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INTRODUCTION

OBJECTIVE OF THE PROGRAM

The objective of this effort is to evaluate, under production conditions,
stmosphere assisted machining of depleted ursnium (DU) penetrators. This
study wili encompass the comparisons of machining cycle times, tool life,
product quality, and in particular, chip quality as generated under these
conditions with those of conventional machining using water soluble coolants,
The proposed overall gosl is to minimize the oxidation of chips both during
machining and subsequent handling so that they will become @ more suitable
material for remelting and so that the very high cost of disposing of chips
cen be reduced.

SUMMARY OF PROJECT STRUCTURE AND PROJECT RESULTS

When this MM&T project was initiated, some preliminary work, mechining the
ursnium 3/4 Ti alloy used for Kinetic Energy (KE) penetrators under en inert
atmosphere of argon had resulted in very promising results. This approach to
machining of resctive materials had been actively promotea by South Creek
Industries (SCI). Because of the licensing restrictions for handling DU, the
experimental machining was carried out at the DoD-AMMRC facility in Watertown,
Massachusetts, under the direction of SCI. The preliminary indications
resulting from this work were that:

1. Machining of DU at production feeds and speeds is possible and
practical, replacing the conventional water soluble coolant by argon
and handling the chips generated in an argon atmosphere.

2. The chips produced looked bright and clean and appeared to be
suitable for remelting.

It should be noted that this work was carried out by machining cylindrical
bars in a single tool, manually controlled lathe. The machining enclosure was
a simple rectangular box which also served as the receptacle for the chips
generated. The chips were removed from the enclosure manually and compacted
in small quantities for the very limited remelting experiments which were
carried out.

The principal incentive for the "atmosphere essisted" machining project is
cost reduction of the finished (DU) penetrator through better materiel
utilization. At present, for every pound of derby metal introduced into the
process at meiting, less than half a pound ends up in the shipped penetrator
core and about one half pound has to be shipped to and buried at one of the
available low level radiation burial grounds. A good fraction of the material
which has to be buried consists of chips. Burial costs are high and are
becoming higher every year. Therefore, there is a strong incentive to remelt
the chips generasted in machining. Two approaches are being taken to
accomplish this. The first is cleaning, etching, compacting and remelting of
chips produced by conventional "wet" machining. The second is that. taken in
this project which sttempts to produce chips of high quality, free of oxide
and uncontaminated by coolant thereby ensuring high yields in the remelting
process.
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The ambitious task attempted in the present project was to use the very
limited dets svailable from the SCI-AMMRC work and to expand this in one step
to 8 full scale production process. This process was to include argon inert
gas machining of the preform and of the finished penetrator, handling chips
from the lathe to the melting process without exposure to air, and remelting
of the chips to 8 quality billet as well as recircuiating the argon. Looking
back at the various problems which had to be solved to cevelop this process to
the point where it could be used in large scale production, it is now evident
thaet neither the time, funds nor the engineering capabilities were sufficient
to sttain our goals. We feel that we have solved the first of the two major
gosls, namely to demonstrate that machining under argon without water soiuble
coolants can be done at rates comparable to conventional machining both for
premachining and for finish machining. The quality of the chips thus produced
is such thast they can be remelted with reasonable yields. The second goal,
how to handle, compact and melt these chips efficiently and economicslly, was
not achieved and very little if any progress toward this goal can be claimed
for the project.
BACKGROUND

Uranium is a very reactive metal. While solid urenium will only oxidize very
slowly and form a semi-protective coating in air at room temperature, it will
react more rapidly st elevated temperatures or in a finely divided form such
as fine chips. Depending on temperature and humidity of the air, urenium will
form -two principal oxides, UO2 and U30g, more complex oxides, hydrides which
are extremely unstable, nitrides and complex combinstions of the above.

The earliest machining of uranium metal and alloys was done at very slow
speeds and with lubricating oils as a coolant. With the large increase in
production requirea by the acceptance of depleted uranium as a superior
material for kenetic energy penetrators, machining speeds increased
drastically, heat removal became vital and the industry shiftea from cutting
oils to water soluble cutting fluids.

Uranium will spark (burn) when machined even while flooded uncer 8 deluge of
water saluble coolant. For the purpose of the proposed work, we can consider
that DU chips see temperatures from room temperature to near the melting point
at the shear face between the tool and the chip. If oxygen or water are
present, some degree of oxidation will take place., The amount of oxidation
depends on cutting speeds and feeds, frictional forces, bulk temperature, etc.

In some cases the chip will be entirely consumed and no metallic material wili
remain., Under present conventional MB33 production machining conditions at
NMI the oxygen content of chips generated during premachining appears to be
approximately 0.1 percent (1000 ppm) while the much finer chips generated at
the higher speeds of finish machining contain close to 1.0 percent (10,000
ppm) of oxygen. Extensive flooding of the metal cutting area was adopted to
minimize burning &and oxidation. The very best material recovery in melting
chips produced by conventional machining has been about 70 percent with 30
percent of gross to be buried st approved disposal sites. These melts were
composed of approximately 20 percent by weight of compacted braquettes.

The Army hes recognized some of the problems inherent 1n recycling of chips
produced by conventional machining techniques used in the production of DU
long rod penetrators. The special attention required for cleaning and
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processing of conventionally machined chips in &8 high volume production
environment is cumbersome and offers a low percentage of clean quality chips
necessary for recycling.

This program was developed to advance the study of chip recycling by
eliminating the source of contamination. The machining of D) under an inert
stmosphere minimizes metal contamination and yields a much higher percentage
of chips for recovery.

The production machining of the M833 penetrator at NMI is carried out in two
steps, premachining of the ultrasonic blank (two passes) and the finish
machining operation which involves the use of eight different tools. The
weight of the starting blank is typically 13.75 pounds. Premachining
generates 2.25 pounds of chips; the weight of the blank for finish machining
is 11.50 pounds. Finish machining generates 2.9 pounds of chips and & solid
nib weighing one helf pound. The weight of the finished penetrstor is 8.1
pounds. Therefore, 59 percent of the starting blank becomes a finished
penetrator while 35 percent is reduced to chips with 6 percent as the
remeltsble rib.

