniques were needed to replace manual fabrication
and testing methods for these expendable items.

SUMMARY

The project objective was to establish a production capability for two
L Band solid state microwave frequency sources, the radisonde modulator/
transmitter, and the FM power source.

RCA at Harrison, New Jersey, demonstrated the technology by fabricating a
500 unit pilot run of both type devices. An estimated production rate of
4000 units per month was achieved.

In general, the methods and equipment used for fabricating each source
were similar. However, the modulator/transmitter required a greater number
of manufacturing steps due to the additional modulator/regulator circuitry.

The MIC oscillator shown in Figure 1 received major attention. Tasks in-
cluded ultrasonic cleaning of the ceramic substrates, thin film substrate
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metallization by vacuum deposition of chrome-copper (Cr-Cu), dry-film
photoresist application, photolithographic masking, spray etching, die
bonding, ultrasonic wire bonding, soldering, and inert gas welding.

Figure 1 -

Thin Film MIC
Oscillator Used In
Modulator/Transmitter,
Shown Without Cover.

TRANSISTOR

OUTPUT Figure 2 - ‘
FM Source Substrate

and Circuit Components.
Shown Without Cover.

RUTILE
CAPACITOR
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) Major device improvements include use of transistor chips rather than
packaged transistors, techniques for coupling and tuning through a hermetic
seal, substrate temperature compensation using a negative temperature co-

. efficient dielectric capacitor (RUTILE) in lieu of a bi-metallic temperature
compensating disc, inexpensive weldable DC connections, and accessible lid-
mounted structures.

BENEFITS

The project increased overall device yields from 50% to between 807 and
90%. The unit price for both MIC oscillators was reduced from $75 to a
projected price of $7.00 each at a 100,000 yearly rate.

IMPLEMENTATION

The devices developed in this project were incorporated directly into the
i AN/AMQ-23 atmospheric metecrological probe. The FM power source is used in
solid state proximity fuzes designed by Harry Diamond Laboratory. Since the
project's oscillators exhibit an extremely stable carrier frequency and a
very linear carrier frequency deviation, they have general application for shell
trajectory studies, altitude, speed and distance measurements.

MORE INFORMATION

Additional information may be obtained from Mr. James Kelly, CORADCOM,
Ft. Monmouth, NJ, AV 992-3276 or Commercial (201) 532-3276. The contract was
DAABO5-72-C-5830.

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




: MANUFACTURING METHODS AND TECHNOLOGY
3 PROJECT SUMMARY REPORT

f (rcs DRcMT-302)

|

Manufacturing Methods and Technology (MM&T) project 274 9637 titled,
"Manufacturing Methods for the Production of Polysulfone Capacitors for
Short Intrusion Proximity Fuze'" was completed by Electronics Command

| in April 1977 at a cost of $43,000.

; BACKGROUND

Volume production techniques for producing 0.1 mil polysulfone film
capacitors were non-existent. This particular type of capacitor was an ex-
cellent candidate for the control circuit of the electronic timer which turns
on the short intrusion fuze for artillery applications. Several manufacturers
made small quantities of these capacitors, but they were expensive and not
abundant.

Early in 1971, the Gudeman Division of Gulton Industries, Inc. participated
in a program to evaluate 10 gauge polysulfone film supplied by ECOM. One
hundred of each of two values of capacitors were fabricated. They were sub-
iected to numerous tests including the 1000 hour life test. The capacitors
proved to be good for military and industrial applications and had temperature
characteristics superior to those of polycarbonate or polyester film capacitors,
see Figure 1.
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SUMMARY

Capacitors made with metalized polysulfone film were found to exhibit
characteristics superior to those of polycarbonate or mylar capacitors. 3
Several manufacturers made polysulfone capacitors in small quantities by
hiand, utilizing laboratory methods. Production processes had not been
developed so these capacitors were expensive.

The Gudeman Division, Gulton Industries, Inc. of Chicago, established
production processes for manufacture of metalized polysulfone capacitors
under contract DAABO7=74-C-0337. Some of the processes used were slitting
metalized polysulfone film, removal of metalization from film edge, winding
the thin metalized polysulfone film, bonding leads to metalization, packaging
and encapsulction with epoXy, see Figure 2.

Metallizea

Figure 2 - Sub-Miniature
Metalized Polysulfone
Capacitors

End Seal Solld Wire Lead

Matal Case\f

Filler

Capacitor Section

The contractor established a pilot production capability to produce poly~
sulfone metalized film capacitors at a rate of 3000 per dav. The capacitors
successfully completed 2000 hour qualification life tests. They were designed
to withstand 25,000 G shock with no appreciable change in electrical parameters
or capacitor structure. The capacitors meet MIL-C-55514A and SCS 442 specifica-
tions and have superior resistance to radiation.

21
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BENEFITS

The metalized polysulfone film capacitor has better electrical character-
istics than either the polycarbonate or the mylar capacitors. This makes
it a superior capacitor for use in the timing circuit of the short intrusion
proximity fuze. It can also be used advantageously in communications equip-
ment and has higher resistance to nuclear radiation damage than the poly-
carbonate or mylar capacitors.

IMPLEMENTATION

Results of this project were distributed to industry in a final report.
Metalized polysulfone film capacitors are manufactured and cataloged today by
many capacitor manufacturers. These capacitors have characteristics that are
superior to those of the capacitors currently used in fuzes; however, they do
cost a little more to manufacture since the current capacitors meet present
specifications and there is no economic advantage to polysulfone capacitors;
they have not yet been implemented.

MORE INFORMATION

Additional details may be obtained from Mr. Leo Torokhanian, project

officer at Harry Diamond Laboratories, 2800 Powder Mill Rd., Adelphi, MD 20783.

Autovon 290-3190 or Commercial (202) 394-3190.

Summary Report was prepared by Edward F. Zajakala, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORI
(Rcs DRCMT-302)

Manufacturing Methods and Technology project 275 9673 titled, "Study of
Techniques for Component Assembly onto Communication - Electronics Printed
Circuit Boards" was completed by the US Army Electronics R&D Command in
January 1977 at a cost of $100,000.

BACKGROUND

At the time of contract award, there was little information correlating
cost, quality and defects associated with various techniques used for
assembling components onto communications-electronics (C-E) printed wiring
boards (PWBs). The project was funde¢d to correct this situation by surveying
current methods for PWB component assembly and developing cost data for each
technique.

The basic data for the analysis was created cn project 370 3009 "MMTE Study
Covering Methods for Manufacturing Electronic Modules," but was presented in
a manner applicable mainly to missile production. This project adapted and
expanded the previous information for the entire communications electronics
industry.

SUMMARY

Martin Marietta at Orlando, FL performed an investigation that formulated
assembly and cost guidelines needed to select and evaluate the optimum produc-
tion method for assembling components onto PWBs. The investigation resulted
in a "Printed Wiring Board Production Assembly Cost Guidelines Manual." The
data collected pcrtains to planar double sided or multi-laver PWBs with
plated thru holes and conventional discrete and/or Dual-In-Line package (DIP)
stvle components.

Cost forms, cost man-hour dJdata tables, and equipment break-even cost models,
provide the Guidelines Manual user a direct approach for selecting the lowest
cost PWB component insertion method.

The comparisons required for solving assembly problems were based on
Industrv's five state-of-the-art assembly methods:

1. Manual Assembly - An operation using hand tools working to drawings
or illustrations.

2. Semimanual (NCT) Assembly - An operation using manual insertion

23




working to visual aids produced by a programmed indicating machine.

3. Semiautomatic (Pantograph) Assembly - A procedure using a template
3 guided pantograph insertion machine which is manually manipulated to position
l the PWB on a movable table under the insertion head.

4

|

i 4, Automatic (Computer) Assembly - A system using a computer or numeri-
t cally programmed insertion machine to position the PWB and install selected
i components.,

l 5. Combined Manual and Automatic Assembly - An operation using manual and
| machine insertion methods combined in a total system procedure. This system

. uses manual/semimanual methods to install components classified as non-insert-
] ables. The insertables can be installed by machines using automatic/semi-

; automatic methods.

| A typical axial lead pantograph insertion machine is shown in Figure 1 and
an automatic DIP insertion machine is depicted in Figure 2.

Figure 1 - Axial-Lead Pantograph Figure 2 - Automatic DIP Inserter
Inserter
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The review compared the five above described assembly techniques using
component mixes, lot sizes and production quantities which are representa-
tive of PWBs assembled in the electronics industry.

In pricing out the typical PWB, it was found that manual insertion was the
least expensive method up to 3,000 boards in lot sizes of 100 when equipment
was amortized over the single contract. On the same basis, automatic inser-
tion cost could not compete in quantities below 100,000 boards.

When equipment amortization costs are shared by other contracts, Numerical
Control Indicator (NCI) is consistently lower than manual insertion. It
remains 40% to 50% cheaper over a production range of 1000 to 50,000 boards.

Pantograph DIP insertion becomes cheaper than NCI at a production quantity
of 17,000 boards.

Computer DIP insertion is not competitive with pantograph DIP insertion
in lot sizes of 100 PWBs at any production quantity. Only when lot sizes
exceed 1,000 PWBs does computer DIP insertion become less expensive than
pantograph DIP insertion at a production level of 53,000 PWBs and above.

BENEFITS

Since this project was an investigation and analysis tangible monetary
savings would be difficult to estimate. The "Guidelines Manual" which re-
sulted from this effort, cataloged data into a usable format and provides a
method for determining the break-even point for automatic PWB assembly. It
also provides a referable cost information tool for procurement negotiations.

IMPLEMENTATION

Following project completion, the resultant "Guidelines Manual" was cited
in a national trade magazine. Due to this exposure, many copies were requested
and furnished to electronics firms.

MORE INFORMATION

Additional information may be obtained from Mr. James Kelly, CORADCOM, Ft.
Monmouth, NJ, AV 992-3276 or Commercial (201) 544-3276. The contract was
DAABO7-75-C-0029.

Summary Report was prepared by Stephen C. Yedinak, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY PREPORT
(rcs pcMT-302)

Manufacturing Methods and Technology project 276 9758 titled, "Production
Processes for Metal Nitride Oxide Semiconductors for BORAM" was completed

by the US Army Communications R&D Command in December 1979 at a cost of
§724,000.

BACKGROUND

Metal Nitride Oxide Semiconductor (MNOS), Block Oriented Random Access

Memory (BORAM) is an all electronic alternative to an electromechanical

memory system. This memory utilizes silicon IC technology to provide large

storage capacity, fast access time, high data transfer rates and nonvolatilitv.

Advantages include full military temperature range operation (-55°C to 125°C),

low-power consumption, retention of memory with power off, and high bit density

growth potential based on Very High Speed Integrated Circuits (VHSIC) and Verv

) Laxge Scale Integration (VLSI) advancement. R&D work jointly sponsored bv US

: Army Electronics Command and Naval Air Systems Command successfully demon-

L strated the technology. This was done by the design, fabrication and evalu-
ation of a computer secondary storage unit. It remained for an MMT nroject to
establish an economically viable production capability.

‘ SUMMARY

The objective of this project was to establish production processes for
MNOS BORAM. The work was performed by Westinghouse Electric Corp., Baltimore,
Maryland. A hybrid circuit packaging approach was selected to provide low
cost, high density, and growth potential. Each MNOS BORAM hybrid contains six-
teen monolithic IC's (6002 chips) epoxy bonded to an alumina substrate. The
: 24 pin hybrid device is shown in Figure 1. The BORAM 6002 chip is a 2048 bit
' device which contains a fully decoded random-access memory and a shift register
for data input/output. It is fabricated using P-channel metal gate technologyv.
The nitrate-oxide dual-dielectric insulator enhances reliabilitv and permits
both nonmemory and memory transistors within a single integrated circuit.

IC wafer fabrication and processing techniques optimized to reduce manufac-

turing costs include photolithography, chemical etching, cleaning, thermal

oxidation, phosphorus and boron diffusion, and nitride deposition. Nitride !
thickness control was improved by a change from Atmospheric Pressure Chemical

Vapor Deposition (APCVD) to Low Pressure Chemical Vapor Deposition (LPCVD).




Significant technical accomplishments included chip size reduction attained

by compression of memory array area, and tape carrier compatibility intro-
duced by proper chip oricntation. Gold ultrasonic wire bonding was used

tor the MMT preject because tape mounted chips were not yet available. Field
parasitic control and surface contour simplifications resulted from emploving
ion implantation to raise the field inversion threshold. Work on the hybrid
package included substitution of a welded 1id for a soldered lid. This change
would permit cclidding, rework and resealing. A computer controlled wire
bonder consisting of ultrasonic bonder, console, and disc memory was used to
connect BORAM chip pads to appropriate pads on the hybrid substrate. This
technique achieved speeds six times faster than the original manual overation.
Automatic probe testing was used to check each substrate for interconnect
patters continuity. Probe paths were optimized by software programming.

Figure 1 - Tape Carrier Bonded BORAM Hvbrid




BENEFITS

A pilot line capability was established for an all electronic solid
state MNOS secondary memory. Previously, this application had only been
demonstrated in R&D. Simpler fabrication methods resulted in fewer process
steps and higher yields. The work made a superior alternative to fixed-
head electromechanical storage available to the Army at affordable costs.

IMPLEMENTATION

Westinghouse is currently producing this MNOS BORAM device for major
military systems. The hybrid is incorporated in the Accident Information
Retrieval System (AIRS) produced by Hamilton Standard for AVRADCOM and in
the F-16 Radar produced by General Dynamics/Westinghouse. The device is
being evaluated for use in the Navy's Harpoon Radar and P-3 aircraft, and in
the Air Force's AN/ALQ-165 Airborne Self-Protection Jammer.

MORE INFORMATION

Additional information may be obtained from Dr. Herbert Mette, CORADCOM,

‘ Ft. Monmouth, NJ, AV 995-4995 or Commercial (201) 544-4995. The contract
was DAABQO7-76-C-0048.
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Summary Report was prepared by Stephen C. Yedinak, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMNMARY REPORI
(rcs DRcMT-302)

Manufacturing Methods and Technology project 276 9767 titled, '"Manufacturing
Methods and Technologv Measure for Dep sition of Thick Film Circuits for
Crvstal Oscillators" was completed by the US Army Electronics Research and
Development Command in June 1980 at a cost of $393,000.

BACKGROUND

The uneed for portable (battery-operated) remote battlefield sensing devices
generated the need for the development of lightweight, low-power, high
stability, and vibration-resistant oscillators.

This project's intent was to develop such components by combining high
stability, shock resistant quartz crystal resonators with the high production
cpability of thick-firm hybrid circuitry.

The particular device selected to demonstrate the technology was a Tempera-
ture Compensated Voltage Controlled Crystal Oscillator (TCVCX0). The unit is
energized by a single, 12-volt power supply and dissipates a maximum power of
50 milliwatts, Frequency, determined by the quartz crystal, is in the 17-20
MHz range; output waveshape is gquasi-sinusoidal.

SUMMARY

Raytheon at Quincy, Mass., established the materials, processes and tech-
niques for a thick film hybrid TCVCXO. The device was comprised of two
hermetically sealed thick film hybrid, microcircuit substrate assemblies: the
linearized Voltage-Controlled Crystal Oscillator (VCX0), and the Temperature
Compensated Diode Function Generator (TCFG). These two submodules were mounted
back-to-back and electrically mated via interconnecting straps. The required
crystal and a potentiometer were epoxied to the VCX0O metal cover and the entire
package was encapsulated in the form of a truncated cylinder. The goal was to
demonstrate a pilot line with a maximum production rate of 125 units per week.

Processes utilized for the TCVCXO fabrication included: semi-~automatic
thick film screen printing, solder reflow, eutectic die bonding, ultrasonic

ball bonding, corraling, active and passive laser trim, and parallel seam~
welding.

Figure 1 summarizes the overall manufacturing sequence starting with the




bare substrates, their progress through the various manufacturing steps
leading to the VCXU and TCFG submodules and their marriage to vicld the
tinalized TCVCXO unit.
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Figure 1 -~ TCVCXO Manufacturing Sequence Summary

Due to low yields and high cost, all work was terminated at the completion
of the confirmatory phase. It was concluded that to achieve the required
price and production rate goals, would necessitate applving a new cost
effective automated assembly technique such as the hermetic chip carrier. It
would also require automated in-process and functional testing.

Project results were limited to a TCVCXO production capabilityv of 50 units
per month at high cost.

BENEFITS

Although the effort was not successful in meeting project objectives, some
significant technical accomplishments were made. The circuit density (140
elements per 1.5 x 0.9-inch substrate) and range of deposited resistor values
for this application, was more than twice that of the previous industry
standard.

The project identified cost effective automated assembly and test methods
which, if pursued, should lead to cost reduction and higher production rates.

PUTIPITS SNPRPSE P




. IMPLEMENTAT 10N

Project results were utilized in the fabrication of 500 TCVCXO devices

purchased under a separate contract and supplied as GFE to the REMBASS
ED program.

A final contractor report detailing the TCVCXO production processes
utilized was distributed to both Industry and Government.

MORE INFORMATION

Additional information may be obtained from Mr. Stanley Schodowski,
ERADCOM, Ft. Mommouth, NJ, AV 995-2602 or Commercial (201) 544-2602. The
contract was DAABO7-76-8119.

Summary Report was prepared by Stephen C. Yedinak, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
.. (Rcs DRCMT-302)
Manufacturinig Metho&é and‘Technology projects 577 3947 and 578 3947
titled, "Thick Film"Hybrid Circuits for XM587E2/XM724 Fuzes' were completed

by the US Army Armament Materiel Readiness Command in June 1980 at costs
of $150,000 and $556,000, respectively.

BACKGROUND
XM587E2 and XM724 electronic fuzes are used to select time burst intervals
for 105mm and 155mm projectiles. These devices contain hybrid circuits which

at present contribute substantially to fuze cost.

Previous MMT projects 271 9334 and 271 9335 conducted on XM587E2/XM724

hybrid circuits sought to raise yields and lower costs, but were not entirelv

successful. In addition, the state of the art in hybrid production has now

‘advanced sufficiently to render these early efforts obsolete.

