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MACHINING OF URANIUM AND URANIUM ALLOYS 

T. 0. Morris 

Uranium and uranium alloys can be readily machined by conventional 
methods in the standard machine shop when proper safety and operating 
techniques are used. Material properties that affect machining 
processes and recommended machining parameters are discussed. Safety 
procedures and precautions necessary in machining uranium and uranium 
alloys are also covered. 
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Tom is with the Machining Development Group at the Oak Ridge Y-12 Plant. 
He got his education at Georgia Tech in 1961 and 1966. He worked with 
Lockheed-Georgia, Alcoa, and has been been with Union Carbide since 
1968. He is a Development Engineer in the Fabrication Systems 
Development Department with specific experience in contour grinding, 
machinability studies, and establishment of data bases for machining 
operations. 

Machining of Uranium and Uranium Alloys 
„ • T.v*iO. Morris 
Union, Carbide Corporation, Nuclear Division 

,„/ * Oak Ridge Y-12 Plant* 
,}; *!,,. Oak Ridge, Tennessee 

The very essence of what I'd like to say this morning is that uranium and 
uranium alloys are machinable by most conventional and many of the 
nonconventional machine processes as shown in Figure 1. And within 
,/l imitations, they are quite machinable by turning operations on a lathe, 
by milling, you can drill them, you can tap threads in them, and you can 
even grind them under certain circumstances; and by the electrochemical 
and electrical discharge machining methods. I don't really have a 
machinability parameter as such for uranium or the alloys, but"as far as 
relating it to- a metal or material that you are more familiar with, it 
probably machines as close to the .stainless steels as anything. As with 
any machining operation, you can have certain operational capability 
constraints and, in the case of uranium, material properties and, in some 
instances, safety precautions will cause you some problems. 

Figure 2 lists the different ways material properties can constrain the 
machining operations. I've already alluded to this in that the material 
can be very abrasive, primarily in the formation of carbides and oxides. 
In depleted uranium this would be in the form of uranium carbide, and 
with the alloy that Nick Jessen was talking about, uranium-niobium, the 
problem would be in the form of niobium carbide. 

Figure 3 shows depleted uranium with various percentages of carbon, 
starting all the way down at 50 ppm up through 125, 225, and 325, and all 
the way up to 525 ppm. Now the.thing that is interesting here is that as 
the carbon increases the little inclusions increase in density. They are 
more numerous, but they stay about the same size up to about 425 ppm. 
And then all at once somewhere above 425 you get a drastic increase in 
the size of the inclusion. They are roughly five to six times the size 
in the other photomicrographs. I think it's somewhere around 0.001-0.002 
in. particle size. The particle size in the lower carbon contents is 
probably 200 millionths of an inch. In fact, I think that's about where 
we are trying to limit our inclusion 

*0perated for the Department of Energy by Union Carbide Corporation, 
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size.., So you can see that you can accept a l i t t l e more carbon in uranium 
than you can in the a l loy . Nick was ta lk ing about 150-200 ppm as being 
about as.much as you want to l i ve with in the binary mix, but here we 
don't see a great deal of difference in machinabil ity up through maybe 
400 parts per mi l l ion of carbon. Now the difference that you do see here-
i s that th is large inclusion size w i l l give you about twice the tool weaW' 
as w i l l the smaller ones, even though they are much more numerous. 
Apparently i t is the size of the inclusion that determines the rate of 

In addition to being very abrasive as indicated in Figure 2, the material 
can work harden s ign i f i can t l y . Machining operations can cause you 
problems in several d i f ferent areas. In the single-point tool ing or 
m i l l i ng operations, the machine surface is work hardened somewhat. And' 
on subsequent machining operations when you come back to take more 
materia! o f f thesur face, normally you have to get your tool below that 
work-hardened layer i f you are going to hold the tool wear down to the 
lower levels. In operations l i ke tapping, we found that machine tapping 
is much more ef fect ive than hand tapping. As you know, with a hand tap 
the.machinist stands there and he turns the.tap half a revolut ion. He 
backs up and he goes again. There is quite a b i t of straining or work 
hardening down in the work mater ial . I don't know i f i t ' s s t ra in rate 
ef fect on the work hardening, but i f you keep that tap moving and dr ive ; \ <# 
i t on through a l l the way without ever stopping, your tool l i f e goes up " i 
20-25 times. « 0 w 