The use of cold argon and cerbon dioxide to cool the cutting ares and to
prevent burning of chips has been examined for various reactive metals. Under
8 contract with South Creek Industries (SCI), the Army has shown the
applicability of inert gas machining to depleted uranium (MM&T 5824563 Facet
5). This work was carried out on a Prastt & Whitney conventional Model "C"
lathe wiath speeds and feeds similar to those used in finishing penetrators on
production equipment. The outstanding finding was that machining carried out
in an enclosure fillea with argon and with the cutting edge of the tool
exposed to a continuous flow or argon, "bright" chips with greatly reduced
oxygen and carbon content could be produced. It was also shown that tool
temperature could be reduced sppreciably and that no obvious excessive tool
wear occurred. Therefore to confirm the techniques ano findings of the stuay,
this production adaptation is being directed to address the specific points
snd machining procedures required to produce a finished penetrator.

The work conducted by South Creek Inc. was reported in AMMRC TR83-42 "DU Chip
Recovery Program"; Phase I, July 1983. Typical machining conditions for the
SCI work taken from the final report of Phase I and NMI's production
experience is shown in Table 1,

Some simplifying assumptions were made in generating Table 1; however, the
theoretical chip weight per hour gives a comparative measure of the energy
expended and the heat generated.

TECHNICAL DISCUSSION

The program of the contract is divided into six specific tasks as follows:

Task A Retrofit of Jones and Lamson Lathe
Task B Construction of Chip Handling System
Task C Machining Evaluation




Tesk D Production Proveout
Task E Evaluation of Bright Chips
Task F Final Report

TASK A RETROFIT OF JONES AND LAMSON LATHE

In accordance with the contract, South Creek Industries of Scotia, New York,
was awarded a subcontract to modify the lathe in such a manner as to permit
the machining operation of the DU penetrstors to be carried out under a
protective atmosphere of inert gas. The Army was instrumental in the

selection of South Creek Industries for this assignment by virtue of their
previous experience on the program carried out at AMMRC under Contract No.
MM&T 5824563, Facet 5.

The lathe assigned to the program was a standard Jones and Lamson, CNC Model
TNCA which had been previously used in a conventional mechining operation with
coolants. It was essential that considerable disassembly be undertaken for
cleaning. The lubricating oils and the water soluble cutting fluids as used
in normal operations would pose serious contamination problems. This same
concern would carry over into the chip handling system that will be addressed
under Task B,

In discussions held with NMI, South freek Inc. first proposed a protective
box design similar to that used at AMMRC, which would encapsulate the turning
operation. The unit would be modified with a type of rubber flap arrangement
which would permit the tool insertion and traversing of the turret head while
still mainteining some integrity of the inert gas being introduced into
chamber. Figure 1.

However, upon closer examination of the problems of changing work pieces, the
physical size of the tool holders and the srea of the opening which would per-
mit gas leakage, it was decided that the better solution was to soopt a two
chamber system.

The original intent was to have South Creek Ingustries generate a complete set
of engineering drawings from which modifications could be made to the Jones
and Lamson lathe., It was determined that this was not practical as the piping
of gas lines and the fabrication of the sheet metal covering of the sliding
components of the lathe could not entirely be foreseen untll the work was
actually started. Therefore the required engineering drawings would not be
generated until such time as the system was completely operational.

Sheet metal was fabricated that would enclose that portion of the lathe from
the head stock to the tailstock including those slide areas by which tool
position is requlated. Ffigures 2 and 3 show the extent to which coverage was
necessary.

The front of the lathe was first closed off with a simple plexiglas odoor.
With some trial purging and by the use of MSA oxygen indicators, 1t was
determined that the considerable leakage of the system did not permit
maintaining the low oxygen levels that would be required, not only to minimize
the oxidation of the chips, but to prevent any possible ignition as well.
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The oxygen level required to prevent oxidation of the DU chips wes determined
‘. by NMI and SCI through SCI‘'s previous experiments to be in the renge of 2 to 4
" percent. Through the efforts as described in the following text, we were able
to achieve levels in the range of 1 and 2 percent.

It was therefore necessary to undertake & much more intensive approach to
sealing the outer enclosure. This resulted in more extensive sheet metal
changes along with the use of fiberglass and epoxy components and caulking
compound to try to seal every possible point of leakage. With the plexiglass
door in place, it was first thought that the larger chember might also be able
to be sealed. 1t was determined that the turret slide erea was & significant
source of leakage and was difficult to seal because the turret has a two axis
movement when 1in operation, A "window shade" type of srrangement was
*’ installed to help sesl the openings between the turret and the machine ways as
they appeared. This was not sufficient and after some time the cover wrinkleao
up to the point where it was of no use. As a result, it was necessary to go
further back on the machine and extend the enclosure around the whole back,
sides and top cresting somewhat of a box around the entire unit. The result
was a very large chamber which in turn required a large volume of gas to
effectively purge the machine as well as being able to maintain the levels
required, The design and the physical size of the Jones and Lamson lathe
made it quite difficult to seal efficiently and effectively.

Since the machine operator requires frequent access to the chamber for the
purpose of loading and unloading of parts, changing tool inserts, clearing
chips, etc., the front plexiglass covering was redesigned to permit the use of
long rubber gloves, thereby allowing access without having to open the door
and release the gas. With this change, it was only necessary to open the door
for mejor servicing. Oxygen monitors were installed to read both the inner
and outer chamber atmosphere. When these adjustments were completed, it was
possible to achieve oxygen levels of less than two percent within the inner
chember. Figures 4 and 5 illustrate the front enclosure modifications.

TASK B CHIP HANDLING SYSTEM

As was the case under Task A, the design and fabrication of means by which DU
turnings would be handled from the inner chamber of the lsthe to the point of
discharge and collection under protective atmosphere was a&also under the
direction of South Creek Industries as part of the same subcontract.