The current MMT project was specifically directed at two hybrids, the
Oscillator Circuit and the Interface and Firing Circuit (IAFC). However, the
processes investigated could be used in any application invelving high volume,
low-cost hybrid circuits.

SUMMARY

The project's objective was to establish large scale, inexpensive
manufacturing techniques for two hybrid circuits used in the XMS587E2/XM724
fuzes. Work was contracted to two firms: Honeywell Avionics Division, Tamna,
FL, and RCA at Burlington, MA. Honeywell was tasked with devising improved
manufacturing methods for the hybrid Oscillator Circuit, and RCA was assigned
the same for the Hybrid Interface and Firing Circuit. These hybrids are de-
picted in Figures 1 and 2, respectively.

Processes optimized by Honeywell to achieve lower manufacturing costs
include solder screen, leadless component mount, solder reflow, laser trim,
and tape automated bonding (TAB) of IC chips.

The TAB process used IC chips which were inner lead bonded to a 35mm film
strip carrier. In this form, the chips are easily stored, tested, or auto-
maiically assembled onto substrates. Inner lead bonding was performed on
the semi-automatic Honeywell Bull inner-lead bonder.
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Figure 1 ~ Thick Film Hybrid
Oscillator Circuit

Figure 2 - Thick Film Hybrid
Interface and Firing
Circuit (IAFC)

The Jade 4810 Massbonder was used to excise the TAB IC chips from the
35mm tape, form the leads, disperse a small amount of epoxy, and place the
IC on the epoxy and the formed leads in the solder on the substrate. Active
laser trim was performed with the Electro Scientific 125 Laser Trim System.

Honevwell assembled a pilot line which achieved a production rate of
approximately 650 devices per hour. This was the hourly rate that was re-
quired to produce 110,000 circuits per month on a one shift, 8-hour per shift,
5-day week operation. A total of two thousand completed devices met project
goals and were delivered to the Government. An average cost of $3.90 per
hybrid was calculated based on a one million unit production run and the pro-
duction rate stated above.
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Processes and operations optimized by RCA to achieve lower manufacturing
costs include solder screen, laser trim, eutectic bonding, solder reflow, auto-
matic wire bonding, lead frame assembly and transfer molding. Equipment used,
included the Dixon Robot for chip placement, and the GCA programmable auto-

. matic wire bonder for chip interconnection.

RCA demonstrated a pilot line which achieved a production rate of approxi- |
! mately 650 hybrids per hour. This rate was based on methods and equipment ‘
equivalent to that needed for producing 110,000 units per month on an 8-hour
shift, 5-day per week schedule.

The eight hundred devices RCA delivered to the Government were below the
goal of two thousand. This discrepancy was caused by wire bonding problems
which were later corrected. The use of learning-curve projection showed that
a $5.00 unit average cost for quantities over a million is realizable,

BENEFITS

‘ The techniques introduced significantly reduced the number of operating
personnel. The cost reductions, while not yet verified, are expected to be
approximately $20 per fuze (including anticipated savings from MMT project
578 3907 for the XM724). At a planned production rate of 720K per year, the
annual savings could exceed $14 million.

IMPLEMENTATION

An action is now in progress to correct a discrepancy in the XM587E2/
MX724 fuze design not related to this project. Processes developed by this
MMT will be incorporated into fuze production runs after the alternate XM587E2/
XM724 design passes qualification. The XM44SET fuze for the Multiple Launch .
Rocket System (MLRS) is now in engineering development and is using these
project results in its design hardware.

MORE INFORMATION

Additional information may be obtained from Mr. Alan Reiter or Mr. Robert
Johnson, Harry Diamond Laboratories, Adelphi, MD, AV 290-2650 or Commercial
(201) 394-2650., The contract was DAAG39-78-C-0002.

Summary Report was prepared by Stephen C. Yedinak, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(rRcs prcMT-302)

Manufacturing Methods and Technology projects 077 5071 titled, "Improve-
ment of TECOM Production Test Methodology Engineering Measures' was
completed by the US Army Test and Evaluation Command in August 1980

at a total cost of $828,700.

BACKGROUND

This project is a continuing effort to update and develop new produc-
tion testing technology consistent with advances in the manufacture of Army
equipment, The TECOM test equipment and facilities capabilities must be
continually advanced in relevant technology areas to keep pace with the
Army equipment production testing requirement. Advancement must be made both
by increasing capabilities of existing facilities and by developing new
methodologies, techniques, and facilities.

SUMMARY

This project consisted of the following tasks: Acceptance Test Pro-
cedures, Refinement of Titanium Armor Specification MIL-T-46077, Backspalling
Characteristics, Ricochet Range Requirements and Feasibility Study, Definition
of Unsatisfactory Ignition and Methods of Evaluation, Halogen Leak Detection
Methods, Small Caliber Weapon Cook-off Testing, Small Arms Ricochet Investi- .
gation, Assessment of Risk in Accepting Material not Conforming to EMI Re-
quirements, Test Operations Procedures, Cooling Capacity of Air Conditiomers
and Calibration of Psychrometic Cell, Work Breakdown Structure Applied to
TOPs, Smoke Obscurant Test Procedures, Applications of Simulation Technology,
IFF System Test Procedures, and Salt-Fog Test Evaluation.

Of these tasks, all have been completed with the exception of Test Opera-
tion Procedures and Acceptance Test Procedures which are continuous efforts.
The following tasks are representative of the objectives and results of the
work accomplished b~ this project.

RICOCHET RANGE REQUIREMENTS AND FEASIBILITY STUDY

The objective of this task was to determine the requirements and the

feasibility for establishing a large and small caliber ricochet range at
Aberdeen Proving Ground (APG). This study included the identification of

range size and location, facilities and construction requirements. As a
result of this effort, it was recommended that a ricochet testing range be




.

established at the existing APG trench warfare range. In order for this
range to be used for ricochet testing, a number of improvements would be
required., These improvements consist of constructing a gun position, target
pad, and several roads.

SALT FOG TEST EVALUATION

The objective of this task was to establish the validity of federal and
military Salt-Fog test and, if possible, formulate a program to correlate
laboratory tests with the actual conditions experienced. A standard salt-fog
test generally consists of a continuous exposure to a fine mist of salt (NaCL)
solution under constant temperature and humidity conditions. In actual salt
atmosphere, there are many variables that are not included in lahoratory tests.
As a result of this study, it was concluded that the existing Salt-Fog tests
are acceptable for evaluating uniformity of protective coating, once some
: standard level of performance has been established. These tests do not simulate
or duplicate exposure to actual salt-atmospheres.

BENEFITS

In general, the benefits realized by the Army from these projects included
improved production testing facilities, methodologies, techniques and data
collection systems. Specifically, the benefits derived from the tasks cited
herein are as follows:

RICOCHET RANGE REQUIREMENTS AND FEASIBILITY STUDY

A Richochet Range plan including location and size, facilities and con-
struction requirements was prepared and submitted for approval.

SALT-FOG TEST EVALUATION

The results of the study produced a recommendation to continue the use of
existing Salt-Fog Tests for eviluating protective coatings and corrosion resis-
tance. There were no recommendations that suggested changing the Military
Standard or TECOM Test Operation Procedures.

IMPLEMENTATION

The Ricochet Range plan was approved and the funds have been requested
for the comstruction of the gun position, target pad and roads.

MORE INFORMATION

Additional information may be obtained by contacting the project officer, ]
Mr. G. H, Shelton, AV 283-3677 or Commercial (301) 278-3677.

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

37




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
, (Rcs DRCMT-302)
Manufacturing Methods and Technology project 374 3070 and 375 3070 titled,

"NDT Method for Small Composite Rocket Motor Components' was completed by
the US Army Missile Command in January 1977 at a cost of $220,000.

! BACKGROUND

Current rocket motor components are being fabricated with various epoxy
composite material, fiberglass, graphite and PRD-49. The present inspection
techniques for these components are destructive tests; actual motor firings,

3 and complete motor dissection. These destructive tests are both time
‘ consuming and expensive.

SUMMARY

The objective of this effort was to develop, design and fabricate a proto-
type nondestructive inspection (NDI) system for composite rocket motor compo-
nents. This effort consisted of two phases. The first phase entailed the
evaluation and laboratory demonstration of three candidate NDI techniques; laser
holography, low frequency ultrasonics and image enhancement radiography. The
results indicate that a combination image enhancement radiography and low
frequency ultrasonic technique was required for a reliable inspection system.
The radiographic technique would be used to examine the cartridge and the
ultrasonic technique would be used for cartridge-to-outer case bond.

The second phase involved the technical refinement of the x-ray/ultrasonic
system and the fabrication and demonstration of a prototype high speed NDI
inspection system, Figure 1 and 2. This system has the capability to inspect
one complete cartridge per minute and one assembled unit every thirty seconds.
The radiography cartridge inspection system includes an automatic handling/
rotating hardware and a high resolution TV/video tape deck for analysis and
data recording. The automatic ultrasonic case-to~case bond system includes
a multi-transducer bank for large area scanning and a chart readout for data
recording.

BENEFITS

The results of this effort demonstrated that an automated nondestructive
inspection system could be used to ingpect composite rocket motor components.




Figure 1 - Radiographic NDT System
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i Figure 2 - Sonics NDT System é
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IMPLEMENTATION :

o i
i The results of this project are available for implementation. This .

system basically meets the speed and accuracy requirements and is an :

. accéptable system for testing small composite rocket motors.

‘ MORE INFORMATION ;

To obtain more information, contact the project officer, W. Crownover,
! AV 746-5821 or Commercial (205) 876-5821.

S (e M

| Summary Report was prepared by Delmar Brim, Manufacturing Technology

Division, US Army Industrial Base Engineering Activity, Rock Island, IL
61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 471 4271 titled, "Soundness
Evaluation of Heavy Armor Production Castings Using Automated Ultrasonics”
was completed in June 1974 by the US Army Tank Automotive Command (TACOM)
at a cost of $125,000.

BACKGROUND

The present M60 tank front hull casting radiograph inspection technique,
is inadequate as it allows the acceptance of defective casting. This radio-
graphy technique does not have the capability to detect microporosity which
has a detrimental influence on the ballastic integrity of armor castings. The
application of a ultrasonic inspection technique would minimize the acceptance
of defective tank hull and reduce the inspection costs.

This project is the second phase of a two-phased effort. The first phase
adapted an existing ultrasonic system to inspect the M60 tank front hull
castings. This phase was initiated to develop a computer system to enhance 1
the M60 tank front hull casting void identification process. 1

SUMMARY

The two objectives of this phase of the effort were: (1) to develop a
computer capability including the software to enhance the automated ultrasonic
inspection equipment void identification, (2) to perform soundness evaluations
by establishing correlation profiles between radiography and ultrasonic data.
The results of this phase of the effort produced a computerized automated ultra-
sonic inspection system, Figure 1. This system has the capability to rapidly
identify void sizes and locations. The evaluation which compared internal
soundness of M60 tank front hull castings using both radiographic and ultrasonic
inspection techniques, established that the ultrasonic method was exceedingly
more reliable and sensitive to all defect sizes.

BENEFITS

The results obtained from this effort demonstrated that the ultrasonic
inspection technique was exceedingly more reliable and sensitive to detecting
voids in the M60 tank front hull casting than the radiography technique.




Figure 1 - View From Opposite Side of Tank Hull Inspection System,
Scanning Bridge is at Left, Computer and Translater Cabinet are at Right,

IMPLEMENTATION

The results of this effort are available for implementation. However,
it should be noted that the state of the art in the field of ultrasonic
testing has progressed since this system was designed and built. Certain
aspects of the system should be updated to reflect the latest state of the
art advancements prior to implementation.

MORE INFORMATION

Additional information on this effort is available from A. Fisher,
TARADCOM, AV 273-2712 or Commercial (313) 573-2712.

Summary Report was prepared by Delmar Brim, Manufacturing Technology

Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299,




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology project 573 3048 and 574 3048
titled, "Oscillator Sensitivity Measurement Technique" was completed by
the US Army Armament Command in September 1975 at a cost of $150,000.

BACKGROUND

The measuring of production fuze oscillator sensitivity is currently
being performed by a pole test. This test is performed in an outside area
free of radio reflecting objects using a 40 x 40 ft. metal ground screen
reflector. There are a number of problems associated with pole tests:
weather limitation, interference and security,

SUMMARY

The objective of this effort was to design, fabricate, and test a
proximity fuze sensitivity tester using standard laboratory equipment and
a thirty-two cubic foot anechoic chamber. The results of this effort
established that production line proximitv fuze sensitivitv testing can
be performed in a small anechoic chamber using the oscillator sensitivitv
measurement technique. This testing is accomplished by placing the fuze
under test in a fixed position in the chamber, Figure 1.

The fuze sensitivity is determined by first measuring the fuze radiated
power. Then, after accounting for all losses in the system, a signal is
"played back'" to the fuze at a magnitude which simulates a given height
above an infinite plane reflector at a prescribed reflection coefficient.
The fuze detector response to this signal is recorded as a measure of
fuze sensitivity. (The system error of the chamber was determined to be

10.4 percent). Careful positioning of the fuze with respect to the antennas

is important in reducing the measurement error.

BENEFITS

The results of this effort demonstrated that 1007 testing of proximitv
fuze sensitivity can be performed in a production environment using this
oscillator sensitivity measurement technique.
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Figure 1 - Anechoic Chamber Antenna and Fuze Test Positions

IMPLEMENTATION

The oscillator sensitivity measurement system is available for implemen-~
tation. Currently, this system is being used by HDL to support proximity
fuze work.

MORE INFORMATION

To obtain more information, contact L. M. Tozzi, AUTOVON 290-3140 or [
Commercial (202) 394-3140. ;

Summary Report was prepared by Delmar Brim, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY 3
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 574 3063 titled, 'Fuze
Lot Acceptance Equipment" was completed in March 1975 by Harry Diamond
Laboratories at a cost of $299,000.

BACKGROUND

This project was initiated to modernize the production fuze and component
testing capabilities by developing new prototype fuze testing equipment.
This prototype equipment consists of electronic, electro-mechanical, and
mechanical functioning mechanisms. The tests to be supported by this equip-
ment include: first article, lot acceptance sampling, engineering control
sampling, stockpile reliability tests, product improvement evaluations,
techbaical data package verification and production testing.

SUMMARY

This effort consisted of four tasks: (1) automatic production line
testing, (2) fuze tester calibrator, (3) fuze power supply initiator (battery)
tester, (4) target signal simulator. Three of the four tasks were success-
fully completed; the results of the four tasks were as follows:

Automatic Production Line Fuze Testing

The objective of this task was to determine the feasibility of automating
the XM732 fuze production line using a realtime executive computer program to
control the testing and materiel handling. The feasibility of automating this
line using a realtime executive computer program was demonstrated using an
HDL Fluidic Laboratory Test Station. It was concluded that this approach
appeared to be ideal for high volume load/unload production line testing. It
was strongly recommended that the automated XM732 load/unload production line
testing be so designed to allow for testing of future fuzes.

Fuze Tester Calibrator

The objective of this task was to design and fabricate a production proto-
type fuze test calibrator. The capabilities of this prototype calibrator
included an accurate and rapid method for determining whether on-line production
fuze testers are operating within specified and/or calibrated limits. This
prototype calibrator was also designed to allow for the calibration of future




fuze testers.

Fuze Power Supply Initiator (Battery) Tester

The objective of this task was to design and fabricate a fuze power
supply initiator prototype tester. This prototype tester has the
capability to simultaneously apply both spin and setback forces to initiate
the power supply (battery). This initiator was designed for ease of operation
in a production environment with the capability to initiate the P5115 battery
at spin rates of 50 to 60 RPMS.

Target Signal Simulator

The objective of this task was to design and fabricate a reliable, low
cost proximity fuze target signal prototype simulator capable of simulating
closing target signals. The prototype was fabricated; however, the performance
did not meet the signal output design specification. The performance problem
was attributed to the frequency response and switching transients. Even
though there are solutions to these problems, they depart from the original
goal of producing a low cost simulator. As a result, the work was terminated.

BENEFITS

The benefits realized by the Army from these efforts are as follows:

Automatic Production Line Fuze Testing established that XM732 fuze pro-
duction line could be automated using a real time executive computer program
to control the testing and material handling.

Fuze Tester Calibrator provided the capability to perform the calibration
of on-line production fuze tester with a minimum amount of down time.

Fuze Power Supply Initiator (Battery) Tester provided the capability to
simultaneously apply both spin and setback forces required to test the PS115
power supply.

IMPLEMENTATION

Automatic Production Line Testing concept is being used to produce the
Patriot M818 fuze.

Fuze Test Calibrator is being used to calibrate the Patriot M818 on-line
production fuze tester.




Fuze Power Supply Initiator (Battery) Tester is presently being used
to perform the M732 in house acceptance testing.

MORE INFORMATION

More information can be obtained by contacting Mr. H. A. Brann, AV
290 3077 or Commercial (202) 282-3077.

Summary Report was prepared by Delmar Brim, Manufacturing Technology i

Division, US Army Industrial Base Engineering Activity, Rock Island, IL
61299.




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 671 7061 titled, 'Material
Evaluation Techniques for Laser Characteristics by the X-Ray" was
completed in June 1973 by the US Armament Materiel Readiness Command at
a cost of $75,000.

BACKGROUND

Improved inspection techniques were needed by Frankford Arsenal to
identify laser-grade crystalline material before it entered the expensive
manufacturing process for finished rods. Only three out of ten laser
rods for the XM23 range finder were found satisfactory and 807 of their
unit cost went into highly skilled labor, inspection, and diamond machining
of the as-grown ruby boule.

Imperfections, in ruby or other crystalline materials, (both line and
point) had affected the end item lasing action by requiring higher threshold
energy and produced increased beam divergence and nonuniform patterns. This
MM&T project was established to further the evaluation of x-ray techniques,
establish inspection methods, and publish shop practices for contractor and
Government use.