Figure 4 is a>copy of a photomicrograph of a chip being formed. This is 
a stop-action photograph. I f you can, visual ize the basic work material 
t ha t ' s down here. Or ig ina l ly , the tool was up in th is area and there is 
the chip being formed. This is an orthogonal cutt ing operation. Just 
two dimensions; no flow into or out of the screen. I don't know i f you 
can see i t very well here, but there are some stra in l ines v i s i b l e . 
There is work hardening in th is machined surface. You can see them 
(s t ra in lines) a l i t t l e better in the previously machined surface over 
there. Now they are far outweighed by what you see in the formation of 
the chip here. But, what was actual ly going on was that the tool was no 
longer there. The work material was coming into the tool and was coming o f f 
as a chip, flowing up the rake face of the t o o l . You can see there is no 
real st ra in there. And what's happening—that chip when i t was r ight 
down here - or that segment of chip - was, in e f fec t , welded to the tool 
and then out in th is area, you get a tremendous amount of upsett ing. 
That weld broke and the;chip s l i d on up the tool face. ^You go through 
th is cycle over and over again, and, of course, that doe's a lo t to vary 
your forces. I f you're going to t r y to machine a good surface when you ' 
get into th is kind of condit ion, you better have a s t i f f machine or you 
are going to get a lo t of l i t t l e divots gouged out of the face of the 
workpiece. 

Now work hardening also contributes to a condition known as a bu i l t up 
edge (BUE). And what a BUE actual ly i s — i t ' s that welding again. I t ' s 
occurring r igh t at the tool as shown in Figure 5. This is an 
i l l u s t r a t i o n of the photomicrograph of a chip being formed£(Figure 4 ) . 



that you jus t saw. Material is coming i n . You're machining fast enough 
to generate su f f ic ien t heat to cause adhesion between the tool ana* the 
chip in that area. I t work hardens and i t builds up. I t ' s harder than 
your base material , and, in f ac t , i t becomes your cutt ing t o o l . I t ' s 

" making the cut fo r you. I t continues to bui ld up to a point that the 
loading,,is more than the bond can stand. I t breaks down and is carried 
away on both the machine surface and the bottom side of the chip. We 
don't worry so much about the bottom side of the chip. What is carried 
away on the machined surface is commonly referred to as weld back. I t is 
a frequent misunderstanding, but I believe sometimes people tend to think 
that the weld back is coming from the chip—that somehow after i t ' s " 
removed from the work face i t ' s gett ing background to the surface and 
adhering_to the work face surface. I t shows in Figure 5 as a l i t t l e 
glob. I fa you've ever f e l t i t on a workpiece surface, i t ' s not rea l ly so 
much a g lob—it 's almost, l ike the teeth on a wood rasp. I t ' s quite 
abrasive i f you put your hand on i t . / u 

s There are several factors that can increase the probabi l i ty of th is 3UE 
(see Figure 6) . We have duct i le work mater ia l , which you normally have 
with uranium and uranium al loys. You can have negative or a low-positive 
rectangle on ycjur t o o l . (This frequently happens, par t icu lar ly in a 

* heavy cutt ing operation where you are. looking for maximum strength on 
" that too l . ) For Mulberry mater ial , i f you go below 150 surface feet per 

minute in cutt ing speed, you^arB going to get weld^back. I t ' s almost , 
impossible to avoid. You have got to speed up fjrT-the 200 surface feet 
per minute range. The 100-150^surface feet per minute range is probably 
a good rule of thumb for BUE / o r many materials. A l o t of materials that 
are subject to a weld back cr/ndition w i l l give weld back in that speed 
range. In addition to work/hardening, the material is pyrophoric, and 
chips w i l l burn. This car r l im i t your machining speed pr imar i ly and 
possibly your,productively. I t ' s nothing to rea l l y be concerned about as 
long as you control At. Many people are quite concerned over the burning 
of chips. ' F i g u r e ^ i l l u s t r a t e s why chips burn. Basical ly, what is shown 
is that a l l th^work going into forming a chip shows up as heat. The 
biggest par t^ j f i t shows up in the shear area where the incoming material 
is coming jnto the t o o l , changing the route rather d ras t i ca l l y , and 
causing a / lo t of mechanical work. About 80% of the energy is converted 
to heat . / 

The second greatest heat generator is the f r i c t i o n interface between the 
= chip ar|d the too l . These are nominal numbers—18% of that energy is 

converted to heat there, and a re la t i ve ly small amount is generated 
between the tool and machine surface. What's happening to the heat? I t 
turns* out that only about 5% of i t is going into the workpiece, again 
t yp /ca l l y , probably 15-20% into the t o o l , and 75% of i t ' s going into the 
ch'ip. So, a big part of the energy you are putt ing in there is going 
ijnto that chip. The chip temperatures go up quite dras t ica l ly . Of 
cpurse, the smaller the chip, the more l i ke l y i t is to burn. 

it * 0 
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Figure 8 is a different illustration of basically the same thing in 
Figure 7, showing percentage of total heat input into the workpiece tool 
and to the chip at various speeds', t The important thing here is that as 
the speed increases the percentage" of heat going into the chip also 
increases. And once you reach a speed at which you get a sufficient 
amount of energy into thecfpp, combustion will occur. By controlling 
the speed and using coolants, we do a pretty good job of controlling 
burning chips. v ,, 

In additiorito being pyrophoric, the materials are normally, chemically 
active, which means that special coolants may be required. Frequently, 
machining coolants will have elements which might be corrosive to a 
uranium surface. A common element is chlorine which is put in as an 
extreme pressure lubricant. Sulfur is another one that is found. 
Sometimes these can cause problems with corrosion. 