Upon examination of the conveyor system as used on the standard production
machines, South Creek Industries decided to use the same basic mechanism. The
modification designed was an enclosure around the conveyor itself. Chutes to
@ the chip discharge part of the inner chamber and the adapters for the storage
drum at the point of collection were also included. Access ports at various
points of the sheet metal were provided to permit cleaning or the separation
of chips should they ball up in transport. An ergon gas supply was piped into
the base to supplement the argon which would feed down into the conveyor from
the inner chamber of the lathe thus insuring complete protection of the chips
@ throughout the transfer. Figure 6 shows the enclosed conveyor with i1ts access
door and gas feed.



The tesk of chip handling was also designed to include the processing of chips
to s briquetted form. The process of compacting was to be cerried out under e
protective atmosphere. During the period of the machining evaluations
conducted under Task C, the chips were collected st the end of the conveyor in
@ protected drum. The briquetting wes done manually in air while the
compactor wes still under construction. This particular point will be covered
in more cdetai! under Task E, the evaluation of bright chips. The engineering
drawing of Figure 7 illustrstes the layout of the conveyor and the adapters to
the collection drum.

Figure 8 shows a schematic drawing of the lsthe with 8 cutswsy of the inner
chamber end the flow path of the chips into the conveyor being carried along
to the discharge end snd finally into the compactor. In this drawing, the
compactor has replaced the simple collection drum used in the early stage of
the program.

The actual operation of compacting wes to be accomplished by the chips free
falling into a chute and then into the sleeve of the packing die. The chute
wags fitted with a simple push rod to enable the operator to fully charge the
die before activating the hydraulic rem. After the compact had been formed,
the rem was progremmed to retract so as to allow the base plate to be
withdrawn to the side to permit the ejection of the briquette. The operation
would then be repeated.

Figure 9 is a photogrsph of the packing die in position under the discharge
end of the conveyor with an attached drum into which the briquettes would
collect during the machining operation.

Figure 10 is an engineering drewing of the assembly of the chip compactor in
its relative position at the end of the conveyor. Figure 11 is the parts list
for the sssembly with the numbers referenced to the assembly drawing No.
NMI-004-000.

A complete set of engineering drawings has been submitted by South Creek
Industries upon completion of their srea of responsibility. This encompassed
the retrofit of the Jones and Lemson lathe, the modificetion end fabrication
of the chip handling system end the design and construction of the chip
compactor. The listing is contained in Figure Ba.

At the dgirection of the ARDC these drawings will not be an integral part of
this report. The drawings have been delivered to and wiil be retainea by the
ARDC Project engineer.

MACHINING EVALUATION

TASK C  PREMACHINING

The objective of this task was to evaluste, under production conditions,
stmosphere assisted machining of depleted uranium (DU) penetrators. In
performing this evaluation, using s & baseline the current M833 conventional
machining method, compsrisons were made using & variety of cvcle times (speeds
and feeds), end associsted tool life, as & function of these variations.
Particular sttention was directed to the quality of the finished product and
to quality and configuration of the chips with regerd to the recycle




operstion. Experiments were conducted with different types of tool inserts
for the purpose of getting the chips in a more broken condition thereby
allowing @ free flow out of the inner chamber. Machining in an inert
atmosphere is a totally different situation from operating in the conventional
manner with coolant being flooded onto the part and chips in a much more open
condition. It was necessary to find inserts which would give the best
possible chip configuration. Development of & long stringy chip would be
unacceptable because of the tight confines of the inner chamber. Such long
chips tend to deflect off the top of the chamber snd onto the workpiece and
wrap themselves tightly around it thereby interferring with tha steadyrests.
Because of this situstion, it was most important to find those inserts which
would produce the best chip for our particular conditions. At the same time,.
it waes necessary to consider the effect on cycle time i.e., feeds, speed,
depth of cut. Tool life and surface finish also became major concerns as they
impacted on cost end the specifications for the product. In the finish
machining operation, experiments were conducted changing the sequence of the
steps involved to determine what effect this might have in obtaining the best
overall performance. Table 2 is a complete listing of the work conducted in
this premachining phase of the program.

It was determined that operating at a slower spindle speed, (1000-1300)
revolutions per minute (RPM), tool life increased with less heat being
generated, and the chips were physically smaller. However, these benefits
were offset by the fact that the radius on the nose of the tool was small and
produced a poor surface finish,

Changing to insert R-B Tool Co. No. PD2-8304-P25N with a tool nose radius
(TNR) of 0.037 inches, there was an improvement in surface quality with no
adaverse effect on the chips. Twenty-one bars were machined with this insert
at various speeds and feeds. The first fourteen test pieces were done in two
passes and the remainder with a single psss. The best results were obtained
with a speed of 900 RPM end a feed of 0.009 inch per revolution (IPR). The
chips were small and controllable to the point that they did not wrap around
the work piece or interfere with the steadyrests.

Seventy bars were machined with a square tool from the Excello Co. which had a
45 degree rake angle (Part No. SN433-4520~E6). The speed for this series was
900 RPM with a feed rate of 0.009 inch IPR. Chatter problems, for the most
part were eliminated. With these conditions the chips were at times stringy,
although controllabie.

The tooling was then changed back to the R-B Tool Co. insert No. PD2-8308 for
comparison runs. The remaining bars were processed with the same results as
those obtained with the Excello Co. tool. Therefore, the conclusion was that
either of these tools would be suiteble for the premachining operation under
the given conditions. The operation was approximately 45 percent faster than
normally achievable in the conventional production operation. The floor to
floor cycle time can be improved with equipment specifically designed for this
spplication to eliminate the problems associated with chip handling.

At the start of the program, the depth of cut was set at 0.030 inch for each
pass of the premachining operation., Two passes were required to bring tne
blank to its final dimension.
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1st pass (blank diameter 1.240 inches) to 1.180 inches diameter
2nd pass (blank diameter 1.180 inches) to 1.125 inches diameter

Among some of the final testing performed was the mechining of the blank from
the originel dismeter of 1.240 inches directly to the final dismeter of 1.125
inches in a single pass.

During our machining trisls, a change of procedure was instituted in the M833
program resulting in a new final diameter of 1.100 inches for the premachined
blank. Consequently it was necessary to complete one extra pass to bring the
previously machined blanks to this final dimension. Current production
processing is being carried out on the Mori Seike lathes using the square tool
and turning from the blank diameter of 1.240 inches to its new final diameter
of 1.100 inches in a single pass.