SUMMARY

This effort was conducted in-house to evaluate the inspection techniques
of (1) Laue photography, (2) Chemical etching and etch pits, (3) Precision
alignment using characteristic x-radiation, and (4) Kossel patterns.

Back reflection Laue photographs were taken on coordinate areas of Verneuil
ruby specimens that were polished into parallelpipeds with a pair of faces
perpendicular to the "C" direction. Photographic data indicated that both
changes in the "C" direction and the degree of strain were nonuniformly dis-
tributed throughout the ruby. Test results confirmed that the Laue back
reflection method could be used to evaluate ruby but efforts were diverted
to the more effective Kossel method.

The etch-pit method was investigated as a check on the mosaic substructure
in ruby. Cubes, a tetrahedron, and other shapes of ruby were etched at
various temperatures and times by reactive chemicals such as orthophosphoric
acid or potassium bisulfate. Results indicated the process to be too
indefinite for a shop practice to evaluate ruby specimens.
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Characteristic x-rays from a copper target, when used in a Laue i
pattern method, were tested on ruby specimens to verify sensitivity for ’
determination of slight wander in the '"C" axis direction. Findings indi-
cated that this method for measuring the "C'" direction can be accurate to
0.1° with only a 45-second exposure time. A higher resolution film would
provide improvement but additional evaluations were necessary for this
( approach to become a shop practice.

Tests with the most promising x-ray method, known as the Pseudo-Kossel
technique, were made part of a separate in-house effort and results were
published in Memorandum Report M72-20-1. A Kossel generator or special
x-ray unit at Ballistic Research Laboratory was used (in three-minute ex-
posures) to photograph the crystalline structures of ruby, sapphire, and
beryllium. Computer generated Kossel patterns were also produced to compare
the anticipated photographic traces of the specimens exposed to radiation
from the Kossel generator. Figure 1 shows a ruby Kossel pattern where the
dark, lens-shaped areas in Figures 1.B and 1.C depict strain. Data from the
' photographed test specimens compared favorably with the computer generated
i drawings. The work demonstrated the method to be quite sensitive for quick
assessment of the overall quality of laser boules and was highly recommended
} for implementation. However, project funds were depleted before adequate
= data for shop practices could be established.

Figure 1 - Stereographic Representation of Ruby Pseudo-
Kossel Pattern Showing the Expected Effect of

A. Strain-free material

B. A One Percent Linear Strain
C. A One Percent Hydrostatic Strain
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BENEFITS

Army innovation of the Kossel method was planned for materials
inspection in support of laser range finders AN/GVS-3, CGR TCV-15, AN/VVS-1
and other systems in the design stage. Private industry was expected to
install several Kossel generator units and result with lower costs for
future laser systems.

.

?
b
E‘
;
;

IMPLEMENTATION

Over two dozen contractors and Government agencies were provided copies H
of Memorandum Report M72-20-1 which pointed out the advantages of the Kossel :
technique for evaluating laser materials. Private industry has set up the
Pseudo-Kossel generator for crystal structure analysis. Further efforts by
Frankford Arsenal were planned under MM&T project 674 7498.

MORE INFORMATION

. Additional information on this project can be obtained from Mr. N. Scott,
‘ ARRADCOM, AV 880-6430 or Commercial (201) 328-6430. Frankford Arsenal Memo-
randum Report M72-20-1 titled, "Observation of Crystalline Defects in Ruby
Using Pseudo-Kossel Methods" dated August 1972, is available to qualified
users. A shop practice titled, "Manufacturing Process M-1: Laser-Maser
Elements, Locating the Optics and Mechanical Axes" was also prepared to ex-
plain the crossed poloroid technique.

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




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 674 7476 titled, "Testing
Techniques for Laser Materials and Components" was completed by Frankford
Arsenal in June 1975 at a cost of $75,000.

BACKGROUND

Currently, Neodymium (Nd) YAG lasers are functionally tested as completed
assemblies. If the laser cavity or any of the critical resonator components
are found to be defective, a costly disassembly and reassembly operation must
be performed. Prior to assembly, only physical and optical measurements are
made on the Nd YAG laser cavities and the critical resonator components of
laser rods, lithium niobate Q-switching crystals, and flashtubes. These
measurements are not sufficient to insure a properly functioning assembled
laser. To minimize the costly disassembly and reassembly operation, a simulator
for evaluating the laser cavity and the resonator components prior to assembly
was required.

SUMMARY

The objective of this effort was to design, fabricate and test a Nd YAG
laser cavity and critical resonator component prototype testing simulator.
This effort produced a prototype laser testing simulator. This simulator has
the capability to simulate normal laser cavity firing conditions and to serve
as a laser reference standard cavity for comparative evaluation of the critical
resonator components. This device includes the following features: Pocket
cell-gq-switched Nd, YAG cavity on a linear array with terminating mirrors,
lithium niobate crystal, calcite polarizing crystal, and a laser rod-flashtube
arrangement inclosed by a cavity coupling reflector.

BENEFITS

This effort demonstrated that YAG laser cavity and critical resonator com-
ponents can be individually tested using simulation. The simulation testing
of these individual laser cavities and components insures the proper func-
tioning of the laser.

51




IMPLEMENTATION

;d This Nd YAG laser cavity and critical resonator component testing
‘ simulator was used to test individual cavity and resonator component
. for the AN/VVG~1 and AN/VVG-2 laser rangefinders.

MORE INFORMATION

Additional information on this effort may be obtained by contacting
N. Scott, ARRADCOM, AV 880-6430 or Commercial (201) 328-6430.

Summary Report was prepared by Delmar Brim, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RcS DRCMT-302)

Manufacturing Methods and Technology project 674 7479 titled, 'Testing
Techniques for Stabilized Optical Sights' was completed in Januarv 1976
at a cost of $50,000.

BACKGROUND

Currently, there are numerous commercial and militarized hand-held
stabilized optical devices and sights manufactured that provide image motion
compensation. These sights and devices are manufactured and tested to indi-
vidual contractor specifications. The lack of standarized procurement specifi-
cations for the manufacturing and testing of these sights has become very
costly to the Army.

SUMMARY

The objective of this effort was to develop an Army standarized procure-
ment description for the manufacture and testing of stabilized optical devices
and sights. The results of this effort produced a purchase description for
stabilized sighting system (SSS). This purchase description described the re-
quirements for a light observation helicopter (LOH) crew fixed power optical
sight to identify tank-type 3m x 3m targets from a safe stand-off range greater
than 3 km. The hand-held system was to be flexibly mounted with a magnification
of 8 power. This description included the SSS performance requirements; general,
optical, mechanical, electrical specification as well as the testing require-~
ments. The testing requirements included test methods and procedures for en~
vironmental, electrical, optical and operability.

BENEFITS

The benefit to be realized by the Army from this effort was the procure-
ment of a low cost LOH 58A stabilized sighting system,

IMPLEMENTATION

The purchase description developed by this effort enabled the Army to
procure a militarized version of the STEDI-EYE Mark IIT stabilized sighting
system for the LOH 58A. :




MORE INFORMATION

Additional information on this effort may be obtained by contacting
N. Scott, ARRADCOM, AV 880-6430 or Commercial (201) 328-6430.

e

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




MANUFACTURING METHODS AND TECHNOLOGY
PROJECI SUMMARY REPORT
(Rcs DRCMT-302)

Manufacturing Methods and Technology project M766350-1806, titled,
"Development of Improved Test Methods for Determining Fuel Resistance

of Elastomers,'" was completed by the Mohility Equipment Research and Devel-
ment Command in October 1978 at a cost of $45,000.

BACKGROUND

Leterioration of rubber or rubber-like (elastomeric) end items, such
as gaskets, o-rings, bases, and coated fabrics used in fuel storage tanks,
is essentially proportional to the aromatic content of the fuel to which
the elastomer is periodically or continually exposed. The technology of
producing gasolines and their ultimate composition is constantly changing.
Fuels having an aromatic content as high as 60 percent are known to be in
use to satisfy certain engine performance requirements. The development
of the three distinct classes of gasolines, leaded, low-leaded, and unleaded
to satisfy tighter exhaust emission control standards, has created additional
problems. Additives placed in, or removed from, fuels to reduce emission
pollution have confounded correlation of these deterioration/aromatic-content
relationships.

Fuel resistance of elastomeric compounds is generally determined by
measuring the amount of swelling and deterioration of the materials' physical
properties after immersion of specimen in standard reference fuels of known
aromatic content. These reference fuels are detailed in ASTM Method D-471
(Tests for Effects of Liquids on Rubber Properties) and Method 6001 (Liquid
Treatment Tests, General) of Federal Test Method Standard (FTMS) 601 (Rubber:
Sampling and Testing). These standard fuels are either 100 percent by volume
or various mixtures of 100-octane gasoline (isooctane) and the aromatic com-
pounds of toluene, xylene, and benzene. For example, Reference Fuel A of
D-417 corresponds to Medium No. 4 in Method 6001 and is composed of 100 per-
cent isooctane, and Reference Fuel B of D-417 corresponds to Medium No. 6
in Method 6001 and is composed of 70 percent isooctane and 30 percent toluene.
There are many similarities in test fuel composites between the two documents
but also several differences. Because of discoveries relative to the
carcinogenic nature of benzene, OSHA directives forbidding its further use
has negated continuing the use of benzene in the reference fuels.




SUMMARY

The objectives of this project were (a) evaluate the fuel resistance of
representative elastomeric compounds in commercial, low-leaded, and un-
leaded gasolines; (b) ascertain whether relationships could be established
between the severity of deterioration and the relative content of aromatic
constituents or other additives in gasolines; (c) determine the relevance
of the various aromatic components (particularly benzene) and to determine
their individual contribution to elastomer deterioration; (d) recommend a
satisfactory alternative to the use of benzene; and (e) provide recommenda-

tions which would affect adoption of a series of reference fuels to both
ASTM and DOD.

The results of this effort produced a number of findings. These findings
are listed below.

a. Due to the wide variation in type and level of aromatic constituents
of unleaded, low-leaded and leaded commercial fuels, the use of laboratory

reference fuels to approximate today's commercial fuels is preferred to use
of actual fuels.

b. The presence, absence or concentration of lead in commercial fuels
cannot be correlated with relative degradative effects on elastomers.

c. Unleaded fuels by virtue of their generally higher aromatic content,
are somewhat more deleterious to elastomeric compounds, but the anomalous
presumably relate to the presence of other additives.

d. Changes in physical properties of elastomeric compounds exposed to
laboratory test fuels of increasing aromatic content (30-70%) occur at a
rate proportional to the percent of aromatic content.

e. The benzene content of commercial fuels is sufficiently low, less
than 5%, to justify elimination from laboratory test fuels in compliance
with OSHA directives.

f. The substitution of toluene for both xylene and benzene in a 40%
aromatic reference fuel in the FTMS would have no adverse effect on the
reliability of estimating the deleterious effects of fuels on elastomeric
compounds.

BENEFITS

The benefits accruing to this project are threefold: (a) existing and
reformulated laboratory test fuels are verified as effective in estimating
deterioration of elastomeric compounds in storage tanks for currently
available commercial gasolines; (b) improved health enviromment is achieved
in compliance with OSHA directives; and (c) standardization is realized
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between DOD and the private sector by mutual use of standard laboratory test

fuels.

IMPLEMENTATION

These new test fuels were proposed to ASTM for inclusion in D-471 and
were adopted in late 1979. In addition, Sections 1 through 8 (on the test
fuels) of the new ASTM D-471 have been proposed for adoption by DOD/GSA in

lieu of Method 6001 of FTMS 601.

MORE INFORMATION

To obtain more information, contact the project officer at MERADCOM,
Mr. Paul E. Gatza, AUTOVON 354-5488 or Commercial (703) 664-5488.

Summary Report was prepared by Delmar Brim, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island,' IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECI SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project M76 6350-1831 titled, "Hot
Forging Wall Variation Measurements,'" was completed in June 1979 by
Watervliet Arsenal at a cost of $80,000.

BACKGROUND

With the introduction of the rotary forge at Watervliet Arsenal, a
new line of wall thickness inspection equipment was required. The increased
production rate of the rotary forge required the cannon tube wall thickness
to be inspected in the "as-forged condition'" or hot. With the increased
production rate of the rotary forge, as many as 40 out of tolerance tubes
could be produced if this inspection was not performed in the "as forged
condition."

SUMMARY

The objective of this effort was to develop an ultrasonic based system
that would incorporate proven high temperature transducers and adapt them
to the measurement of wall thickness variation of hot cannon tube forgings.
An ultrasonic inspection system for the 105mm, M68 cannon tube was fabri-
cated utilizing hydraulic pressure to bring the ultrasonic transducers
in contact with the hot forgings and to establish the coupling between the
transducer and the forging, see Figure 1. Wall thickness measurements are
taken simultaneously at four positions on the tube circumference. These
cross—section wall thickness measurements for each position are displayed
on a computer printout.

BENEFITS

Savings of $180,000 per year are expected. This system will enable
production personnel to closely monitor the wall thickness of the forgings
on a timely basis thus eliminating the production of defective run tubes.

IMPLEMENTATION

The ultrasonic inspection system for the 105mm, M68 cannon tube is now
in operation at the Watervliet Arsenal's rotary forge site. A final
technical report, WVI-QA-7901, titled "Hot Wall Thickness Variation Measure-
ment System," May, 1979, was distributed throughout the Government and is
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available from the Defense Technical Information Center.

S
AL SlAUN YrAR

IMPLEMENTATIUN: watervllet
Arsenal

BENEF1TS:
——

5 Measures wail thickness of
hot production forgings.

Precludes continued
production of rejection
tubes {as many as 40)
1f tnspection has to
be delayed until the

1 forgings have cooled.

Computerized equipment
prints out thickness
variation at four
points around tube

{ ctrcumference at
various intervals

' along tube length.

Figure 1
Hot~Wall Thickness Variation Measurement System

MORE INFORMATION

To obtain more information, contact the project officer, S. J. Krupski,

AUTOVON 974-5697 or Commercial (518) 266-5697.

™

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

61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORI
(rcs DRcMT-302)

Manufacturing Methods and Technology project M76 6350-1834 titled, 'X-Ray
Fluorescence Analysis of Composite Propellants for Army Missile Systems,"
was completed by MICOM in June 1977 at a cost of $85,000.

BACKGROUND

Solid composite propellants are used in the propulsion systems of many
types of Army rockets and missiles. These composite propellants, depending
on the particular application, are composed of various combinations of a
rubber-~base binder; an oxider such as ammonium perchlorate, a fuel such as
aluminum powder, a ballistic modifier such as ferric oxide, and an aliphatic
or aromatic ester type plasticizer. The propellant mechanical properties are
controlled primarily by the type of binder system used and the binder-solids
interaction characteristics. The propellant ballistic and rheological
properties are strongly affected by the particle sizes of the solids and the
types and percentages of the ballistic modifier and plasticizer. The propel-
lant burning rate at fixed pressure is a particularly significant ballistic
parameter and the particle size of the ammonium perchlorate plays a significant
role in rate adjustment and control.

Clearly, both the propellant ingredient percentages and the solid particle
sizes must be carefully controlled during propellant manufacture to insure
that the finished propellant will have acceptable performance and reproducible
ballistic, mechanical, and rheological properties. Although uncured composite
propellants can be anmalyzed by a combination of existing wet-chemical and
instrumental methods, these methods lack the speed and selectivity required for
routine quality control applications in propellant manufacturing. Moreover,
existing instrumental methods are not suitable for controlling the particle
sizes of propellant solids after they are incorporated in the propellant.

SUMMARY

The objective of this effort was to establish a nondestructive test (NDT)
x-ray fluorescence analysis system. The system was successfully developed
and is considered ideal for application to propellant production because of
its speed, precision, and nondestructive nature. Typically, the composition
of a composite propellant batch can be determined within 15 to 30 minutes, thus

. .
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enabling substandard batches either to be discarded or corrected prior to
casting into motors. The method applies equally well to cured and uncured
propellant samples.

BENEFITS

The results of this effort demonstrated that a rapid NDT system with a
high degree of precision and accuracy, could be used to inspect composite
propellants. This x-ray fluorescence NDT system is unique in its ability
to determine both ingredient percentages and in-situ particle sizes as well
as combinations of these parameters.

IMPLEMENTATION

Atlantic Research Corporation utilized this technology during the engineering
development phase of the VIPER Missile to monitor Arcadene-358 propellant
batches for variations in ultrafine ammonium perchlorate agglomeration. The
Army's General Support Rocket Booster Office (GSRS), and NASA'S Space-Shuttle
Solid Rocket Booster Office are considering this technology for production
applications. A final technical report, TK-77-5 titled, 'X-Ray Fluorescence
Analysis of Composite Propellants for Army Missile Systems,'" June 1977, was
distributed.

MORE INFORMATION

To obtain more information, contact the project officer, B. J. Alley,
AUTOVON 746-2323 or Commercial (205) 876-2323.

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




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(rRcs DRcMT-302)

Manufacturing Methods and Technology project M76 6350-1849 titled,
"Laser Scan Inspection System" was completed in March 1978 by
Watervliet Arsenal at a cost of $80,000.

BACKGROUND

The present method for inspection of cracks, inclusions and discon-
tinuities in camnnon tubes uses a black light borescope to detect magnetic
particle indications. The inspection is required for all 105mm, M68
cannon tubes and takes approximately 50 minutes per tube. This current
practice is too slow for the new rotary forge increased production cap-
ability. Also, this method is subject to operator error due to fatigue.

SUMMARY

In order to provide a faster and more accurate method for flaw detection,
Watervliet Arsenal initiated a project to develop an automated laser scan
system. This system has been completed and is operational (see Figure 1).
The operation of the system consists of magnetizing the cannon tube and
flooding it with a magnetic particle solution. After draining the solution,
a special borescope is inserted into the tube. A laser light is carried
through the center of the borescope and reflected against the inside of the
tube. Any indications present will reflect the laser light to a photo-
electric cell on the borescope. The photoelectric cell is set to trigger
at a specific light intensity. When the cell is triggered, the location of
the indication is recorded. After this initial inspection is complete, an
optical black light borescope is used to examine the recorded indicatioms.