The material has a relatively low thermal conductivity. And what is 
happening here, remember from the illustration before, those, very, very 
high temperature generations, particularly at the chjp-tool interface, 
are quite local. Temperatures with the machining of steels, can exceed <=• 
1500° to 1600°F very locally. I'm not sure what temperature occurs, 
we don't have any readings on uranium at this time, but it's probably 
quite high. I don't know whatsit takes <to initiate burning, but the 
problem with uranium is the fact that relatively little thermal 0 

, conduction occurs. Many materials have these high temperature 
generations, but they have a higher thermal conductivity and you get a 
self-quenching effect. The high thermal energy can bexdrained off in the<v 
body of the material, rather quickly, and you don't stay at a high 
.temperature very long, so you don't get a lot of burning. With uranium, 
'particularly in the high energy operation like grinding, you can get 
burning- The machined surface will turn black frequently and will burn 
all the way through the part if you have a very thin section. 

Now, in addition to the material properties of the uranium, we can have 
safety precautions limiting our operation. Figure 9 lists the safety 
precautions necessary when handling and machining uranium and uranium 
alloys. First, the material 'is radioactive—primarily a^high beta 
count in the depleted material. The raw castings or the wrought products 
will produce residual oxides which flake off and adhere to whatever is 
around. This oxide is radioactive just like the part. ° 

As I have said, the metal chips will burn and should be stored under a 
liquid. Ordinarily in our machine shops, we pull the chips out of the 
chip pan in the machine and store them in a 55-gallon drum about half 
full of water. By the time you fill it up with chips, the water level 
rises and this, of course, prevents initiation of a fire. Now I don't 
know what~the burning temperature of uranium is. I don't think it's as 
hot as magnesium. It certainly doesn't appear to be the same white heat 

i as magnesium, but it's certainly hot enough to dissociate water and cause 
problems. And finally, adequate ventilation or respiratory protection is 

w 
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required for these chip fires or any grinding dust that you might have. 0 
And the thing you don't want~you don't want any fumes, you don't want 
any dust, you don't want any of that'particulate matter down in your 
lungs, because it's still emitting beta radiation. 

In order to machine these materials, high-temperature-resistant tool 
materials, listed in Figure 10, are needed (for machining both uranium 
and the alloys). Now, high speed steel has limited use with uranium. 
Primarily, only when carbide tooling is not available, in such operations 
as drilling a hole where the size of the hole is larger than you would be 
able to get with a carbide drill. When you have this problem, you can go 
to the cobalt high hot hardness tool steels, like M-42, 43, and 44, and 
they will do an adequate job of drilling uranium. As I said, carbide 
tools are the most desirable. And even then, special grades that are <_> 
high in tantalum carbides are needed. The tantalum carbide content is_.-.• 
what you want; the amount will depend on the operation. I'll get into 
some parameters in a few minutes, and you'll be able to see the 
difference. If you don't have the right tool, an improperly chosen tool, 
it will give you a couple of effects (see Figure 11). First, your tool 
forces—any energy consumption that you have is going to be quite high. 
And if you've got thin sections or unsupported sections on your 
workpiece, this can affect your workpiece accuracy. Figure 12 show's the 
relative use of an improper arade and a proper graderof carbide on. 
uranium or on steel. Tool wear or flank wear is- a function of cutting 
time. As you can see in the chart, useful like on that tool is going 
to be somewhere below failure, maybe down at this wear'level. This, 
is probably, four, five, or six times the time required to get the 
same amount' of wear on the improper tool. Now when you've got short 
tool life, your tooling costs are higher and, possibly more important, 
you are going to lose production by having to make many more tool 
changes. 

Following the carbide tools are several other commercially available 
styles of tooling, one being coated tools which we have not really found 
to be beneficial. We have tested mosjt of the commercially available 
.coatings like titanium carbide, titanjium nitride, hafnium nitride, and -, 
aluminum oxide coatings, and we really haven't found any that,function 
very;'well with uranium or uranium alloys. Certainly not like they 
function with steel. Basically, what happens is that the coating just 
flakes off and the tool then wears at the rate of whatever the substrate 
material happens to be. 

And finally, ceramic tools are not really required. Ceramic tools are 
primarily utilized for high-speed, hot machining operations; and, because 
of the chip fire problem here, we really can't attain th^ speeds that 
allow the ceramic tool to come into its own. 