TASK C  FINAL MACHINING

The current conventional production machining program and tooling, except for
the rough nose insert and the 0.D. turning insert were used as the starting
conditions for this portion of the operstion., The 0.D. insert was changed to
8 Sandvik Co. No. PFRBU3 from the standard round tool because of the results
experienced in the premachining operation. The rough rear 0.D. of the blank
was also turned with this same tool. For the following operations: a rough
nose 0.D.; rough front 0.D.; end rough major 0.D., the insert was changed to
the Excello Co. No SN433-4520, once again due to the results obtained with
that particular tool in the premachining operation. Although we did have
excellent results with the R-B Tool Co. No. PD2-B308 and the Excello Co. No.
SN433-4520, it was decided to change to our stock CB0O47 tool because of its
availability snd the fact that it worked as well as the others.

As in the premachining operation, various speeds end feeds were tried to
obtain the optimum results for each tool. This information is detailed in
Table 3. The sequence of the machining operation was altered and in some
cases the required number of passes were changed for the best results
possible., Different insert configurations were tried on the buttress tool,
this section being the most troublesome in regard to controlling chip
configuration, i.e., long stringy chips.

Several inserts were modified with various amounts of rake sangle on the side
of the obuttress form in an sattempt to better the cutting and chip
configuration. This did not improve the condition and actuaily tended to
break the inserts more frequently, We had one of the top notch old style
buttress tools modified with an EDM'd hole near the tip of the cutting edge
and directed the gas flow through it to the workpiece. With this it was hoped
we could cool the chip enough to make it break as well as to force the qas
through it to direct the chip away from the work area, We had some
encouraging results that would merit further study in the future. While this
trisl was promising, it was not possible to carry through with the approach on
8ll the tools involved. Piping the gas through the turret head in such a
manner, would require a very complex system since the head must rotste as well
ss traverse the length of the piece. Keeping the insert cool is a big factor
in extending the li1fe of the tool.
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Trisls were also made attaching tubing directly to the tool holder to keep a
constant flow of gas to the tip. This was to help direct the chip as well as
to cool the workpiece and the insert. Because of the machine constraints, we
were only able to do this for the buttress tool. This spproach did not give
the same results as inserts which were EDM'd because the velocity needed was
not sttasinable with this arrangement, but some benefit was still observed.
Again, this method justifies some further examination.

from the beginning of the finish machining experiments, there were little or
no problems with the rough 4 pitch, undercut, threading or cut-off inserts,
even with increases in the feed and/or speeds. The use of the square tool for
0.D. turning proved to give the best results for inert gas machining.

wWhile most of the machining problems occurred with the buttress insert,
changing the sequence to rough front and rear B pitch. finish front and rear 8
pitch and then finish turn 4 pitch using three separate inserts proved to
eliminate most all of the problems. The actual machining portion of the cycle
was comparable to current conventional production methods using liquid
coolants. However, the awkwardness of handling the bars as well as having to
clear the chips and push them down the chute extended the floor to floor cycle
time considerably. This was the most common and most difficult problem in the
operation. This condition was further exacerbated by the steadyrests and the
tight confines of the inner chamber.

Under the normal conditions of conventional liquid coolant machining, the
chips from the buttress forming tool either flow down or are washed down to
the chip conveyor with little difficulty. With the conditions under which we
opersted our inert gas machining the chips hit the top of the small inner
enclosure and were promptly directed back to the workpiece and proceeded to
wrap themselves around the bar. This occurrence slowed the operstion con-
siderably because it was necessary to cleasr the chips completely before
continuing. This was sometimes done with great difficulty becsuse of the
tightness of the wrapping and the awkwardness in reaching them from the out-
side of the larger enclosure by means of the long rubber gloves. This problem
of the chip wrapping also caused difficulty with the inserts sometimes re-
sulting 1n premature breakage. Necessary tool changes by means of the rubber
gloves were on occasion as difficult to sccomplish as clesring the chips.

TASK D PRODUCTION PROVEOUT

Having completed the machining trials es previously described, the data was
tabulated and submitted to the PCO with 8 request for spproval to proceed to
the production proveout section as called for under Task D.

While this portion of the progrem deals specifically with the production
parameters of machining under e protective atmosphere as established under
Task C, there is, as well, a secondary function of supplying chips from both
the premachining and final machining operations to be used in Task E for
remelt evaluation.

As directed in the contract, a series of 6 standard production melts, contain-
ing no remelted chip material, were processed in accordance with the speci-
fications for M833 penetrators. Two of the melts were rejected, one for
chemistry end the second to heat treating failure. The standard process




sheets covering the entire procedure from the initisl reduction of the DU
derby through to the finished operation ere illustrated in Figures 12, 13, 14
end 15. The finished penetrators produced from these meits by stmosphere
sssisted machining will be entered into the production stockpile. As was
noted, the machine chips genersteo during the operstion were collected under
protective cover to be processed for remelt.

The M833 blanks were prepsred in the normal menner in thet they were faced and
center drilled on the Jones and Lamson (J&L) end working maching. These
blanks were then delivered to the specially prepared J&L lathe with all
further work carried out under an argon atmosphere.

The protective atmosphere was provided by both nitrogen and srqgon gas. The
argon was used in the small inner machining chamber and the conveyor system.
Argon was originally piped into the outer chamber as well, but due to the high
leak rate of this section, the low oxygen levels that were desired could not
be maintained. Therefore, nitrogen was used to replace the argon in the large
outer chamber, where there was no machining performed,nas such, an occesional
chip escaping from the inner chamber would ignite if there was no protective
stmosphere present. Those chips that did escape were not collected for use in
the remelt program. In the early stages of the machining trials, nitrogen weas
used while we were setting up the program becsuse of its lower cost in
relation to argon. Chip samples were sent for analysis of the nitrogen
levels. The resulting figures of 5 - 6 ppm were less than some of the values
obtained from chips generated by conventional production machining methods.