BENEFITS

The use of the automatic laser scan inspection system has reduced in-
spection time by 20 minutes/tubes or approximately 40 percent and has in-
creased inspection reliability by elimination of the human element. The
substantially increased probability of detecting critical defects will
reflect directly on increased field reliability and safety. Savings
are estimated to be approximately $20,000 per year.




Figure 1 - Laser Scan Inspection System

IMPLEMENTATION

The laser scan system has been implemented in the production of 105mm,
M68 cannon tubes by Watervliet Arsenal. A final technical report,
WVI-QA-7801, titled "Laser Scan Inspection System," June 1978 was dis-
tributed throughout the Government and made available to Industry through
the Defense Documentation Center.

MORE INFORMATION

To obtain more information, contact the project officer, S. J. Krupski,
AUTOVON 947-5697 or Commercial (518) 266-5697.

Summary Report was prepared by Delmar Brim, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL.
61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(rcs DRcMT-302)

Manufacturing Methods and Technology Project 174 6024 titled, "Evaluation
of Isothermal Forgings for T53 Impellers' was completed by AVSCOM in
January 1976 at a cost of $25,000.

BACKGROUND

This project 1is the second and final phase of an effort to overcome the
production difficulties experienced and costs associated with the conventional
hot forging of titanium alloy. At the inception of the overall effort,
isothermal forging was an emerging technology. The Metals Division of IIT
Research Institute had, over the prior four years, developed a method of
forging titanium alloys using cast-to-shape superalloy dies, heated to the
workpiece temperature. This technique represented a major breakthrough in
forging technology; since it overcame the difficulties experienced in conven-
tional practice.

SUMMARY

A program to investigate the potential of isothermal forging to produce a
Ti-6A1-4V alloy impeller for the T53 had been completed by IITRI under
sponsorship of AMMRC, the program objective being to produce an impeller
forging requiring a minimum of machining. In the IITRI program, several
forgings with partial vane channels were produced. This forging, shown in
Figure 1, weighed 22.5 1lbs. compared to the conventional forging weight of
37.5 1bs. and the finished part weight of 11,45 1lbs. Isothermal forging in
this case had reduced the amount of metal to be removed by over 50 percent.

The purpose of this program was to further evaluate the isothermal
forgings from the IITRI program, to investigate their quality, determine
critical mechanical properties, and assess the cost savings potential of i
the near-net-shape forging, by machining a finished component using existing f
facilities. In addition, cost savings were projected for the machining of i
an isothermal forging using optimized facilities, e.g. advanced numerical ;
control machining techniques.

Figure 2 outlines the program developed during this second phase of the
overall effort.
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As a result of this program, a number of conclusions and recommendations
were advanced:

a. The quality and metallurgical characteristics of the isothermal
. forgings, including mechanical properties, were considered acceptable by
comparison with conventional forging requirements.

b. A finished impeller was satisfactorily machined from one of the
isothermal forgings with only minor evidence of under fill. This part was
considered to be suitable for engine running.

c. The then existing state of art on isothermal forging practices
indicated that the increased cost of isothermal forging would exceed the cost
saving achieved by reduced input material. Part of the saving in machining
cost would also have been absorbed by the remainder of this increased forging
cost.

d. A cost analysis on the use of isothermal forging for the T53 impeller
showed only nominal cost benefits, primarily due to the already low machining
costs for the conventionally forged and machined part.

e. Based on the above considerations, it was recommended that similar
analyses be conducted on other titanium components where the ratio of rough
machining cost to final cost was high. It was also recommended that work be
funded to establish isothermal forging as the manufacturing method for those
components which demonstrated a cost reduction potential.

BENEFITS

This project did not result in any benefits with respect to the item
supported. But it did contribute to an overall body of knowledge that has .
since resulted in the isothermal forging process becoming a useful and cost
effective technology.

IMPLEMENTATION

The technical report, AVSCOM Report No. 76-21, has been published. No
further implementation is contemplated.

MORE INFORMATION

Additional information may be obtained by contacting Mr. E. N. Kinas at
AV 955-3234 or Commercial (617) 923-3234,

Summary Report was prepared by Ken Bezaury, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RcS DRcMT-302)

Manufacturing Methods and Technology project 178 7036 titled, '"Isothermal
Roll Forging of T55 Compressor Blades - Phase II" was completed by AVRADCOM
in June 1980 at a cost of $300,000.

BACKGROUND

The first phase of this program was a demonstration of technical and
economic feasibility and was described in AVRADCOM Report No. 77-11. Pre-
liminary cost data was presented which showed a potential reduction in the
number of operations from 36 for present cold rolling to 11 (prior to the
finishing operations common to both processes).

The principal methods now used for the fabrication of compressor blades
are: (1) machining from solid, (2) casting, (3) hot die forging, (4) cold
roll forging.

0f these, the cold roll forging process is the most widely used for the pro-
duction of steel and low alloy blades. It provides high quality, precision
surfaces over much of the airfoil. Its major disadvantage is the large
number of forging passes required. Up to 11 roll forging passes may be used,
followed in each case by lubricant removal, annealing, trimming, inspection,
and relubrication. Additional subsequent operations are required for root
upsetting, twisting, and hand finishing.

SUMMARY

This Phase II report presents work accomplished in the second phase of this

four-phase program which was to apply the isothermal roll forging process to
the manufacture of the Avco Lycoming T55 compressor blades. The tooling and
blade forging work was performed in the period from February 1978 through

August 1979, with blade evaluation work completed by Avco Lycoming in January
1980.

The primary objective of this phase was to advance the process by the pro-
duction of blades to drawing tolerances using hard tooling. Secondary objec-
tives were to enhance the process by producing blanks more economically
and by consolidating the multiple setups into a single processing step.

To meet the much tighter Phase II dimensional tolerances, the work was
performed in a 100,000 pound machine of different design from that used
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in Phase I. A microprocessor was added to control the numerous parameters
for the metal flow variations needed at each point along the blade length,

Figure 1 is a schematic diagram of the machine showing the positions of
the principal components and the initial position of the dies for blade forging.
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Figure 1 - Schematic Diagram of Blade Forging Machine

Blade forging begins by inserting workpiece into tip of lower nozzle
against top face of feed ram. The microprocessor controller is initiated
and the following sequence of events occur:

1. Upper nozzle descends onto free end of feedstock and against the
stops.

2. Upper feed ram descends with low force against upper end of work
piece.

3. Left die moves against the workpiece and against the stop. Right
die then moves against workpiece at low force.

4. Heating current is initiated at low level. Optical temperature

feedback adjusts current to raise workpiece to forging temperatures in about
five seconds.




5. While maintaining the desired forging temperature, die squeeze
force (Fs) is increased gradually to a desired level in about 20 seconds
causing the dies to close upon the workpiece.

6. Root injection force (FR) is applied at a controlled rate causing
the upper portion of the workpiece to move downward and to be upset within
the root pockets of the dies. Root formation takes about 20 seconds.

7. When root formation is complete, force F, is removed and the front
tension force Fy and the top feed force F_are app%ied, die rotation is ini-
tiated, and the airfoil is roll forged wh?le maintaining: (1) die closure
by means of maximum squeeze force Fg; and (2) desired forging temperature
by means of optical feedback.

8. When the airfoil is complete, the heating current is extinguished,
tip feed ram retracted, die rotation stopped and dies retracted. The finish
forged blade continues to move upward with the ascending upper nozzle where
it is unloaded from the machine.

Relubrication of the dies and their return to the root forge position completes
the forging cycle. The principal conclusion drawn from this work is that the
program achieved all technical objectives projected at the start of this
program. The next phase of this effort proposes the production of engine sets
of blades for engine running.

BENEFITS

Benefits will not accrue until completion and implementation has been
accomplished. Results to date enable entry into the final phases of this
effort.

IMPLEMENTATION

The final technical report TR 80-F-12 dated June 1980 has been distributed.

MORE INFORMATION

Additional information can be obtained by contacting Mr. Roger Gagne at
AV 955-3436 or Commercial (617) 923-3436.

Summary Report was prepared by Ken Bezaury, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RcS DRcMT-302)

Manufacturing Methods and Technology projects 175 7052 and 177 7052 titled,
"Ultrasonically Assisted Forming of Nose Caps for Rotor Blades' were
completed by the US Army Aviation Research and Development Command in April
1980 and June 1980, respectively, at a total cost of $415,000.

BACKGROUND

Titanium nose caps for rotor blades are currently being hot formed which
has been shown to be an exceedingly costly fabrication method. The major
reason for this high cost is that this method requires costly tooling and
extensive chemical processing. Cold forming, although much less costly, has
inherent problems in cracking due to its relatively low strain allowable
properties as compared to the current fiberglass. Based on previous limited
investigations, it appeared that the combination of ultrasonic energy and the
current cold stretch forming procedure may provide a less expensive alterna-
tive to the hot forming method with its attendant environmental problems and
costly facilities requirements. With ultrasonically assisted cold forming,
the problem of springback and cracking could be alleviated and the processing
may be reduced by as much as 80 percent. The ultrasonic energy tends to act
on the atoms in much the same way as high temperatures, allowing them to
creep thus relieving residual stresses that would normally occur in the conven-
tional cold forming process.

SUMMARY

The objective of this effort was to develop an ultrasonically assisted cold
forming process to fabricate leading edge erosion strips for rotor blades from
titanium sheet material. The nose cap cannot be cold formed in the conventional
manner because of the radius of curvature required. The initial phase of this
effort was to prove the feasibility of using ultrasonic energy to cold form
Ti-6A1-4V nose caps. This was to be followed up by a multi-phase effort to
scale~up the process for a full size nose cap.

A preliminary investigation of the relationship between acoustic energy
input, thermal energy input and percent plastic strain was conducted using
small coupons of Ti-6A1-4V. Cold drape forming with ultrasonic assist was per-
formed on 12-inch long nose cap sections. The forming system consisted of
three components: (1) A winch-driven static load device to provide a con-
trolled bending rate during ultrasonic activation, (2) A series of modified
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tension-shell transducers and acoustic coupling devices, and (3) The
graphite mandrel and steel support base. A problem was encountered in
obtaining high energy transmission between the acoustic transducers and
the titanium sheet. Too much energy was lost in the acoustic coupler which :
resulted in incomplete forming of the titanium sheet material (elastic
recovery or "springback"). Another problem encountered was the high residual
stresses, particularly in the area of the nose bend radius. These problems
could not be overcome during the contractual effort; therefore, this forming
approach was dropped.

Another approach was initiated for forming the titanium sheet metal. This
consisted of using an Elmore mount which would enable the delivery of maximum
ultrasonic power while simultaneously exerting a pull force required to draw
the material through the ultrasonically activated tools. The draw bench was
to be designed and fabricated by the contractor. After significant delays in
the program and after the unsatisfactory results of the cold drape forming
process, the FY77 project was cancelled. It was also realized that the only
metal that could be formed with some degree of accuracy, was not being used
on the nose caps of the AAH; therefore, there would be a problem of implemen-
tation; and that the probability of a successful program was considered minimal.

BENEFITS

This effort was cancelled prior to its completion; therefore, there were
no direct, applicable benefits.

IMPLEMENTATION ]

The results of this effort could not be implemented since it was cancelled
prior to the completion of the overall program.

MORE INFORMATION

Additional information on these projects can be obtained from Mr. A.
Ayvazian, AMMRC, AV 955-3233 or Commercial (617) 923-3233.

Summary Report was prepared by Bob Hellem, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(rRcs DRcMT-302)

Manufacturing Methods and Technology project 178 7240, titled, '"Machining
Methods for ESR 4340 Steel for Helicopter Applications'" was completed by
the US Army Aviation Research and Development Command in July 1980 at a
cost of $130,000.

BACKGROUND

ESR 4340 steel is presently being used for various critical parts on
the YAH-64 because of its high ballistic tolerance characteristics. 1Its
advantageous qualities of high hardness and toughness create great difficulty
in machining. Because of its relatively new usage, a source of manufacturing
information is not available relative to an efficient machining method.

SUMMARY

The objective of this project was to establish machining parameters for
ESR 4340 steel relative to helicopter applications. The project involved the
study of conventional machining methods as applied to heat treated 4340 steel
(Re 54-57). 1Initial effort involved a survey of available data regarding the
machining of high strength steels with hardnesses of Rc 50 and above. A
machining program was conducted to determine optimum tools and conditions for
turning, drilling, face milling, end milling, and grinding operations. Effects
of various parameters on tool life, including cutting speeds, feeds, depth
of cut, and cutting fluids were determined. Table 1 below summarizes the
results obtained, presenting the best tools and conditions for each of the
machining operations investigated.

The following conclusions were drawn regarding the machining of ESR 4340
steel:

- Conventional machining methods are not applicable to this material.
Tool lives remain short despite reductions in feeds and speeds, and material

removal rates are lower than those which can be obtained in other high strength
steels.

- In ranges above 50 Rc, slight hardness reductions create great im-
provements in machinability, occasionally allowing tool lives to double.

- Turning and milling operations generally give the best results when
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machining is done without cutting fluid.

Drilling is aided by the

use of chlorinated cutting fluid, while grinding is best done with

sulfurized oil.

- Low stress grinding techniques are applicable to this material,
when proper dressing procedures and reduced rates are used.
of this program indicate the need to revise the low stress grinding
specifications for ESR 4340 steel relative to dressing procedures, cutting
fluids, and cutting rates.

The results

In view of the results outlined above, further investigation of conven-

tional methods for machining ESR 4340 has been cancelled.

Alternative

methods for machining ESR 4340 steel will be investigated under follow-on
Manufacturing Methods and Technology project 180 7240.

Cutting Depth Width of Cutting
Operation Tool ' Speed Feed of Cut Cut Fluid
Turning Kendex K-040 500 Ft/ Min 0.050 In. /Rev u. 005 In. ‘ Dry
Ceramic
Tool Geom.: Back Rake: -5°  SCEA: 15°  Side Relief: 5°
Side Rake: -5° ECEA: 15° Erd Relief: 5°
Drilling M-42 H.S5.8. 5 Ft/Min 0, 0008 In, / F/2 In. Chlarinated
{1/4 In. Crankshaft Pt. Rev. Through Oil
Dia)
Tool Geo'n.: Pt. Angle: 118° Helix Angle: 2a°
Relief Angle: 112
Face Milling] Carmet CA 310 100 Ft/Min 0. 0085 In. / 0. 060 In. 15/8In, Dry
Tooth
Tool Geom: Axial Rake: -5° ECEA: 45° Corner angle: 45°
Radial Rake: -5° Relief: 5°
Peripheral TRW Helical 100 Ft/Min 0,002 In. / 0. 060 [In, 0, 375 Dry
End Milling Brazed-On Tooth
Carbide
Tool Geom: Axial Rake: 7° ECEA: 10 Per. Cl.: 10°

Radial Rake:

5° Corner Angle: 45° End Cl.: 30

Surface Wheel Grade:

Grinding Whee! Speed:

{Low Stress) Work Speed:
Cross Feed:
Fluid:
Nownfeed:

Wheel Dress Procedure:

Diamond Traverse Rate:

A46 HV

2000 Ft/Min

40 Ft/Min

0. 050 In. /Pass

Sulfurized Oil

0.0005 In. /Pass to 0. 002 In. of Finisl
0.0002 In. /Pass Finish Grinding

5 Passes @ 0.00} In. /Pass

2 Sparkouts

I'In, /7 Sec

Table 1 - Optimum Conditions for Machining ESR 4340 Steel
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E. Low stress grinding techniques developed by this project are being
L, incorporated into Hughes Helicopters' specification for low stress

? grinding of high strength steel. It is estimated that a 50% cost
reduction will be experienced on parts ground with the new technique.
These savings are primarily the result of virtual elimination of part
rework due to burning.

i B R e

IMPLEMENTATION

Results of this project relative to grinding of ESR 4340 are being
implemented at Hughes Helicopters, Culver City, California.

——y— = —— s e

MORE INFORMATION

{ Additional information may be obtained by contacting Mr. Arthur
Ayvasian, AV 955-3233 or Commercial (617) 923-3233.

Summary Report was prepared by Alan L. Peltz, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL
61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302) 1

Manufacturing Methods and Technology projects 174 8120 and 175 8120
titled, "Improved Helicopter Skin Material by Controlled Solidification
and Thermal-Mechanical Treatments" were completed by AVRADCOM in October
1976 and June 1980 at costs of $275,000 and $250,000, respectively.

BACKGROUND

Prior research and development work at Frankford Arsenal had shown that
a 7075-type aluminum alloy which was much tougher than commercially available
alloys, could be produced using a certain thermal-mechanical treatment. The
most significant feature of this treated 7075 material was that its toughness
was equal or superior to that of 2024 alloy, while still retaining the strength
of 7075. The intermediate thermal-mechanical treatments (ITMT) referred to in
this project are processes designed to produce a fine-grained recrystallized
structure favorable to high fracture toughness. Originally, ITMT processes
were developed for 7XXX Series aluminum alloy plate. As part of this earlier
program, it was Gemonstrated that similar processes were also feasible for
hand forgings. The properties were achieved by first forging the ingot in the
conventional manner and then forging at lower-than-conventional temperatures
to introduce a high degree of strain hardening: The forgings were then given
a high temperature thermal treatment, during which the strain hardening pro-
moted recrystallization to a fine-grained equiaxed structure.

SUMMARY

It was the objective of this program to produce a forged aluminum alloy in
the 7XXX family with equal or better strength and superior toughness to
similar alloys which were commercially available. The anticipated benefits 1
in aircraft applications were increased performance and a greater factor of
safety. An advantageous aspect of the processing technique was that it would
be applied to commercially available material using existing fabricating and
heat treating facilities.

This effort was conducted in two phases.