The proveout machining phase began with the four melt lots. Neasr the
completion of the second lot, an accident occured which resulted in a small
fire in the machine. The accident was caused when & new operator was in the
process of setting up with new tooling. The main chamber door was open to the
stmosphere snd he inadvertantly put & uranium slug into the chuck rather than
@ steel slug for indicating. The tool ceused 8 spark which ignited some small
chips within the enclosure. The result was the burning of some hydraulic
lines which released oil down into the chip conveyor. Water was used to cool
the fire which also draineag into the conveyor.

Because of the configurstion of the conveyor to the main system, it would not
be possible to completely remove the 0il and water without a mejor dismantling
of the unit. In an agreement with the ARCD, it was decided that, since chips
generated under these conditions would be contaminated, the machining under
atmosphere would be discontinued.

Having accumulated sufficient chip material to make the required melt from
those penetrators which were processed, the disruption did not impact on the
experiment. The remaining two lots were completed by the conventional
machining method to complete the quantity of penetrators of the program.

Gas usage for the system was measured st the rate of 400 cubic feet per hour
of nitrogen which was fed to the outer chamber and 460 cubic feet per hour of
argon which was piped to the inner chamber with an auxilary line feeding to
the lower portion of the conveyor. These rates are for a single shift
operation which includes the productive machining time as well as the down
time requirea for chip clearing and tool replacement. Again, these
interruptions had a marked effect on the processing rate.
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The sctusl yields of the production effort were not impressive. The first lot
L yielded only 35 percent acceptable penetrators. This was due mainly to the
: inability to prevent chips from wrapping around the bar es discussed in Task
C. The yield on the second lot wes much improved, 76 percent, but the
processing was slower due to the meny times the machine was stopped, either
to clear chips or change inserts. Penetrastors were able to be reworkedto
increase the yield.

The start up of the production proveout machining operation is the same point
st which the chip compsctor came into use. Becasuse of the weight of chips
that are required from the premechining operation for a meit, it was necessary
to process two melt lots st a time. Each melt lot yields approximately 100
penetrator blanks.

’ It is not deemed practical to attempt to equate gas usage to 8 per penetrator
rate for this experiment. It was necessary to maintain a constant gas flow to
hold the required levels. The slow rate of machining when added to the other
functions of the operator such as changing the gas tanks and inspecting the

t individual perts therefore resulted in 8 much higher gas usage.

When the operstion was first underway, the chips were carried under an argon
atmosphere by the conveyor to the discharge chute and into the compactor. The
pecking die was charged and pressure applied to make the briquette. This
first briquette was formed and ejected properly; however, the chips for the
second compact galled on the side wall and the piston rendering the unit
useless.

An slternate procedure to replace the disabled compactor was approved by ARDC
80 8s not to delay the program. Further discussion of the problem is
sddressed under Task E.

TASK € EVALUATION OF BRIGHT CHIPS

The DU chips generated in Task D, the production proveout section of this
program, were the source material for the recovery melt.

Based on calculations and our own experience, the amount of recoverable chips
produced in the premachining and final machining operations of the M833
penetrators represents approximstely 20 percent of the melt. Of this amount,
30 percent is generated in the first stage and 70 percent in the finsl stage.
Using these values as 8 guide, it was decided that this same relationship
would be used when addressing chip recovery melts. In this task, the melt
consisted of DU derby produced by Carolina Metals. Inc., a division of Nuclear
Metals, Inc., titanium sponge for alloying and the briquetted chips.

As was briefly mentioned in Task D, a problem developed with the compacting
unit designed and built by South Creek Industries. Chips generated in the
first operation, namely the premachining step, were carried by the conveyor,
under stmosphere, to the discharge chute and then to the compactor without
problem. The packing die was loaded and 4500 PSI pressure applied to the
ram. After reaching the full pressure and holding, it was released allowing
the base block to slide out sideways out of position permitting the second
stroke of the ram to eject the compscted chips. The first briquette was of
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good quality with cleen edges and had a calculated packing density of 35
percent. The compactor was then repositioned for a second charge. The chips
were losded as in the first instance snd pressure applied. Observing the
operation, it aeppeared thst the ram did not have the sasme forward travel
slthough the pressure gege indicsted that compaction had taken place. Upon
disessembly of the forward section, we found the chips had Qgalled both the
inner liner of the die and the surface of the ram to a degree where retraction
of the ram wes extremely difficult. Therefore, it was no longer possible to
consider @& compecting operation that could be sccomplished under an inert
atmosphere within the scope of the contract.

ARDC was advised of the situation with a request that the compacting be
carried out using the method developed by Nucelar Metals, Inc. on a previous
chip recycle program. This method involves the use of a DU lined packing die
4.2 inches in dismeter with a hardened ram having a DU fece. The compacting
wes to be done on a 200 ton verticsl hydrsulic press. Chips are manually
losded into the die and the charge then preloaded to 50 tons. This step is
repested 3 or 4 times and from experience we know that when full pressure 1s
spplied 8 briquette of spproximstely 6 pounds having a density of 35 to 40
percent will be produced. Immediately after compacting the chips were storec
under vecuum to prevent deteriorstion snd for sefety reasons according to
Nuclear Metals' rules for handling chips.

This change in procedure was spproved by the ARDC Project Engineer. The
collection barrel was reinstalied at the discharge chute of the conveyor and
the chips were thereby contained under sn argon atmosphere. It should be
noted that the only time either the chips or the finished briquettes were
exposed to air was during the compacting operation and the transfer and
loading of the furnace. This did not generally exceed one hour at the end of
the workdsy.

To accumulate the required amount of chip material for the melt, it was
necessary to process two lots of penetrator blanks. Upon the collection and
briquetting of chips from the two steps of the machining operations, the melt
charge was assembled according to the following formular.

Melt No. M-42 (UX-18089) consisted of the following:

DU Derby 1379.0 pounds = 79.39%
Premachine chips 103.4 pounos = 5.95%
Final Machine chips 244,2 pounds = 14.06%
Titanium sponge 10.5 pounds = 0.60%

Total 1737.1 pounds =  100.00%

Melting of the charge was cerried out in a graphite crucible prepared as
follows: The crucible was first cleaned with a mechanical rotary brush and
vecuumed. It was then preheated and given two sprasy coats of zirconium oxide
snd dried under vacuum.

The melt itself is physically assembled by first placing a single briquette
over the knockout plug of the crucible and the titanium sponge 1s poured into
the bottom. The DU derby is then lowered onto the titamium. Fanally, the
chip briquettes are hand packed on top of the derby. In some previous chip
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melts made at Nuclesr Metals, @ graphite plunger was used for mechanical

egitation and to force the lower density briquettes below the liquid level.

This ssme procedure was used for this recovery melt. The vacuum system 1s 1 g
then pumped down and, when st the proper level, the power is applied. When

the melting of the derby takes place, the mechanical agitetion is started and

the briquettes sre then sbsorbed into the melt. Total time required for

melting is spproximately 3.5 hours. The charge is bottom poured by means of 8

knockout plug end results in 9 billets being cast. After cooling end removal

from the furnace. the total weight of the castings was 1704 pounds resulting 4
in a melt yield of 98.1 percent. This is equal to the yields of standard :
production melts in which no chip material is used.

This technique of assembly and melting is identicel to that used in the chip
recycle study conducted under Contract DAAK10-83-C-0263. In thet program it
was necessary to prepare the chip material by 8 combination of washing,
screening and acid pickling prior to compacting. The yields achieved were 1n
the renge of 94 percent. Chip preparation under this program represented a
considerable effort, none of which is required when the machining of the DU is
carried out under 8 protective atmosphere.

The billets cast from this recycle melt were processed according to the -
standard M833 procedures. This involves extrusion, sampling for chemistry.
heat treating, hardness and premachining operations in preparation for
ultresonic inspection. Refer to figures 13, 14 and 15 numbers 9 through 30
inclusive.
’ One of the more prevalent concerns of recycle melts has been the uniformity of g
chemistry over the length of the extruded rods. The following Table No.3
gives a clear indication of the narrow range of variation.
Chemistry specifications for the MB33 program are as follows: Carbon 80 ppm;
iron 50 ppm; nickel 50 ppm; copper ppm and silicon 150 ppm.
A single full length extruded rod was sampled with the results as follows: P
N Carbon ppm Iron ppm Nickel ppm Copper ppm Silicon 'ﬁ
Front 30 21 7 5 52 .
Rear 40 20 7 2 49 _
3
Each step of the operstion was monitored by the quality control department for o
sssurance that this chip recycle melt conformed in every respect to the %
"standard" melt so there would be no reservations as to using this procedure e
in a production mode. .
> -

The extruded rods were heat treated to develop the degree of hardness and

other properties of the M833 specification. Reference figures 13, 14 and 15 i

numbers 16 to 30 inclusive. Following this step, the blank is premachined g

prior to being tested untrasonically which examines the material for voids and

inciusions. Every blank of this melt was examined in the manual mode which

’ engbled the operator toc make a visual comparison of the results against what
has been established as acceptable stanoards.

} - 13 - '.‘.,
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In the case of this particular melt, there was one reject piece. This was
caused by a machining defect end not by a void or inclusion. Therefore, the
results established that in this case the quelity as indicated by ultrasonic
inspection were equal to or slightly better than standard production
material. While this data base is insufficient to evaluate projected yields of
melts incorporating "bright chips", we can conclude that chips produced by
atmosphere assisted machining ere suitable for remelting at levels up to 20
percent of the total melt.

CONCLUSIONS
MACHINING

The experimental work conducted under this program has demonstrated that it is
possible to machine depleted urenium penetrstors of complex configurations in
en inert gas atmosphere. Tool life, machine speeds and feeds were equal to
and, in some instances, better than the values normally obtained with a
conventional, liquid cooled CNC operation, with the added benefit of quality
chip recovery.

There were, however, conditions with the conversion of the lathe which
impacted greatly on parts handling and chip flow. The end result was an
output of about 50 percent of the normal rate of a conventional production
machine. Upon the completion of the machining operations, the lathe was
cleared of all modifications to return it to its original production status.
At this point, it was discovered that there were many more areas from which
the gas could leak than had been determined when the enclosure was farst
designed. These escape routes would, of course, impact on the gas usage
figures which were measured during the operation. It is felt that the cost to
modify this type of existing machine, or eny other like it, would be of
monumental proportion and that the resuit would be better and ultimately less
expensive to specifically design and build a machine for this particular
application. Several machines have been built recently by the Pneumo
Precision Co. of Keene, New Hampshire for the two DOE facilities located at
Rocky Flsts, CO end Oak Ridge, TN for the very purpose of machining in a
controllea atmosphere of nitrogen.

A new machine designed for operation with an inert gas atmosphere would, 1n
the process, have to address the problems of the free flow of chips as against
the encumbrance of the small enclosure under which we operated. Air tightness
of the chamber in such a new design would also permit the re-examination of
the possibility of purification and recycle of the inert gas. The original
examination of this possibility determined that it was not economically
feasible for such 8 small operation as would be carried out under this
program., Should a more intense effort be proposed, it could again be given
serious consideration.

With the incorporstion of technical advances such as automatic tool changers,
tool probes to assure that the tool which has been changed is properiy
positioned to produce a part within specification and automatic loading and
unloading capability, the machining operation would be greatly enhanced 1n
improving floor to floor cycle time. As we have determined, high pressure gas
when directed at the point of the tool assists in bresking the chip and
clearing the work ares.
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Having these advantages within the machining enclosure would permit multiple
shift usage before requiring opening of the chamber to the atmosphere. All of
the foregoing obviously would impact on the economics of conversion to an
inert ges machining procedure.

EVALUATION OF BRIGHT CHIPS

While we experienced difficulty with the automatic compacting of the chips
while under & protective atmosphere, closer examination of the problem sug-
gests the basic idea to have merit and that it was a tooling problem which was
mostly st fault. The failure to at least have a hardened die liner and ram
allowed the chips to freely cut into the material and seize. It was suggested
early in the program that consideration be given to a DU lined die and ram
face based on our own experience with chip packing. While the DU liner will
prevent any iron pick up on the chips, it would not necessarily prevent
seizing. However, eny scoring of the liner or the ram face would not present
any major problems.