Under the FY74 project, the Boeing Vertol Company and the Aluminum
Company of America conducted a program to evaluate the properties of therm-
ally/mechanically processed and heat-treated 7475 aluminum alloy forgings
in 25, 51, and 170mm (1.0, 2.0, and 6.7-inch) thickness. A four-task
program was conducted to provide information for the development of industrial
techniques for producing improved aluminum alloy forgings. These techniques,
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involving intermediate thermal-mechanical treatment of ingot, were evaluated
i on the basis of microstructure, mechanical properties, fracture and fatigue
E properties, and resistance to stress corrosion. The details of the process
' are shown in Table 1.

f Table 1 -~ Fabrication Steps to Produce ITMT Forging Stock

REFEMENCE
stee T0 Fluue 3 atlor WESCRIFPTION OF FPANKICATION STEP
staerinc |1 - a SUALPED ANU PHENEATED 26510 DIAMETER BY 060M4 LONG (14 = 26 1HCNES) 7149 AND 2473 INGOT SACTIONS.
HATRATAL INCUTS PRUIEATED USING STANUARD COMMFRCIAL PRACTICES,
A - AL WeAT To 613°¢ (22379
.! HE) - aLL FOKCE AT 410 TO 14U”C (773 TO 6S0"F) AS FOLLOUS
) LRAM TU 279 u 279 x @I (11 x L) 3 13 THCHRS)
() “AT UPSKT AND DRAW TO 18 x 11D 4 ob0rt (12.5 & 12.5 x 26 INOUES)
; [8)) “B" UFSET AND DHAU 10 )18 2 )18 2 66uree (12.5 x 12,5 u 36 INCUES)
1t ¢ - AL RLUEAT T0 &13%¢ (173°%))
e - AL rokce AT 4213°C 10 260" (175 10 430°0)
{4) A" QST AND UkaN TO 292 = 292 2 Jo2ded (1).9 x 11.3 3 DO INCHES)
FORG T
OPNAATIONS | Ik & - ANMEAL . o o o
e 2 MOUKS AT 471 to 460 C (BBO Tu ¥607P), CDOL TO 410°C (77307)
2 HOURS AT 41) TO 401°C (773 10.255"r), CROL TU 260°C (500°r)
& HUURS AT 200 TO 249°C (300 YO 480°F)
nus 7 WOURS AT 316 YO 306°C (¥60 10 9407F), 0oL To 412% ms:n
2 HOURS AT 413 TO 4B17C (275 TO 1597F), cuuL To 260%C (s0u”Y)
A HOURS AT 200 TO 269°C (300 10 4Ku’r)
e - AL FURGE AT 230 TO J04"2 (450 10 4u0°r)
(1) “0% UPSET AND LKAW 10 99 x 197 x 1650 (1.9 3 15.6 x 6% INCUES)
NOTE:  THE HANDFURGED SLASS OF BOTN ALLUYS [HCURKRD CINSIUENAALE CHACKING DURINC THE 230 7O 204°%C
FORGIM: QUENATION.  CUNSEQUENTLY THE SIABS WHKE SONIC LNSPECTCO AT TILS STACE AND TME CRACKED AREAS SDOVED
BY SAWING BEPUKE PRUCELDING WITI FURTHER PKOCESSING.
1me - RECHYSTALLIZE
7149 10 HUUKS AT 460 TO 4719 (8éu T edUYF), AlR CuoL
7473 10 HUURS AT 306 TO $144C (940 TO 96USr), AIR CUUL
us - aLL FINIsH FoucE AT 413 70 3:0°%¢ (95 Tu 630}
{s) ORAM TO 20 (2,19 IUCHES) THILX HANUDFUNLED SLAB
X - ALL SAM 26 BLANKS OF EACH ALLOY, SAWED S{ZE 10 m Ju & 22013 LONG {2.75 = 2.79 2 1i-INCHES LOWC)
¥ - AlL RACKINE BLANKS TO 20001 DIAMIIER BY 200M LONG (2.75-1MCUES DIAMETER 8Y 1l-INCMES LOWC) BILLATS F0R DIR PORCING

That program, which primarily involved testing of coupons of material,
demonstrated the following specific measures of mechanical properties:

1. The tensile properties of ITMT aluminum alloy forgings were equiv-~
alent to 7075-T73 forgings.

2. The fracture-toughness values of ITMT aluminum alloy forgings were
equivalent to 7075-T73 forgings.

3. The fatigue properties of ITMI aluminum alloy forgins ranged from
five to 75 percent better than 7075-T73 forgings.

\

The objectives of phase II were to produce intermediate thermal mechan-
ical die forgings of two aluminum alloys with tensile and stress corrosion
resistance properties equivalent to conventional 7075-T73 die forgings, but
with fatigue and fracture toughness properties twenty percent better. Based
on the tests and data analysis conducted in this program, the following
findings resulted:

1. The transverse tensile and stress corrosion resistance properties

as




of the 7475-T73 ITMI and 7149-T73 ITMT die forgings were found to be equiv-
alent to or greater than those of the 7075-T73 die forgings.

2. The fatigue strength of 7475-T73 ITMT and 7149-T73 ITMI die forg-
ings were found to be approximately the same as those of the conventional
7075~-T73 die forgings.

3. The fatigue strength exhibited by the 7XXX~-Series aluminum alloy
forgings tested in this program was equivalent to or greater than that of the
2014-T6 forgings now used for production components.

These results indicated that the potential benefits from intermediate
thermal mechanical treatment are very dependent on component configuration.
In order to deteruwine cost effective applicatious of ITMT, an additional
two-phase approach would be needed. Initially an in-depth metallurgical and
failure nodes investigation would be required on thre coupons and components
to be tested. The objective of this program would be the correlation of
mechanical properties with metallurgical characteristics. Contingent on
the findings, an aircraft component, selected for potential properties im-
provement by the ITMT process, would be fabricated for side-by-side test
evaluation with a conventionally forged aluminum component. Project results
also indicate that a successful application would involve thick sections
with critical stresses in the short transverse grain direction.

An in-house ballistic evaluation showed that the ballistic protection of
the ITMT processed 7475-T73 forged plates was noticeably superior to the
standard 7039-T6 aluminum armor, and, in general, the ITMT plates also were
slightly superior to the commercial 7075-T73 forged plates. A report on
this evaluation has been prepared and is being released as a separate tech-
nical report.

BENEFITS

This project contributed to the technology of a manufacturing method
which has considerable potential for cost reduction. Possible applications
are transmission covers and drive trains.

IMPLEMENTATION

Technical reports, AVSCOM No. 76-41 dated October 1976 and AVRADCOM No.
TR80-F-6 dated June 1980 have been issued. No further implementation has
been identified.

MORE INFORMATION

Additional information may be obtained by contacting Dr. J. Waldman at
AV 880-5811 or Commercial (201) 328-5811.

Summary Report was prepared by Ken Bezaury, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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| MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 175 6129 titled, "Columbium
Alloy Turbine Engine Components' was completed by the US Army Aviation
Research and Development Command in December 1979 at a cost of $250,000.

BACKGROUND 1

There is a continuing need to improve operating efficiency of turbine
engines by increasing operating temperatures. Use of columbium alloys as
turbine vane materials would allow increases in operating temperatures
significantly above 2000°F.

i There are two fundamental problems encountered in the use of columbium.
One is the need for providing a sufficiently effective coating to prevent
oxidation of columbjum at the operating temperature. The second problem

is the difficulty in obtaining the desired shape at a reasonable cost. Use
of the precision casting technique for casting blades and vanes had a re-
volutionary effect on the economies of turbine engine manufacture in more
traditional materials. Application of the precision casting process to
production of columbium airfoils was anticipated to offer similar economic
advantages when compared to other fabrication methods.

SUMMARY

The goal of this program was to utilize the state of the art in the
columbium casting and coating technologies to produce fully coated, investment
cast, single vane first-stage Centaur nozzles. Figure 1 shows a paired nozzle
vane although the actual configuration used in the casting sequence was
essentially one-half of the paired segment. The C129Y alloy was selected for
this investigation based on its superior weldability, castability, lower
melting temperature and strength, together with NS-4 coating. REM Metals Corp.

: was selected as the foundry source of columbium alloy castings for this pro-

! gram. The decision was based mainly upon their greater experience in invest-~

' ment casting of columbium. Mechanical property tests were used to evaluate

i both the quality of the cast material and also the extent of coating/substrate
interaction. Environmental (static and dynamic) tests were performed on

coated components to demonstrate the effectiveness of cast and coated materials
under simulated service conditions.

The C129Y columbium alloy demonstrated that at 2000°F and 2200°F the
tensile strength ductility is equivalent to the 1600°F properties of the cobalt-




base X45M from which the Solar Centaur first-stage nozzle 1is presently
cast. Room temperature ductility of C129Y was shown to be equal to the
cobalt-base alloy.

Figure 1 - |
First-Stage Double Vane
Nozzle Segment

i The C129Y alloy displays that if there are no detrimental high inter-
stitial levels or physical flaws such as porosity, the room temperature
ductility is adequate for consideration of engineering use. It is clear,

, however, that the impurities and defects must be closely controlled if
practical applications are to be achieved.

The creep-rupture properties of C129Y cast specimens are significantly
higher than those of wrought columbium alloys, except for SU-31; and superior

< to published data for X-45M cobalt-base alloy castings, comparing the alloys
at 2000°F-2200°F,
N The effect of the NS-4 coating on the C129Y alloy system is minimal. ﬁ
' Mechanical properties evaluated (tensile, stress~rupture) were virtually o

identical for both coated and uncoated configurations. Isothermal oxidation
life of NS-4 coated C129Y alloy at 760°C and 1093°C 1is excellent, in excess
of 5500 hours.

Difficulties were encountered in melting C129Y by the consumable arc
process. It was also observed that the alloy had poor fluidity. An alternate
melting procedure should be considered in pursuing further casting work with
i thin sections. A method such as electron beam melting which can induce
superheat into the melt may be a viable approach.

BENEFITS

The C129Y castings displayed exceptional properties at elevated temperatures
and were technically superior to cobalt-base and nickel-base alloys for ad-
vanced engines.

e o ad et
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The ability to cast thin wall small turbine airfoils with platforms has
‘j been demonstrated and published in detail.

IMPLEMENTATION

The results of this project have not been implemented since more develop-
ment is needed in foundry techniques for columbium-base alloys. The high
& potential for applying ceramics to turbine engines has made further efforts
on columbian alloys obsolete.

i MORE INFORMATION

Additional information may be obtained from Robert D. French, AMMRC,
AV 955-3467 or Commercial (617) 923-3467. Reference AVRADCOM Report No.
TR 80-F-2 titled, "Complex, Precision Cast Columbium Alloy Gas Turbine
! Engine Nozzles Coated to Resist Oxidation" dated March 1980.

Summary Report was prepared by Bob Hellem, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUFMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 378 3204 titled,
"Internal Shear Forging Processes for Missile Primary Structure" was
completed by MICOM in December 1979 at a cost of $350,000.

BACKGROUND

Shear forging--also known as shear forming or tube spinning-- is a
metal forming process in which a pressure roller is used to deform a
tubular workpiece against a rotating cylindrical mandrel. The workpiece
rotates with the mandrel, and under the compressive force exerted by the
roller, the metal is forced through the clearance between the mandrel and
the roller to form a thin-walled tube.

The present state of shear forging technology has been limited to roller
traversal on the outside surface of the workpiece, and could be termed
"external shear forging."

SUMMARY

The objective of this program was to develop methods of manufacturing
missile primary structures by internal shear forging, for the purposes of
producing a superior structure consisting of one integral part, and achieving
cost reductions for large production quantities.

The overall effort is organized in two phases. This project (Phase I)
involved two tasks. Task 1 was an exploratory study of the basic parameters
affecting the response of 2014-0 aluminum alloy to the thermomechanical
processing that would be encountered in internal shear forging. This was
accomplished by hot rolling 2014-0 aluminum at various temperatures, speeds,
and rolling reductions; and comparing the resulting microstructures and mech-
anical properties with those of the starting material. Task 2 of Phase 1
was to begin the design of tooling and ancillary equipment for the internal
shear forging process enhancement.

The basic principle of internal shear forging, which can be either forward
or backward shear forging, is shown in Figure 1.
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Figure 1 - Schematic Illustration
of the Internal Shear Forging Process.
(a) Forward Shear Forging
(b) Backward Shear Forging

A roller with a sloping approach profile is fed axially into the work-
piece to deform it from an initial wall thickness to a final thickness
against a rotating external mandrel. 1In the forward shear forging process,
which is analogous to steady-state drawing, the material is stretched out
during forming and flows in the same direction as the roller movement. In
backward shear forging, which is analogous to indirect or backward extrusion,
the material is squeezed out by the compressive forces in a direction
opposite to that of the roller movement.

The backward shear forging technique was generally accorded overall super-
iority in the production of tubular shapes, and was therefore selected for
further development in this program.
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BENEFITS

Both tasks of this project were satisfactorily completed thereby enabling
the continuation of work in the second phase of the effort.

IMPLEMENTATION

Results of this project are incorporated in the second phase (FY79) effort
that is now in progress.

MORE INFORMATION

- Additional information may be obtained by contacting Mr. J. Honeycutt
at AV 746-1074 or Commercial (205) 876-1074.

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

61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(rcs DRcMT-302)
Manufacturing Methods and Technology project 376 3230 titled, "Manufacturing

Methods for High Speed Machining of Aluminum'' was completed by the US Army
Missile Research and Development Command in February 1978 at a cost of $242,000. 1

BACZKGROUND

Machining operations for aluminum structures and assemblies for missile
systems are major cost items. Recent advances in machine tool design tech-
nology have demonstrated significantly higher machining rates. Preliminary
testing for milling machine operations has shown an increase of over 300 percent

' in metal removal rates. The purpose of this project is to establish manufac-
o turing methods for the high speed machining of aluminum by scaling up and
optimizing the results of recent industry research in this area.

SUMMARY

The objective of this program was to develop manufacturing methods and
technology for machining aluminum at signifcantly higher speeds than are
currently being used. The methodology developed was to be satisfactorily
demonstrated as being both practical and cost-effective when compared with
current machining practices,

To accomplish these objectives, a three-phase program was conducted. In
Phase I, cutting tools and machining parameters were tested for the purpose of
making machining recommendations for selected aluminum alloys. Machining data
relative to tolerances, finishes, deflection, cutting forces, horsepower,
residual stresses and cutting temperature were also developed to ascertain the
effects of high speed machining on product integrity. In Phase II, guidance
and control shells for the Lance missile were machined with the new methods
to establish cost data for comparison with present methods. In Phase III, new
high-speed machining methodologies developed in the program were demonstrated
to representatives of the Govermment and the aluminum fabricating industry.

A survey conducted at the beginning of the program uncovered only a limited
amount of useful information for high-speed machining. Based on that survey,
it appears that C. Salomon of Germany was the first to publish experimental
results for high-speed machining. 1In 1931, Salomon reported that thermocouple
measurements made in high-speed milling tests indicate that tool-chip inter-
face temperatures drop at higher cutting speeds (See Figure 1), so that
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it is possible to machine faster and still have the tool last longer,
providing machine tools can be made to cut fast enough.

Major improvements in productivity and cost effectiveness were demonstrated
for high speed machining processes in this program. High speed machining is
not a new process. Aside from routing operations, high speed machining
has been proven many times in production shops to be a worthwhile operation for
special cases. For example, spar mills have routinely spun 8.0-inch diameter
cutters at 3,000 revolutions per minute to produce aluminum spars at a cutting
speea of 6,280 feet per minute.

The general conclusion was that there does not appear to be any thermal
limit to the cutting speed at which aluminum can be machined. Cutting speeds,
however, were found to have an effect on cutter life, and it was estimated that
spindle speeds on the order of 40,000 revolutions per minute would be required
to produce a most economical cutting speed for 1.0-inch diameter end mills.

It was found that rotary tables on machining centers were also generally
too slow for the 20,000 revolutions per minute spindle used in this project.
Consequently, it is recommended that table speeds of that magnitude be provided
on future machining cutters.

It was also determined that a more powerful spindle is needed that has a
more positive stop. In addition, a low speed spindle will be needed on
machining centers that perform tapping operations as well as high speed machining.

Except for the abrasive aluminum alloys like A356 which must be machined with
carbide, either carbide or high speed steel cutters can be used to machine the
remaining aluminum alloys at ultra high speeds. Cutting fluids are not alwave
required but are generally recommended for the high speed machining ot alam onas.
The fluids are not needed to cool workpieces and cutters, but are benot .

alleviating built up edges on cutter flanks, particularlyv on high < .0
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cutters.

While some equipment changes which could make high speed milling a
better process have been pointed out, nothing detrimental to high speed
milling was observed in the program. With the equipment at hand, a very
good metal removal rate of 33 cubic inches per minute was established as
a standard for 50 percent spindle loads. Additionally, metal removal rates
of 69 cubic inches per minute and feed rates of 504 inches per minute were
sustained with a 1.0-inch diameter, 2-flute, brazed carbide end mill. Re-
productivity was significantly improved by the process. While high speed
machining can be more profitably used to make "hogging' cuts, an economic
analysis showed that with the proper machine tool, a 23 to 39 percent cost
savings could be achieved by using high speed machining to help finish machine
as-cast guidance and control shells.

BENEFITS

The high speed machining techniques developed by this project are being used
to hog out the body section of the Tomahawk missile. Savings of 6.1 million
dollars in reduced machining costs are anticipated during the planned production
schedule.

IMPLEMENTATION

Aluminum high speed machining techniques are being implemented at General
Dynamics Corporation, San Diego, California.

MORE INFORMATION

Additional information may be obtained by contacting Mr. John Melonas, US
Army Missile Research and Development Command, Redstone Arsenal, AL,
AV 746-2810 or Commercial (205) 876-5079.

Summary Report was prepared by Alan L. Peltz, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(rRcs DRcMT-302)

Manufacturing Methods and Technology project 376 3231 titled, "Pro-
duction Methods for Squeeze Castings" was completed by MICOM in May
1978 at a cost of $195,000.

BACKGROUND

Considerable interest has been focused lately on the development of
net shape or near-net shape processes, due to their favorable economic
implications.

One such process is known as squeeze casting, or liquid metal forging.
Basically, this process consists of metering molten metal into a bottom
die cavity, allowing it to cool below the liquidus, then applying pressure
by means of a top punch and allowing the solidification to go to completion
under high pressure. As the name suggests, squeeze casting is a hybrid
of conventional casting and forging techniques and possesses some of the
advantages of each technique, Thus, it can be used for making parts of
greater complexity than forgings and of better product quality than castings.
Further, the amount of finish machining can be reduced compared to either the
conventional forging or the casting methods.

Figure 1 is a schematic of the process as it was applied in this project.

SUMMARY

The objective of this project was to develop manufacturing methods
necessary to reduce the high machining cost associated with high-strength
castings and forgings currently used in Army missile systems. Its purpose
was to develop the squeeze casting process to (1) lower the cost of the
castings and minimize subsequent machining requirements, (2) cast
preforms to replace more costly forged preforms for subsequent shear
spinning, and (3) develop the process for a higher production rate for
the cast and shear-spun missile components. The components investigated
were the PATRIOT forward dome and the case preform, both made from D6AC
steel.

During the course of this program, process parameters such as melt
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Figure 1 - Schematic of Squeeze Casting Process for Forward Dome !

pouring temperature, die temperature, press tonnage, and duration of

pressure application were studied with reference to their effect on

casting quality. Equipment and procedural details concerned with the hy-
draulic press, melting and melt transfer, and die heating and coating were
also addressed. The squeeze casting trials for the two components were
conducted and the effects of various tooling modifications were established.
The resultant squeeze castings were than evaluated in terms of surface con-
ditions, internal structure, and mechanical properties. Factors such as

part geometry and various process variables and die materials were considered,
and generalizations were developed as to how the applicability of the process
can be determined for any particular component. Preliminary process specif-
ications were also drawn for the two components. f

i Upon evaluation, the preforms proved to be defective due to surface and
‘ subsurface imperfections, which precluded subsequent shear forming trials
for reasons of safety.

The effort, originally planned to include a second phase, was therefore
{ cancelled.




v o

BENEFITS

No direct process improvements were achieved; however, in the course of
this work, a number of accomplishments were attained which added significantly
to the advancement of squeeze casting as a manufacturing technique. This is
true particularly for large-sized steel components (50 to 200 1b).

IMPLEMENTATION

A technical report, IITRI-B6142-23 dated May 1978, was issued. No further
implementation is anticipated.

MORE INFORMATION

Additional information may be obtained by contacting Mr. John Melones at
AV 746-2810 or A/C (205) 876-5079.

Summary Report was prepared by Ken Bezaury, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORI
(Rcs DRcMT-302)

Manufacturing Methods and Technology projects 471 4312 and 472 4312 titled,
"Hard Face Coating to Aluminum Compcnents," was completed by the US Army
Tank Automotive Command in April 1976 at a total cost of $338,000.

BACKGROUND

There are many tank-automotive components that could be fabricated from
aluminum to reduce weight if it were not for the inherently poor wear resist-
ance of aluminum. The ground speed, maneuverability, fuel economy and engine
life of Army combat vehicles could be enhanced through weight reduction. The
weight reduction could be achieved by the replacement of the heavy steel compo-
nents.

SUMMARY

The objectives of this effort were:

1. To determine a process for the production application of a hard-face,
wear-resistant coating to aluminum components to reduce weight and improve
performance.

2. To determine the wear resistance and durability of the hard-face coating
applied to T-142 aluminum track shoes and M-60 roadwheels.

3. To determine the integrity of aluminum T-142 track and roadwheels by
vehicle testing.

In order to solve the various problems associated with tracks on tanks, an
effort was undertaken to develop aluminum components that would survive the
rigid requirements of tracked vehicles. This effort was conducted in two phases.
In phase I of this effort, a weld-deposited hard-face aluminum coating was
developed, and as a candidate component, an aluminum version of the steel T-142
track shoe was also developed. The track block was 2014-T61 aluminum forging
but the pins, end connectors and center guides remained the same as the steel
track, The hard face coating was applied to the edge of the track shoe grouser.
The use of aluminum instead of steel reduced the T-142 track weight-per-pitch
length from 76.6 lbs. to 59.9 1lbs., which compared favorably with the 63,1 1b.
weight of the T-97 track. 1In addition to the track, the steel wear ring on the
M60 roadwheel was replaced with the hard coating. This effected a 12% weight
savings.

e




In phase II, the track and roadwheels were installed on a M60 vehicle
for endurance testing at Aberdeen Proving Ground. At 887 miles, a roadwheel
failure damaged the track but testing continued. However, at 3129 miles, the
previously damaged track became inoperable and testing was terminated. During
this phase of the test, two roadwheels in the outboard positions were replaced
due to wear but the others completed the 3129 miles. Chipping of the hard-
face coating was noted on the track shoe but this did not hinder the track per-
formance. A second test was conducted and the track performed satisfactorily
for 8545 miles when testing was completed. After completing 5000 miles, the
end connectors and center guides required replacing. During the 8545 mile test,
the rubber pads were changed at 2000 miles and 5000 miles. See Table 1 for
summary of aluminum T142 track wear.

Table 1 - Summary of Aluminum T142 Track Wear

Pad
Track Blouk Track Pad Height
Grouser N Thick- Above
Helght, Wear, | Weight, Loss, | ness, |Wear, {Weight, Grouser, |Change,
Cendition at , in. in. 1b 1b _in. in. b Loss in. in.
¢ miles (new] 1-3/8 36.3 o 12/16 TP SN N I b V5 U
so0 elles 1-5/16 11736 |} "[1-11/16] 3/8 3/8 T3/8
P33 miles 1-9/64 | 15/64 | 353 1,077 1-25/6u4[u3/64 N 0.7 174 to 7716
(prad-3000 miles) ! (1/4) (3/4) (3/8) 9/32 ?
note: Although pad 18 1/4 inch above grouser at center, the edges next to the grouser are 1/16 to
1/8 inch.
BENEFITS

The aluminum T142 track is approximately 227 lighter than the steel track
and is the same weight as the T97 track. On the M60 tank, a weight reduction
of 2850 1lbs. was realized. Rubber pad life was increased over the steel track
with mileages in excess of 3000 miles being attained as compared to approxi-
mately 2000 miles for the steel track. The weight reduction resulted in a more
maneuverable tank which could accelerate 307 faster to 30 miles per hour. The
improved heat conductivity of the aluminum track versus the current steel track
allows the rubber pads to operate cooler for extended pad life. Production
costs of the aluminum and steel T1l42 track are comparable.

The hard-face coating reduced the weight of the roadwheel over the standard

M60 roadwheel by approximately 12 lbs. The coating did not enhance the perfor-
mance of the roadwheel over the standard M60 roadwheel.
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IMPLEMENTATION

The M60 project managers' office procured a number of sets of T142
. aluminum track for field testing at various ‘installations. The track
durability results from these tests were not satisfactory; therefore, it
was not feasible nor practical to implement the results of this project.
}

e R

MORE INFORMATION

More information concerning this project may be obtained from Mr. Bridge
Roobchend, TARADCOM, AV 273-1814 or Commercial (313) 573-1814. Reference

TACOM Technical Report No's 11678 and 12103 dated October 1972 and April
1976 respectively.

i Summary Report was prepared by Bob Hellem, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AMD TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 576 6759 titled, "Automatic
Transfer Hot Forming Presses for Mortar Ammunition Manufacture," was
completed by ARRADCOM in April 1980 at a cost of $132,000.

BACKGROUND

This project was originated in support of MOD project 583 3246, which was
to facilitize Riverbank Army Ammunition Plant to produce improved mortar
projectile bodies at the MOB rate.

A hot cup-cold coin manufacturing process was previously developed to
achieve improved lethality munitions. Two manufacturing options were considered
for production of the hot cupper part. The first was to utilize the available
. forging equipment on site at Riverbank AAP. The second option was to purchase

a hot forming machine which was known to be capable of producing high quality
forgings for parts such as gear blanks but had never seen application in pro-
jectile-metal parts production. Table 1 shows the equipment requirements for

| each of the two methods.

Table 1 - COMPARISON OF MANUFACTURING OPTIONS
1.1 Million Parts Per Month
Option One
Conventional Forge Method

Operation Equipment No. Equip.
-‘l
£ Load Bar Crane 1
Cold Shear Shear Press 2
Shot Blast Wheelabrator 2
Heat For Lube & Lube Tocco Coils & Dip Tank 2
? Heat For Forge Tocco Unit 4
Upset & Extrude Mechanical Press 4
Total No. Equipment 15
Option Two
w Hot Former Method
Operation Equipment No. Equip.
: Load Bar Crane 1
i Hot Shear & Forge Hot Former 1
M Total No. Equipment 2
1l
3]




The conventional forge method, employed by Riverbank AAP, required a
total of 15 separate pieces of manufacturing equipment and 20 direct labor
personnel to maintain a production level of 1.1 million parts per month
(500 hr/mo) The same production level, when supported by a hot former, would
require only two pieces of manufacturing equipment and two operating personnel.

SUMMARY

The purpose of this effort was to determine whether a hot former installa-
tion could manufacture mortar body forgings at the required rate and quality
level. Contingent upon a favorable outcome of this determination, an economic
analysis was then to be made of the cost factors associated with the purchase,
installation and operation of a hot former. The equipment builder, National
Machinery of Tiffin, Ohio, provided the tooling and conducted a trial run on
their model 6~4 hot former. All parts manufactured during the trial were sub-
jected to dimensional and metallurgical examination at Riverbank AAP, and the
process was shown to be technically feasible. The break-even production rates
were then developed in the economic analysis. They indicated that a requirement
of 428K per month (best case) and 590K per month (worst case) are required over
a ten year period to amortize the hot former investment.

BENEFITS

This project demonstrated the capability of a hot former to produce high
quality forgings for 8lmm projectile parts. It showed that the purchase of a
hot former, on an equipment replacement basis, is economically justifiable when
large production rates are anticipated over a long period of time. The hot
former process can more readily be applied to new facilitization projects for
mortar or similarly configured parts where the investment costs for a hot former
system can be traded off against the cost of a conventional forge line.

IMPLEMENTATION

This project was carried out to establish processes for future moderniza-
tion. The policy for justifying modernization at multiple year production at
MOB rate has been replaced with a short term, low quantity production effort
and the location and methods of future manufacture have become uncertain. These
factors, coupled with the relatively high and long term production effort re-
quired to economically justify equipment replacement with a hot former system,
precluded implementation of a hot former at Riverbank AAP.

MORE INFORMATION

Additional information may be obtained by contacting Mr. Robert J. Stock
at AV 880-4497 or Commercial (301) 328-4497.

Summary Report was prepared by Ken C. Bezaury, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY 3
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 673 6661 titled, "Application
of Ultra High Strength Steels" was completed by Watervliet Arsenal in June
1975 at a cost of $160,000.

BACKGROUND

In a previous project (MMT 672 6661) a new ultra high strength steel was
considered for application in cannon. The new steel, called HY-180 and
developed for the Navy by US Steel, is a 10 Ni-8 Co-2 Cr-1 Mo-.12C alloy.

This alloy, developed as a plate material, had a nominal Charpy of 80 ft-1lbs
with yield strengths at the 180 ksi level. The results of the Watervliet
study indicated that the material as compared to gun steel, had a superior
fatigue life in the autofrettaged condition and a greater resistance to crack
initiation. 1t was observed, however, that the forgings in this earlier study
did not have the properties that had been observed in plate material. These
forgings showed a charpy impact energy of only 40-50 ft-1bs and yield strength
of only 160 ksi. But since these lower properties were still superior to gun
steel, it was felt that the elimination of sulfur in a future heat would

bring the properties up to those observed for plate materials. Consequently,
this project was initiated.

SUMMARY

As in the previous project, a contract was given to Latrobe Steel Company
for the steel from which cannon components would be fabricated. Since the
primary benefit expected from this steel was an improvement in fatigue life,
it was decided that tube forgings would be made for the 105mm M137, which
is fatigue limited.

The forgings listed in Table 1 were procured from Latrobe Steel Co. They
were vacuum melted and double vacuum arc remelted. They were then heat treated
by Latrobe according to the recommended treatment: austenitize 1700°F, water
quench; re-—austenitize 1525°F, water quench; age-960°F, 10 hrs., ajir cool.

Also given in Table 1 are the chemistry and mechanical properties of the
forgings.

Again, as observed in the previous forgings, the impact energy was well
under that originally developed for this material. Since the sulfur content
had been held very low, it was conjectured that the forging reduction was not
sufficient or the recommended heat treatment was not followed.
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Table 1 - Mechanical Properties of Test Pieces

Forging TS YS Elong Red. Area V-Notch Charpy
Description (ksi) (.2% offset, ksi) (% in 4D) £)) (ft-1b, -40°F) ]
8-1/4 OD x 2-7/8 ID 176 160.5 18.5 66.0 53.0

x 139-1/2 (3 tubes)

12-1/4 0D x 21 174 157 18.0 67.7 51.3
(solid-breech block)

17-3/4 0D x 10-3/4 ID 189 171 17.1 64.2 40.7
x 52 (hollow-ring)

CHEMICAL ANALYSIS

C Si Mn S P Cr Ni Ho Co T Al

12 .07 .20 .006 .005 2.00 10.46 1.05 7.93 ¢.005 .01

(0; and Ny concentrations were 10 ppm and 26 ppm respectively)

Concerning the forging reduction, it was noted that the original plate
material (which had a yield strength of 180 ksi and a Charpy impact energy
of 80 ft-1lbs) was upset forged and cross rolled and received an overall
reduction of about 60 to 1. The forgings for this project started from an
ingot size of about 30" and were not upset. The data in Table 1 gives an
indication that forging reduction influenced the mechanical properties,
particularly the Charpy values. The 17-3/4" OD forging had received a re-
duction of about 3/1 and its Charpy is well below those of the other forgings
which had reductions of about 6/1 and 14/1.

To determine the adequacy of the heat treatment, test samples taken from
the forging by the vendor were given various heat treatments. These con-
sisted mainly of reproducing the recommended heat treatment and measuring
the resulting mechanical properties. From this testing, it was concluded
that Latrobe did, in fact, follow the recommended heat treatment since the
mechanical properties remained essentially unchanged from those initially
observed. Two of the 105mm, M137 barrels were test fired. These tests dem-
onstrated wear to be approximately equal to that of regular gun steel.
Fatigue life was thought to have been better; but this was not definitely
established nor quantified.




BENEFITS

This project has shown that HY-180 forgings can be successfully
fabricated into gun components. These components appear to perform at 4
least as well in service as gun steel components. This project has also
shown, however, that the toughness and other properties of this material
are strongly dependent on the amount of hot working, i.e. plastic deform-
ation. One lesson learned with regard to HY-180 was that it is inadvis-
able to predict the properties of large forgings based on property data
for highly worked plate.

IMPLEMENTATION

In considering th¢ implementation of HY-180 steel with its high alloy
content and necessarily sophisticated melting practice, it was recognized
that this material would be very expensive, rapidly escalating in pricc,
and might become difficult to obtain. Because there was no clear-cut
advantage that was likely to offset these negative factors, no impiementation
was recommended.

MORE INFORMATION

Additional information may be obtained by contacting Dr. Fran Heiser at
AV 974-5507 or Commercial (518) 266-~5507.

-~

.

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

(rRcs DRcMT-302)
Manufacturing Methods and Technology project 670 6769 titled, "Application
of Ceramic Shell Investment Casting Process to the Production of Castings

Now Being Produced by the Solid Mold Investment Casting Process' was
completed by Watervliet Arsenal in October 1974 at a cost of $122,896.

BACKGROUND

The solid mold process had been used at the Watervliet Arsenal for twenty-
five years. They first became interested in the potential offered by solid
mold investment casting in 1943 and set up an experimental foundry to explore
the process. 1In 1944, Watervliet Arsenal became the first arsenal to produce
production castings for gun components. From 1944 through 1969, thousands of
castings for various weapons were made by this process.

D e AR MR R

SUMMARY

This project was initiated to determine the potential advantages of the
ceramic shell process over the solid mold investment casting process in the
areas of dimensional control, surface finish, size, and configuration. The
ceramic shell process had its beginning during the late fifties; and for
many years each foundry had 1its own formula for the ceramic slurry used to
produce the shell. Several ceramic slurry formulas were available from
companies such as E. I. duPont de Nemours, Nalco Chemical Co., Stauffer Chemical
Co., and others. After reviewing literature and talking to representatives
of the various companies, the "Ludox" formula by E. I. duPont de Nemours Co.
was selected for further evaluation. The following five components were chosen
to evaluate the process:

1, Clamp B8769489 105mm, M68 Gun

2. Sleeve C7238349 . 105mm, M2A2 How.
3. Sear 7238384 105mm, M2A2 How.
4, Bracket F8766064 90mm, M67 Rifle
5. Breech F8768203 90mm, M67 Rifle

Figure 1 showing the bracket and wax mold tooling is the extreme example
of the part complexity attempted.
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Figure 1 - Bracket and Wax Mold Tooling

The major types of equipment procured for this evaluation were:
wax injection press, dewaxing autoclave, fluidized beds, slurry turntable
mixers, and humidifier.

The following conclusions were evolved:

1. Good dimensional control was experienced in the smaller components,
but with the larger castings, the bracket and the breech, warpage occurred.
The problem was correctable by using straightening fixtures.

2. All components exhibited exceptional surface finish. One working
surface on the sear was acceptable as cast; whereas, such a surface produced
by the solid mold process would have required machining.

3. No problems were encountered in making the wax patterns, but it was
found that the larger wax patterns (such as the bracket) required some form
of support until they were ceramic coated.

4. Less decarb was experienced with this process.

5. Lead time (wax pattern to casting) was reduced tc three days from the
five days experienced with the solid mold process.

6. The process as applied to the clamp was suitable on a regular produc-
tion basis. Minor corrections to the tooling for the sear and sleeve were
needed to qualify the process for the applicatioa. Application of the process
to the bracket and breech needed extensive future work to establish its work-
ability.
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7. The following castings were also made.