Because we were faced with this problem, the ARDC did approve our packing of
chips in air, to be followed by storage of the briquettes under vacuum to
maintain the oversll integrity of the material. The high recovery yield of
the melt indicates that a short time exposure to atmosphere does not appear to
have a detrimental effect on the raw chips. A closer examination of the
method of chip compaction should be considered before any judgement is made
requiring a packing station at each production machine.

The quelity of the chips with which we worked was good. We encountered no
problems with what has been termed as fines and generally considered as
unusable.

The melting of the chip compacts in the manner described in the test was
completely successful. This can be attested to not only from the high yield
of the melt, but also by the results of the ultrasonic testing indicating an
sbsence of voids and inclusions. We therefore suggest that machining of DU
under an 1nert atmosphere did produce ship material of such quality as to be
recoverable within the scope and experiments carried out under this program.
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TABLE 1

SCI Atmosphere and NMI Production Machining Conditions

Surface Depth Metal
RPM Speed Feed of Cut | Removal
Feet/Minute |Inches/Revolution| Inches | Lbs/Hour
SCI Low Speed 276 79 0.0155 0.050 3
SCI High Speed 1000 287 0.010 0.050 71
SCI Most Frequent | 610 176 0.0155 0.030 41
NM] Premachine
Pass 1 850 260 0.017 0.030 64
NMI Premachine
Pass 2 950 280 0.016 0.022 46
NMI Roughing
Lathe 1250 350 0.012 0.020 40
NMI Finishing
J& 1750 450 0.010 0.010 35
NM] Buttress
Grooves J&L 1200 Varies 0.004 - -
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Table 4. Rod Analysis

Roo No. Titanium w/o0 Carbon ppm

Front Resr Front Rear
1 0.72 0.70 30 40
2 0.7 0.7 30 50
3 0.70 0.7M 50 60
4 0.7 0.1 60 S0
5 0.7 0.72 50 40
6 0.7 0.7 40 60
7 0.70 0.72 40 60
8 0.70 0.73 40 60
9 0.7 0.74 40 50
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Figure 1.

Figure 2.

Rubber Flap Arrangement

Headstock Enclosure
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Figure 3. Tailstock Enclosure

Figure 4. Front Enclosure




Figure 5. Console and Work Area

Figure 6. Conveyor Cover
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Figure 8. Cutaway Section of Jones & Lamson Lathe
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Drawing No. Assembly Details
NMI - 000-000 Top Assembly .
- 001-000 Front Enclosure 2,3,4,5
: ”~
- ooz-om I'mr Enclosure - 001, 2, 3, a’ 5, 6, 7, a, p
9, 10, 12, 13, 14, 15, 16 t
- 003-000 Chip Conveyor - 001, 5, 6, 7 N
- 004-000 Chip Conveyor - 001, 2, 3, 4, 5, 6, 7, 8, ‘
9, 10, 1
- 005 Right Side Enclosure - 001, 2, 3, &4, 5, 6
- 006 Gas Flow Schematic
- 007 Left Side Enclosure - 001, 2, 3
Total 52 Drawings ‘
.
Figure Ba. Drawings delivered to NMI by South Creek Ind. Inc. :
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Figure 9. Chip Compactor .
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Figure 11. Compactor Parts List
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FIGURE 12. PROCESS FLOW CHART FOR DERBY MANUFACTURE




STANDARD PROCESS
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FIGURE 13.
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FABRICATION OF SLUGS AT NMI
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STANDARD PROCESS

FIGURE 14.
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STANDARD PROCESS

28 PREMACNINE
| - curs

20 DEGREASE
N

0 1002 ULTRASONIC PARTS TO

TEST RECYCLE

R

1 100% SURFACE PARTS TO

: NARDNESS TEST RECYCLE
1

82| rFuusH MACHINE 1) REWORK
! PARTS TO

4 INSPECTION RECYCLE
i cHIPS

88| CUSTOMER INSPECT.
|

(T DEGREASE
1

'Y 4 PACK & SHIP

FIGURE 15. FABRICATION OF PENETRATORS AT NMI
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APPEDIX A
HEALTH AD SAFETY

This qualitative safety evalustion report hes been prepared to satisfy e
Contrect Date Requirement, for Contrasct No. DAAK10-84-C-0214.

The safety evaluastion conducted ss s part of this effort wes administered
through the Nuclear Metsls, Inc. (NMI) Health and Radistion Safety Program.
The specific operstion/operator(s) was issued e Rediologicel Work Permit
(RWP), in order to identify the actusl end potential redistion hazerds
associated with the perticuler operetion end the preceutionary measures
(including the use of protective equipment) to reduce the potentisl for
exposure to these hazerds.

The sefety related fecilities end equipment instelled to reduce the potential
and severity of eny hazards occurring from this effort included:

o A fully enclosed lathe which was continually flushed with an inert
ges to reduce the oxidetion of the depleted uranium chips and st the
same time decreasing the likelihood of e metal fire.

o Continuous sir sampling in the erea of this lsthe, to detect and
quantify airborne concentretions of depleted uranium.

An esdditionesl precaution tasken to reduce the likelihood of fires resulting
from the sutoignition of depleted uranium metal turnings was their removal,
under atmosphere, at the end of the workdsy to s remote briquetting stetion.
Following the compaction, which wes cerried out in air, the briquettes were
trensferred to our foundry area and stored under vecuum. This type of
operation was continued on & daily basis until such times as sufficient
material wes accumulated for a melt.

In review of the safety relested messurements taken during this effort, the
data indicates that this method of production does not result in a substantial
increase in the airborne concentrations of depleted uranium in the machining
srea, and thst the operators' external exposure was maintained well within

established guidelines. The results of continuous air sampling conducted in
the machining aree and messurements of the machine operators' external
exposure were less than 10 percent of our license limit for airborne
concentrations and external exposures, respectively.

All procedures, and health and sefety related evaluations were conducted in
compliance with our Source Material License SMB-179 issued by the U.S. Nuclear
Regulatory Commission, dated 23 May 1984.