12 ea, poppet CPR-9746 152mm Gun XM150
30 ea, lever WITV-C24684 60mm Motar XM225
60 ea, foot WIV-C23903 60mm Mortar MX225

The first two prototypes of the foot were produced at a cost of $125 each
using solid mold castings. Using the ceramic shell process, this item cost
$24.05 for the casting and $22.00 for the machining, or a savings of $78.95
each.

BENEFITS

This self-implementing project resulted in production economies in support
of the 105mm M68 and the 60mm M225, which yielded a savings to investment
ratio of 2.75.

IMPLEMENTATION

Project results were implemented by Watervliet Arsenal in January 1974.
The project was self-implementing.

MORE INFORMATION

Additional information may be obtained by contacting Mr. R. McCabe at
AV 974-5318 or Commercial (518) 266-5318.

Summary Report was prepared by Ken C. Bezaury, Manufacturing Technologv
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
. PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology projects 670 6771 and 671 6771

F titled, "Application of an Improved Machine for Automatic Step Threading

of Breech Blocks and Rings' were completed by the US Army Armament

Materiel Readiness Command in January 1977. Project costs were $122,000 ;
and $125,000, respectively, for each of the funded years.

BACKGROUND

The step~thread is a thread design in which the mating surfaces of the
breech block and ring are threaded on two or more diameters having the same
axial location. The purpose of stepping the thread is to provide the maximum l
possible surface engagement area while at the same time allowing minimum rotary
movement during engagement and disengagement of the block and ring.

The conventional method of machining step-threads in breech rings and
blocks is by use of an engine lathe whose cross slide is automatically traversed
in and out for threading the varying diameters of a rotating workpiece. This
method is time consuming, requiring approximately 7 1/2 hours for a 175mm
breech block.

During World War 11 an attempt was rade to overcome the bottleneck caused
by conventional machining of breech blocks. LaSalle Engineering Company of
Chicago was consulted and proposed a broad bladed cutter similar in design to
a conventional thread chaser. A machine was constructed at Watervliet Arsenal
in 1943. Although the fundamental method was sound and the equipment capable
of producing a thread, inherent design defects prevented the system from be-
coming a reliable piece of production equipment, and at the end of World War
IT it was discarded as surplus.

During the 25 year span from its conception, the potential of this threading
innovation was discussed many times. Continued anticipation of a breakthrough
in weapon design whereby step-threads would no longer be required prevented
j any resolution of the step-thread machining problem.

' In 1969, however, an MMT project was initiated and subsequently completed :
‘ for the specification and construction of a prototype machine to produce step- 1
threads in the 175mm and 8" breech ring using a rotary thread shaping method.
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Although this prototype machine was capable of only roughing threads, it
resulted in a time saving per breech ring of 4% hours.

Based upon the data obtained in the procurement and testing of the
prototype machine for breech rings, it was decided to apply the rotary
shaper approach to the machining of 175mm and 8" breech block threads.

SUMMARY

A machine concept and specification were prepared for the purchase of
a machine (Figures 1 and 2 below) to rotary shape 175mm and 8" breech
block threads. With this machine, the component is mounted on the
machine spindle and oscillated while the tools are fed out to machine the
required thread depth and form. In addition, provisions were made that
allow for the finishing of threads using only one tool. This eliminates
two problems that were encountered with the prototype ring machine--
maintaining thread concentricity and lead in the finished component.
Safety switches were incorporated to insure that a breech block would not
oscillate unless it was located in the correct position for either large
sector or small sector threading. This was necessary in order to prevent
tool and/or machine damage.

Fifteen 175mm breech blocks were machined to establish machining para-
meters and prove the reliability of the thread shaping principle. The
initial cost of blade type tools was found to be much higher than con-
ventional tools, but the lower cost of regrinding and longer expected tool
life associated with the blade type tool made its cost approximately equal
to the conventional tool.

P

Figure 1 - Front View of Step-Threading Machine
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Figure 2 - Close-Up of Step-Threading Machine

BENEFITS

The use of rotary shape threading equipment has resulted in a savings of
approximately 5 hours machining time per breech block.

IMPLEMENTATION

Rotary shape threading equipment has been installed at Watervliet
Arsenal and is being used for 175mm and 8" breech block production.

MORE INFORMATION

Additional information may be obtained by contacting Mr. Phil Casey,
AV 974-5737 or Commercial (518) 266-5737.

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

104




MANUFACTURING METHODS AND TECHNOLOGY
PROJECI SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 671 6772 titled, "Elimination
of Bore Honing by Bore Broaching and Electropolishing" was completed by the
US Army Armament Command in January 1975 at a cost of $75,000.

BACKGROUND

In the manufacture of cannon tubes, normal practice calls for numerous
machining operations after autofrettage has been completed. During one of
these operations, rough honing, approximately .060 to .080 inches of material
must be removed. This is a time consuming operation which creates a great deal
of heat and requires the use of large quantities of honing stones. After
straightening and OD turning, the gun tube is then finish honed and the bore
is rifled. As can be seen, this procedure involves moving the tube from
machine to machine many times and is very inefficient.

SUMMARY

The objective of this effort was to modify an existing rifling machine so
that it could be used to broach, rifle, and electropolish a gun tube bore. A
bore broaching head and cutters, Figure 1, were designed and tested. Both
rough and finish cutters were made with the same diameter, with the roughing
cutter having twenty-eight chip breaker grooves on the circumference. The
roughing cutter removes all the material to be removed during the broaching pass
with the exception of the notches left by the chip breakers. The finishing
cutter follows and removes these notches, producing the smooth surface required
for the next broaching pass. A complete set of bore broaches and a set of
rifling broaches to fit the bore broaching head were designed and manufactured.

Electropolishing upon completion of the rifling operation in order to obtain
the required surface finish was attempted but was not successful. It was found
that the time required to prepare, electropolish, and clean the tube was
greater than the time required to remove the slight amount of material by con-
ventional finish honing.
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Figure 1 -

Bore Broaching
Head and Cutters

BENEFITS

The time for producing the finished rifled bore in a 105mm M68 tube can
be reduced by slightly over three hours with the use of bore broaching.

IMPLEMENTATION

Bore broaching of cannon tubes has not been implemented. Bore broaching
is a replacement operation to honing and would be performed on a rifling
machine. These are in short supply and would be overloaded if full implemen-
tation were attempted. In addition, the Operations Directorate at Watervliet
Arsenal does not believe bore broaching can achieve the required accuracies
that are presently being obtained through bore honing.

MORE INFORMATION

Additional information may be obtained from Mr. Phil Casey, AV 974-5737
or Commercial (518) 266-5416.

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




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRCcMT-302)

Manufacturing Methods and Technology project 675 6830 titled, '"Forging of
Metal Powder Preforms' was completed in June 1976 by the US Armament Materiel
Readiness Command at a cost of $95,000.

BACKGROUND

In a FY69 year project, conventional closed die forging technology had
been used to consolidate powder metal preforms of relatively simple geometrv.
Results showed that a virtually 100 percent dense component could be produced
having good mechanical properties. A FY71 project was funded to extend the
powder metal forging technology to obtain more complex geometrics by isothermal
forging. This project showed that it was technically feasible to isothermally
forge a complex geometry such as the cover of the M85 machine gun directly from
powder. The FY75 project was funded to optimize this process.

SUMMARY

The project was conducted with primary emphasis placed on preform develop-
ment. Initial efforts were concentrated on fabricating three types of pack
sintered preforms: a simple cross—shaped preform which would require extensive
deformation during forging; a more detailed preform which would require less
deformation; and a highly detailed preform which would require minimal defor-
mation. The simple and intermediate preforms were successfully fabricated;
however, the highly detailed preform could not be fabricated due to cracking
of the preform during cooling in the ceramic mold. The cracking was attributed
to the geometry of the preform and the difference in the coefficients of thermal
expansion of the ceramic mold and the preform.

Forging tests with the simple and intermediate preforms resulted in unsatis-
factory forgings. The tests indicated material flow was lower than expected
and that a highly detailed preform was necessary for complete die fill. Subse-
quent preform development involved modification of the intermediate preforms by
machining and formation of highly detailed preforms by cold compacting the
powder in the forging die. Forging tests using both preforms were conducted.
The forgings produced from the modified, intermediate pack-sintered preform
showed the best volume distribution and densification; however, die fill was
not achieved due to low density and the lack of coherence of the preform, the
complexity of the component, and the lower than expected flowability of the
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material under isothermal conditions.

Figure 1 shows an isothermally forged
cover for the M85 machine gun.

I~ Figure 1 - Isothermally Forged Machine Gun Cover
BENEFITS
. Since this project was not successfully completed, no benefits have been
B obtained.
! IMPLEMENTATION

Implementation is not contemplated.

MORE INFORMATION

{ Additional information may be obtained by contacting the project officer,
: Mr. Joe DiBenedetto, AV 794-4584 or Commercial 793-4584.

| Sumﬁury Report was prepared by Gordon Ney, Manufacturing Technology Division,
’ US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCcs DRcMT-302)

Manufacturing Methods and Technology project 672 6874 titled, 'Manufacture
of Improved Gun Barrels Utilizing New Corrosion and Erosion Resistant Materials"
was completed by Rock Island Arsenal in April 1975 at a cost of $200,000.

BACKGROUND

The high ambient temperatures, thermal transients, and corrosive and erosive
cavironment existing at the bore surface are serious factors limiting barrel
life under rapid firing schedules. The field use of rapid fire weapons systems
is thus restricted by conventional barrel materials.

It was felt that the problem could be ameliorated by fabricating barrels
from refractory alloys, because of their greater thermal, corosion, and erosion
resistance properties. However, it was recognized that fabricating these
refractory alloys would be extremely difficult. Furthermore, such refractorv
materials are highly alloyed and are significantly more expensive than conven-
tional barrel steels.

This project is the third and final phase of a three-year effort to utilize
these materials, which are inherently difficult to fabricate using conventional
gun barrel manufacturing techniques.

The FY69 effort ($200,000) had provided a means to select improved materials
for gun barrels based on realistic criteria. Specifications for the fabrication
of barrels out of hard-to-machine materials, by adapting rotary swaging tech-
niques, were established; and the fabrication of improved gun barrels by this
more modern shaping technology had been accomplished.

The FY70 effort ($100,000) was in progress to adapt other shaping processes
such as piercing, extruding, electrochemical machining, ultrasonic machining,
and crush form grinding to the economical fabrication of gun barrels. Prelimin-
ary results indicated that high temperature-high strength materials could be
fabricated more accurately with better surface finish, by using these updated
techniques.

SUMMARY

This project utilized the new technology to manufacture 100 rapid-fire gun
barrels for the ensuing field tests.
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Radially-forged blanks of the M-134 gun barrels (made of H-11 hot work
die steel and Incoloy 903 superalloy) were finish machined using the updated
manufacturing techniques. After finishing, .the gun barrels were internally
chromium plated with no electropolishing being required due to the fine bore
finishes imparted during rotary forging. The gun barrels were then submitted
for final field testing and were found to be acceptable. Under ordinary
firing schedules, the H-11 barrels were tolerant of approximately 1000? higher
temperatures which extended barrel life by about 407.
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Figure 1 - 20 Finished M~134 Barrels of H- 11 Steel Prepared bv Cold Rotarv
Forging With Combined Rifling and Chambering

BENEFITS

Completion of this three-year program has presented an improved manufac-
turing technology for the fabrication of contemporary and improved gun barrel
materials. This technologv includes the use of improved gun drilling techniques:
radial forging for the forming of preforms, and subsequent forming of rifled
and chambered gun barrel bores and outside contours: updated machining methods
for the finishing of forged gun barrel blanks, and the elimination of electro-
polishing requirements for gun barrels which must be chromium plated. This
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Figure 2 - As-Forged M-134 Barrel With Fullv Developed Rifling and Chambering
b and an Inset of a Macroetched Section Showing the Metal Flow Lines
3

b

updated manufacturing technologv is applicable to all materials which
are or may be used as contemnorary or advanced small arms gun barrels.

IMPLEMENTATION

The final technical report (ER 7604-F) was published in April 1975 bv

General Thomas J. Rodman Laboratory. Technology was transferred via this
r report and by full scale demonstration.
|

MORE INFORMATION

Additional information may be obtained by contacting Mr. J. D. DiBenedetto
at AV 793-4585 or Commercial (309) 794-4584.

t; Summary Report was prepared by Ken C. Bezaurv, Manufacturing Technology
» Division, US Army Industrial Base Engineering Activitv, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJEC! SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology projects 671 6915 and 672 6915 titled,
"Application of Flow Turning and Peeling to the Shaping of Cylindrical

Weapons Components' were completed by the US Army Armament Materials Readiness
Command in October 1977. The project costs were $75,000 and $80,000, respec-
tively, for each of the funded years.

BACKGROUND

Past studies of leading metal-cutting researchers such as Dr. Milton Shaw
(Carnegie-Mellon University) and Dr. Eugene Merchant (Cincinnati Milling
Machine Company) have shown the advantages of non-continuous, rotating-tool
cutting. Commercial emphasis on other areas, however, has obscured this
development.

SUMMARY

The objective of this effort was the evaluation of opposed multiple-tool
flow-turning, rotary-shear peeling, milling, and abrasive machining for
adaptation to the shaping of small arms barrels and recoil cylinders. Multiple
head assemblies, mounts, and drive mechanisms were designed and fabricated for
installation on an existing lathe.

Single-edge and multiple tooth cutting discs were tested at various positions,
lead angles, speeds and feeds. Various coolants were tested with both power-
driven and self-driven disks. Grinding disks and milling disks were also

tested. Figure 1 below shows a typical setup for three self-propelled cutter
heads.

A cutting efficiency of 1.65 cubic inches per minute per horsepower was
achieved using a single self-propelled HSS disc, but the metal removal rate,
efficiency, and surface quality were limited when using multiple self-propelled
cutters. This was due to chatter and vibration problems. Various longitudinal
and radial spacings of multiple cutters were tried, but without success.

Neither power-driven rotary-turning nor abrasive machining approached the
efficiency of flo-turning. It was concluded that further development of both
tooling and machine tools will be required before flo-turning can be applied
in manufacturing.




Figure 1 - Self Propelled Cutter Heads

' BENEFITS
Flo~peeling and other alternatives to couventional turning were evaluated

and determined to be infeasible due to the structural design and stability
of present machine tools.

IMPLEMENTATION ‘9

Since flo-peeling and flo-turning was determined to be infeasible, there
has been no implementation associated with this project.

.

MORE INFORMATION

Additional information may be obtained by contacting Mr. Ray Kirschbaum,
Rock Island Arsenal, AV 793-5363 or Commercial (309) 794-5363.

i Summary Report was prepared by Alan L. Peltz, Manufacturing Technology
: Division, US Army Industrial Base Engineering Activity, Rock Island, IL
61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology projects 671 6943 and 672 6943
titled, "Engineering Study and Application of Metallurgical Processes

to Manufacture of Cannon (Compression Forming)' were completed by
Watervliet Arsenal in September 1974 and April 1976 at costs of $222,000
and $300,000, respectively.

BACKGROUND

In manufacturing gun barrels through the previously used methods, it
was necessary to bore a large diameter hole through the alreauy forged cannon
barrel. The rifling was then produced by conventional broaching or electro-
chemical machining. This method of manufacture was expensive and did not
offer the means for obtaining the best possible fatigue and wear properties
at the ID of the gun barrel.

The radial-forging process was developed in Europe and is, among its other
applications, routinely used for forging gun barrels. This method of manufac-
ture offers the advantage of lower unit cost compared to the conventional
method. In addition, the gun barrels produced by radial forging show improved
mechanical and metallurgical properties. At the inception of this effort, a
large radial forging machine with numerical control had been planned for in-
stallation at Watervliet Arsenal.

SUMMARY

The overall objectives of the program were as follows: (1) Analyze the
mechanics of the radial forging process and determine quantitative relation-
ships between process parameters, (2) Establish quantitative rules for
optimizing the process. (3) Computerize all the quantitative relationships
so that, for given product requirements, the process can be optimized rapidly
and reproducibly.

Phase I (FY71 of the program analyzed the stresses, loads, and the metal
flow in the radial-forging process. Phase II (FY72) included: (1) An
analysis of the stresses and loads in radial forging of gun tubes with com-
pound angle dies, and (2) the prediction of the temperature distributions in
the forged material, the dies, and the mandrel during radial forging of gun
tubes.




The mechanics of radial forging of tubes with compound-angle dies was
investigated using the Slab method of analysis. The effect of strain,
strain rate and temperature on the flow stress of the deforming material
was considered using numerical techniques. This analysis was used to
develop a computer program. This computer program was capable of predicting
the load, power, and stress distribution in radial forging of tubes. The
comparison of computer predictions with experimental data indicated that
the analysis was sufficiently accurate for engineering purposes. A finite-
difference analysis for predicting the time-dependent temperatures distribu-
tions in radial forging of tubes was also developed. This part of the study
utilized the previously developed analysis of metal flow in the radial-forging
process. The entire procedure for predicting temperatures was computerized
to facilitate its use in overall optimization of the process.
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BENEFITS

The results of this effort are expected to assist the process engineers
at Watervliet in establishing optimum production conditions and in generating
the NC tapes and tooling for the radial forging of gun barrels.

J T U DA TR TR SUPUA oOES

IMPLEMENTATION

This manufacturing problem solving methodology was self-implementing at
Watervliet upon project completion.

e et e

MORE INFORMATION

RNV, N

Additional information may be obtained by contacting Mr. Leonard Liuzzi
at AV 974-5827 or Commercial (518) 266-5827.
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Summary Report was prepared by Ken Bezaury, Manufacturing Technology Division,
US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RcS DRcMT-302)

Manufacturing Methods and Technology Project 671 7023 titled,
"Application of Pneumatic Mechanical High Energy Forging to Weapons
Manufacture" was completed by Rock Island Arsenal in June 1975 at a
cost of $211,000.

BACKGROUND

Basically, pneumatic high energy rate forging equipment stores potential
energy in the form of highly compressed air. Through the use of a unique
triggering mechanism, the air is "fired" or instantaneously released to the
ram cylinder, accellerating the ram downward at a very high rate. A speed
of 60 feet per second or 41 miles per hour is reached in a matter of inches.
The kinetic energy so developed is transferred to the workpiece on impact.
Although private industry had used the high energy rate forging (HERF)
process successfully, its applicability to weapons systems had not been
established by government agencies. Because the process was known to have
unique capabilities in producing near-net-shape parts and parts otherwise
impossible to forge, it was felt that successful applications would generate
cost and lead time reductions.

SUMMARY

A study of parts with potential applicability to the High Energv Rate
Forging (HERF) process was performed and the required equipment was deter-
mined. A contract was signed with Precision Forge Co. to purchase a Model
1220-D Dyno Pack HERF Machine. The equipment was obtained and installed in
the Forge Shop at Rock Island Arsenal. (See Figure 1)

A variety of the applicable components were forged using the HERF process.
These trials involved the use of various materials as forging stock (4140,
1045, and 4340 Aluminum) and using a variety of die steels selected for
each application. For sake of brevity, only one example is given from the
final technical report:

The component was a collar, Part No. 11578376, How. M185. The forging
stock was a 4140 steel rolled ring 10-3/8" 0.D. x 7-5/8" I.D. x 2-1/4"
thick. The stock was heated to 2000°F and forged at a fire pressure of 1975
psi. This fire pressure is near the maximum limit of the equipment. The
forging was successfully formed in one forging blow which displaced (back
extruded) approximately 31 cubic inches of steel.
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The use of the HERF process on this component resulted in the use of
less forging stock and reduced machining time for finishing. The die
for this component was fabricated from Heppenstall Pyrotem, Temper A,
grade 6357 die steel, The die performed satisfactorily and remained in
serviceable condition,

e

Y

Figure 1- Dyno Pack HERF Machine

Based on a substantial number of similar trials, the following conclu-
sions were drawn:

PN

1. The HERF process is not as flexible as a steam hammer. However,
for appropriate shapes and metal displacements, the HERF process will form
forgings that are not possible on conventional forging equipment. On sym-
metrical parts with large metal displacements, the HERF process allows the
forming of deep extrusions or large height to diameter ratio upsets. HERF
forgings can be formed in one forging blow, to closer tolerance, and with
little or no waste in the form of flash, Due to this, and the ability to
utilize smaller draft angles, HERF forgings generally require less finish

‘ machining.

2. Unsymmetrical parts, or parts where there is little metal movement,
! are not good HERF applications, as the die life is shortened due to high
f die load levels under these conditions.

| 3. A standard die material such as Finkl DURO DI, Temper 2, is suit-
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able for HERF dies which are not heavily loaded or for the body portion

of dies which are moderately heavily loaded. For HERF die punches or heavily
loaded die bodies, a material with better properties is required. Heppenstall,
Special C, Temper AA was found to be quite good in heavy die loading situa-
tions.

4, 1In general, HERF dies may be designed to produce forgings to closer
tolerances and with less draft than conventional forgings. Draft angles
used on HERF dies in this project ranged from 0° to 3°. Conventional draft
angles are about 7°. Sharp corners and small radi should be avoided on
HERF dies. Generous radii lower the stress concentrations and will fill the
forging die with lower forging pressure.

5. No metallurgical problems were observed in the production of HERF
forgings.

6. Based on a sample of five dies used in these trials, the HERF dies
were estimated as costing only 63Z as much as drop hammer forging dies for
the same applications.

BENEFITS

This project established that in appropriate applications the HERF process j
is a viable and cost effective method for weapons manufacturing. ]

IMPLEMENTATION

The Dynapak HERF machine was excessed to DIPEC and sent to Precision
Forge of Santa Monica, California, where it was scheduled for use in
support of the Grumman F-14, the Trident, and other Missile applications. .
No further implementation occurred at Rock Island Arsenal.

MORE INFORMATION

Additional information may be obtained by contacting Mr. John
Jugenheimer at AV 793-4135 or Commercial (309) 794-4135.

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

61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 671 7028 titled, 'Mechanized
Benching of Cannon Components" was completed by the US Army Armament
Command in February 1975 at a cost of $70,800.

BACKGROUND

The removal of edges or burrs left by machining operations has histor-
ically been referred to as “benching." This term was used because the
operation was usually performed while the workpiece rested on a work bench
or table. Benching is required for two important reasons. First, it pre-
vents injury when handling parts with sharp edges, and secondly, it allows
mating parts to move freely across or through one another.

Hand benching has always had the two distinct disadvantages of high cost
and inconsistent reliability. Recently, various machines and equipment have
become available for replacement of these hand operatioms.

SUMMARY

The objective of this project was the mechanization of hand benching
operations on cannon components. The project consisted of the investigation
and testing of three distinctly different machines which are used to produce
edge radii or chamfers while removing sharp edges or burrs. These were the
Harperizer, the Extrude Hone, and the Held Edge Grinder.

The Harperizer will deburr and radius external edges on large heavy
components. It performs benching operations by tumbling or vibrating parts
through a mixture of abrasive stones or powder and water. The Extrude Hone
machine performs similar operations on the internal surfaces of weapon com-
ponents by pumping an abrasive impregnated silicon putty through or around
a work piece. The Held Edge Grinder will deburr and chamfer the edges of
parts. This is accomplished by pushing the part along two angular rails over
an enclosed grinding wheel.

Harperizer tests were conducted on the 105mm M137 Breech Ring and Breech
Ring Brackets. Fixturing for all tests was designed and manufactured in-
house. Various combinations of abrasive, soap, and water were tested. The




most successful combination was recommended by the Harper Company
and was comprised of aluminum oxide pins, soap, water and a cutting
compound. The Harperizer is shown in Figure 1.

IRy

Figure 1
Harperizer Machine

The Extrude Hone machine was originally intended for potential use on
thread sectors of 152mm gun launcher couplings. Subsequent developments
in electrochemical maching (ECM) technology negated the need for the
Extrude Hone machine in this application. It was then evaluated for app-
lication on the 20mm M139 tube chamber. Limited testing showed excellent
results, but anticipated production quantities were insufficient to justify
g the required investment and this portion of the project was suspended.

Testing on the Held Edge Grinder indicated that traverse speed, pressure
and wheel dressing were important operational parameters. It was determined
} that the coarse grit zone should be .004" to .008" below the fine zone.
Traverse speed and pressure were best determined by experimentation on the
part of an experienced operator. The Held Edge Grinder is shown in Figure 2. ]
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Figure 2
Held Edge Grinder

BENEFITS

Approximately 1.7 hours per component can be saved with the use of the
Harperizer on the breech ring for the 105mm M137 cannon. Use of the Held
Edge Grinder will produce savings of approximately 0.25 hours on the 8" and
175mm rail. Both of the savings result from the improved efficiency of
mechanized benching over manual methods.

IMPLEMENTATION

The Harperizer and Held Edge Grinder have been implemented at Watervliet
Arsenal on the 105mm M137 Breech Ring and Bracket.

MORE INFORMATION

Additional information may be obtained from Mr. Robert Cipperly, AV
974-4127 or Commercial (518)266-4127.

i Summary Report was prepared by Alan L. Peltz, Manufacturing Technology
! Division, US Army Industrial Base Engineering Activity, Rock Island, IL 612993.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRCMT-302) ]

Manufacturing Methods and Technology project 671 7030, titled, '"Abrasive
Machining of Minor Items for Cannon Manufacturing,' was completed by the
US Army Armament Command in May 1976 at a cost of $239,000.

BACKGROUND

Abrasive machining has been investigated in the past showing a signifi-
cant metal removal potential for abrasive machining, but no practical technique
available for production. Also, little progress has been made in increasing
the efficiency of the abrasive grain as a cutting media.

The term "abrasive machining" was a misnomer in the mid 1960's. Equip-

ment with greater power and abrasive exposure increased metal removal rates,
‘ but only in proportion to its physical relationship with smaller machines.
Higher horsepower drive systems, wheel loading, and grain composition were
only a few of the factors that had to be resolved before the term abrasive
machining could genuinely be applied.

In the late 1960's Bendix Corporation perfected experimental abrasive
! machining equipment and techniques which showed abrasive machining to be a
realistic production tool. Metal removal rates exceeded those of conventional
equipment and tool life, operating costs, capital investment, flexibility,
and labor requirements were all expected to benefit from a suitable applica-
’5 tion of abrasive machining.

! SUMMARY

The objective of this project was to demonstrate the cost reduction
possible with the use of abrasive machining for the manufacture of cannon
parts, and at the same time demonstrate an improvement in part qualitv,

Three parts were selected for testing - the 175mm and 8" Obturator Shaft,
the 105mm Crank, and the 175mm and 8" Bushing. The first two parts were
| machined on a modified multi-form grinder having the capacity for a 10" dia.
X 24" length part. The last part was machined on a modified multi-form
grinder having the capacity for a 30" dia. by 9" length part. These machines




were versatile high speed prototype production machines designed for
grinding intricate and precise cvlindrical parts.

The contour of the grinding wheel was produced by the crush dressing
process. In this process, a hardened roll having the same cross-section
as the work piece {s torced to run with the grinding wheel while under
extreme pressure, imparting the inverse form of the workpiece onto the
grinding wheel. The hardened roll can be made of high speed steel, carbide,
or boron-carbide. Carbide rolls were selected for this project because
they are more economical,

A jet wheel cleaning system was tested and found to be necessary in order
to prevent the grinding wheel from loading up with particles of the material
being ground. A filtration system to remove all particles, 25 microns and

larger, was also found to be necessary in order to prevent crush roll wear,
wheel loading, and excessive heat build-up.

After preliminary experiments had proven the abrasive machining method to
be practical, specifications were developed and a Request for Proposal was
issued for the construction of all necessary equipment. Bendix Company was
awarded a contract and developed the equipment shown in Figure 1 below.

y

Figure 1 - Overview of Abrasive Grinding Equipment
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The following conclusions were drawn relative to abrasive machining
upon conclusion of this project:

1. Abrasive machining is a highly competitive metal removal process
with fast stock removal capability.

2. Material waste is reduced because parts can be cast or forged closer
to finished size.

3. Abrasives are not affected by variations of surface quality.
4. Interrupted cuts do not affect abrasive machining.

5. Hardened steels, from RC60 and up, are ground routinely with abrasive
machining.

6. Savings in excess of 85 percent are expected where abrasive machining
is used in lieu of conventional single point tooling.

BENEFITS

The machining time of breech components for the 105mm M68 cannon and the
175mm M113 cannon has been reduced from 75 minutes to 13 minutes. Savings
on these two components is currently estimated to be nearly $65,000 per year.
Abrasive machining equipment has also been purchased for the machining of
test specimens. Annual savings from this operation is currently estimated to
be $348,000.

IMPLEMENTAT ION

Abrasive machining is being implemented at Watervliet Arsenal on the
components noted above.

MORE INFORMATION

Additional information may be obtained from Mr.Gerald Spencer, Watervliet
Arsenal, AV 974-5319 or Commercial (518) 266-5319.

Summary Report was prepared by Alan L. Peltz, Manufacturing Technology
Division, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

Manufacturing Methods and Technology project 671 7031 titled, "Powder
Chamber Contour Boring by Balanced Tooling' was completed by the US
Army Armament Materiel Readiness Command in June 1975 at a cost of
$100,000.

BACKGROUND

Powder chamber boring is performed by means of a cantilever bar supporting
the cutting tool at one end while the opposite end is supported by the saddle
of the lathe. This arrangement is inherently springlike and lacks the
rigidity essential for precise contour control. In order to obtain the re-
quired accuracy, it is necessary to make several light cuts in order to keep
bar deflection to a minimum. It is often necessary to manufacture a form
reamer to finish the powder chamber, even when grinding is used.

1f a counter balanced tool were used to bore the chamber, deflection could
be virtually eliminated. A twist drill, for example, represents a very
flexible structure yet the stock removal capability is very high. The
balancing of the cutting action by two cutting edges readily allows diameter
to length ratios of 48 to 1 and greater.

SUMMARY

The objective of this project was to develop a counter-balanced tool for
powder chamber boring in order to eliminate deflection of the cantilevered
tool holder. A powder chamber boring bar incorporating dual cutting tools
was designed and fabricated, as was an electronic control system.

Tool control and surface finish test results were encouraging when light
cuts were made. However, when cutting depth was increased to a point which
would produce anticipated savings, tool control problems were experienced
due to poor chip formation and a resulting buildup of chips at the cutting
tool. Because of limited space, it was not possible to make the tool geometry
changes necessary to improve chip formation and increase metal removal rates
to acceptable levels.
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BENEFITS

A method for contour boring powder chambers by balanced tooling was !
not developed and therefore no benefits were realized. 4

IMPLEMENTATION

Since the objectives of this project were not met, there was no implemen-~
tation.

MORE INFORMATION

Additional information may be obtained from Mr. Robert Meinhart, Watervliet
Arsenal, AV 974-5737 or Commercial (516) 266-5737.

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




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(Rcs DRcMT-302)

Manufacturing Methods and Technology project 676 7241 titled, “Improve-
ment of Honing Equipment and Procedures'" was completed by the US Army
Armament Command in August 1980 at a cost of $178,000.

BACKGROUND

Honing is a grinding operation used to obtain proper hole size and to
improve surface finish. Operations prior to honing produce a tapered hole
with relatively poor surface finish.

In the past, honing was used to finish the tube bore by removing only
.010 inches of stock or less. Today, with the use of the swage autofrettage
operations, as much as .060 inches of stock must be removed by the honing
process in order to provide a surface quality acceptable for the swaging
process. This increased honing requirement has necessitated upgrading of
present honing equipment.

SUMMARY

The objective of this project was to engineer, manufacture, and test new
honing equipment and techniques in order to increase honing speed and reduce
honing time by approximately two hours per component.

A new feed system and mating hone head was installed, providing a high
power feed that increased stone pressure and provided for faster metal re-
moval rates. To withstand the increased feed pressures, the work holding
unit was modified to keep the tube from moving while being honed. Top and
back plates were installed to the hone support tray assembly and a positive
stop was added to the coolant injection snorkel assembly. The feed system,
hone head and work holding unit are shown in Figure 1 below.

An automatic in-process bore size gaging system was incorporated into
the hone process to eliminate bcre measurement with a star gage. To install
this system, a head was designed and manufactured to house three induction
probes. After considerable testing, the measuring system proved to be un-
reliable in measuring finish bore size during the honing operation. 1t did,
however, perform satisfactorily when used statically and thus provides a
gaging method which is faster than star gaging and can be used up to the
point of final bore size verification.




Figure 1 - Feed System, Hone Head, and Work Holding Unit

‘(5 The cutting fluid cooling system was updated to provide adequate

refrigeration in order to remove heat generated by the use of increased

stone pressure. An evaporative condenser was installed to continuously

. cool the cutting fluid to within 100F of ambient. In addition, a magnetic

' particle separator was installed to remove the metal chips and coolant run-

; off troughs were added to allow for abrasive grit settlement. The cutting

£ fluid capacity was increased to approximately 600 gallons by installing a

‘ new coolant tank. This was necessary because of the addition of the
evaporative condenser and runoff troughs.

Y

.i Finally, carbide hone head guide wear strips were installed as a replace-
ment for nylon wear strips. This eliminated maintenance delays casued by
frequent changing of worn nylon wear strips.

ritidie- nptiutidin i
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BENEFITS

It is estimated that the use of upgraded honing equipment will reduce
‘ the honing operation from 3.3 hours to 2.0 hours. Operator star
v gaging time will be cut in half with the use of the automatic in-process
; bore size gaging system.

IMPLEMENTATION

The upgraded honing equipment developed with this project will be
implemented at Watervliet Arsenal upon completion of repairs to the high
power feed system. These repairs are presently underway at the contractors
facility under warranty provisions of the contract.

MORE INFORMATION

Additional information may be obtained from Mr. Alex Wakulenko, AV 974-5611
or Commercial (518) 266-5611.

Summary Report was prepared by Alan L. Peltz, Manufacturing Technology Division
US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
FROJECT SUMMARY REPCPT
(rcs DrRcMT-302)

Manufacturing Methods and Technology project 673 7256 titled, "Isothermal
Forging of Titanium Precision Components' was completed by Rock Island Arsenal
in January 1976 at a cost of $150,000.

BACKGROUND

The fabrication of weapon components from titanium alloys in place of
steel would reduce the weight of weapon ccmponents significantlv with no loss
in mechanical properties. Unfcrtunately, titanium alloys are much more expen-
sive than the steels they would replace and are difficult to fabricate by con-
ventional processes. One potentially attractive manufacturing approach for
fabricating weapon components from titanium alloys is the hot die, isothermal,
low deformation rate (creep) forging process. Development of a workable iso-
thermal forging process for titanium alloys has been in progress under a
continuing series of DOD sponsored programs since 1957, but only since 1970
has notable success been achieved,

SUMMARY

The overall objective of this program was to demonstrate the advantage of
isothermal forging of titanium alloys as an improved fabrication process for
lightweight, high-strength weapons components. Specifically, two major goals
were involved. The first was significant cost reduction. The second was sig-
nificant weight reduction without sacrificing useful strength.

To accomplish the stated objectives in an eftficient manner, an initial phase
was performed to establish isothermal forging process conditions. A subscale
component incorporating features representative of the major problem areas in
production of the M85 cover was designed and a sequence of forgings was made to
determine ideal combinations of process parameters, preform design, lubrication
practice, and heating conditions resulting in the required dimensional pre-
cision, mechanical preperties, chemical analysis and surface finish.

The second phase consisted of the manufacture of a demonstration weapon
component, the M85 Machine Gun Cover, by isothermal forging. The process speci-
fication prepared in Phase I was followed throughout, and preforms were designed
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according to the rules governing volume distribution, initial contact points
and fill timing developed for the simulated part. The forgings produced were
used to assess the capabilities and economics of the isothermal forging process.

BENEFITS

Table 1 outlines the economic benefits which would accrue to this process.
Another benefit was a reduction in weigh