APPENDIX B
ECONOMIC ANALYSIS

The concept of machining of DU within an atmosphere, specificelly argon, has
many economic merits to support its implementetion; the foremost being the
higher efficiency of raw materisl utilizetion. The cost sevings realized as o
result of recycling machined chips versus the cost of collection, processing,
and subsequent burial of this materisl is significent. Current cost date
suggest that the upward trend of burial end transportation costs will
continue. The efforts to improve methods of collection and processing of
waste material has reached & level of near saturation. The study conducted by
NMI in conjunction with army personnel under this contract is a positive
demonstration of mutual desires to curb cost and increase material utilization
efficiency.

The conclusion reached as a result of this study with respect to retrofitting
existing fecilities, Jones end Lemson lathes, is that it is not technically
feasible nor financially prudent to do so. The basic technology of mechining
within a controlled eatmosphere is currently svailable. Our Menufacturing
Engineer sasigned to this MM&T has had several conversations with an area
machine manufacturer who hes built several mechines specifically designed to
machine within a nitrogen stmosphere. The specifics of the machine are not
available; however, the manufacturer, Pneuom Precision, Inc. of New Hampshire,
suggests that a CNC lathe to machine long rod penetrators equipped with all
necessary tooling, probes, tool chengers, end designed to machine in an inert
atmosphere would cost spproximetely $360,000 eech. In eddition, an external
multi-stetion gas recycling system would be required. Koch, Inc., & manu-
facturer of this type of system, suggests that & system to handle multi-
station recycling of gas would cost approximately $250,000 end would recycle
90% of the inert gas.

The compact and briquetting of machined chips would utilize the existing
machine chip conveyor system to transfer the chips to & central processing
point. The production process and facility layout to support the recovery of
finished machine chips would consist of four CNC lathes, a chip conveyor
system, and a chip compactor of each for two finished machine lines. The
implementation of machining of DU under argon with its inherent maximization
of material wutilizetion would necessitate that 1,800 pounds of chips be
briquetted per production day. The facilitization of the second machine line
is not seen as an overkill, rather as a necessity to maintain production
flow. The compector tooling would require a DU liner to offset the potential
of contamination. Additionally, & magnetic separator would be required to
assure the magnetic metals are not introduced. The cost of the chip
compsctor, screen, magnetic separator, and one set of tooling should be
spproximately $75,000 each.

Lessons learned in the Vacuum Induction Remelt MM&T and the chip melts made on
this progrem point out the necessity of agitation or stirring of chips during
the melt. We have experimented with mechanical stirring with a modified
graphite "breakoffski rod" sheped with fins which acts es a paddle allowing
the molten metal to be stirred. While this form of egitation seemed to be
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ECONOMIC ANALYSIS (Continued)

offective, it may not be conducive to a volume production process. We have
been eadvised that electromegnetic egitetion of the melt is highly effective
end efficient resulting in & much greater level of intermix of the charge.
The physical agitation is a result of the direct influence of induced
frequency changes sterting with 3,000 cycles then reducting to 300 cycles.
The power sources required to affect this are commercially sveilable and cost
epproximately $30,000 each. All ten of the 14 inch melt furnaces owned by NMI
would be modified by replecing the existing power sources with the multi-
frequency power sources.

The cost savings enticipated as a result of recycling machined chip would be
$9.577 per core besed on a mobilizetion rate of 10,000 cores per month. This
cost savings would not be in effect until all process changes are accepted and
the new equipment is on line and fully operational.

Labor : $10,080
Material 68,564
opc 53,063
Applicable Overheads «15,776
Savings st Cost Line 395,7707
Monthly Production 10,000
Equipment/Activity Unit Cost Total Cost
Eight (8) CNC Lathes $360,000 $2,880,000
One (1) Gas Recycle 250,000 250,000
System
TJen (10) Electromagnetic 30,000 300,000
Agitators (Melt Cast)
Two Chip Compactors 75,000 150,000
w/Tooling s==eoccaae-
Equipment Cost $3,580,000
Instellation Cost 50% of Equipment 1,790,000
Total Cost $5,370,000
Sevings Per Core $9.577
Breek Even Point in Cores Produced 560,718

Break Even Point in MOB Rete Months 56.1

el

p’




DISTRIBUTION LIST

Commander
Armament Research and Development Center
U.S. Army Armament, Munitions and Chemical Command
ATTN: SMCAR-MSI (5)
SMCAR-CCH-P (10)
Dover, NJ 07801-5001

Commender
U.S. Army Armament, Munitions and Chemical Command
ATIN: AMSMC-QAT-A
AMSMC-QAT-1
Dover, NJ 07801-5001

Administrator

Defense Technical Information Center
ATIN: Accessions Division (12)
Cameron Station

Alexandria, VA 22304-6145

Director

U.S. Ammy Meterial Systems Analysis Activity
ATTN: AMXSY-MP

Aberdeen Proving Ground, MD 21005-5066

Commander

Chemical Research and Development Center

U.S. Army Armament, Munitions and Chemical Command
ATTN: SMCCR-SPS-IL

Aberdeen Proving Ground, MD 21010-5423

Commander

Chemical Research and Development Center

U.S. Army Armament, Munitions and Chemical Command
ATTN: SMCCR-RSP-A

Aberdeen Proving Ground, MD 21010-5423

Director

Bellistic Research Laboratory

ATTN: AMXBR-0D-ST

Aberdeen Proving Ground, MD 21005-5066

Chief

Benet Weapons Laboratory, CCAC

Armament Research and Development Center

U.S. Army Armement, Munitions end Chemical Command
ATIN: SMCAR-CCB-TL

Watervliet, NY 12189-5000

Commender

U.S. Army Armement, Munitions and Chemicel Command
ATIN: SMCAR-ESP-L

Rock Island, IL 61299-6000

- 42 -




DISTRIBUTION LIST (continued)

Director

U.S. Army TRADOC Systems Analysis Activity
ATTN: ATAA-SL

White Sends Missile Range, NM 88002

Director

Industrial Base Engineering Activity
ATIN: AMXIB-MT (2)

Rock Islend, IL 61299-7260

Commander
Production Base
Modernization Agency
ATIN: AMSMC-PB
Dover, NJ 07801-5001

- 43 -