Now I'd like to say a little bit about parameters. I've titled this part 
of my presentation "Machinirig Guide," but just remember that no list of 
machining parameters is absolute and unique. Only recommendations of 
parameters can be made as far as a.guide is concerned (Figure 13). 

r, 
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Now these machining guidelines ;are by operation, giving parameters. Most . 
of them are /or depleted uranium. Since the material is isotopic 
independent, there won't be any difference in machining for the 

'„ isotopes. It will not necessarily be alloy independent. There may be 
some modifications required for the various alloys. For rough turning 
operations (see Figure 14), we'Vare running roughly 200 ft/min, as you can 
see. (This is all in the English system by the way.) I didn't have 
anything in metric. You can convert it if you want. Running a rather Qt 
negative rake or neutral rake tool, a rather large radius with a small 
clearance, a strong tool for roughing operations. And notice here, we 
are only talking about 11% tantalum carbide. This is probably a typical 
industry grade C5 or C6, which would be a roughing or general purpose 
ferrous grade carbide. Using rust inhibitor in water, I guess one thing 
I might want to warn you about here—as I said it's isotopic 
independent. But your choice of coolant might vary if you get to some 
other isotope. Basically, all you need is coolant for the purpose of 
forming the chip. You can use a little bit of lubrication. There is -=> 
a lot of heat that you need to take out, so for depleted uranium alloys, 
we'll normally use water-based coolants. 

For finish turning (see Figure 15), we were running>a little bit faster, 
not as fast as fine finish turning, and we were running roughly 20% 
tantalum carbide. Here for fine finish (see Figure 16), we were running 
a fine feed, a light^depth—and in excess of 50% tantalum carbide. And 
again, the rust inhibitor in water. 

Cutting off operations (see Figure 17)—we are back to that C5 or C6 
grade tool with high cobalt for strength, only about 11% tantalum 
carbide. It's a ratjier crude operation. You've got a tool buried down 
in a groove so the corners have high stress. You need to break those 
off. Here we use a little bit more lubrication and we can use a little 
bit of soluble oil in there in addition to the water. Speeds are not 
very fast here, but we are not really worried about a BUE in this 
situation. 

On drilling (Figure 18)-weare talking about much lower speeds—about 
20-25 ft/min. Standard grade tool—carbide" if you can get it, M-43, M44 
if you can't get the carbide. Soluble oil and water. Standard 
118-degree wedge points are sufficient—0.001-0.0015 inch per revolution 
feed rate. 

Gun drilling (see Figure 19)~not a lot different, only you've got one , 
cutting edge here so instead of 0.001-0.0015, you're talking 0.0005-0.001 
in./rev. A standard gun drill will do it, only you like to have that 
tantalum carbide in the cutting edge. Again, soluble oil and water. 

Reaming (see Figure 20)—a little bit slower. You don't want any large 
clearance but reduce land width here and you keep that roughly020% a 
tantalum carbide in there and about the same—again you're getting about-^ 
0.001 inch per revolution feed. 

6" 
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Threading (see Figure 21)— the material threads quite easily. You are 
cutting relatively slow here, but that 's probably just so the machinist 
can keep up with his threads so he doesn't cut them off. Basically a 
neutral rake. The same type of carbide you'd use in the turning 
operation—same coolant. Not really a very different operation. 

Tapping (see Figure 22) —I mentioned a l i t t l e earlier that you can tap 
the->material. In tapping operations cutting speed won't be as high, 
maybe 15 ft/min, unless you machine tap. We've machine tapped using 
10-32 taps7'as high as 1100 rpm, and'get maybe 30 holes per tap as opposed 
to trying to hand tap the same material and getting less than one hole 
per tap. I mentioned this a l i t t l e earlier. .You would preferably use a 
2-flute, spiral-pointed, chip-driver tap and push the chips along the end 
of your tap. Here with taps you will be using a high-speed steel tool, 
but if you nitride the tap, you can improve the wear or abrasive 
resistance a l i t t l e bi t . And the coolant that you would use in this 
operation is molybdenum disulfide. The important thing on a tap is that 
you don't want any grinding burrs or anything to get in the way down 
there. Your clearances are very close inside the hole. Don't try to cut 
too much out--hold percent thread to 65% maximum. Maintain a positive 
rake on your«tap, as much as possible. You'll find out with commercial 
taps that the manufacturers sometimes won't give you the same rake from 
one size tap to the next. Hold the radius in the bottom of the flute as 
large as possible so the chip doesn't go1 down in the bottom of the flute 
and jam up. You want it (the radius) to1 turn the chip and drive i t on 
ahead. So you need to do some fairly sophisticated measurements on your 
taps, particularly if you're going to machine tap. 

Rough milling operations (see Figure 23)—not a lot different from 
turning. You just have several cutters on' the workpiece. You're running 
roughly 150 ft/min. Using, if you can get i t , a tantalum carbide tool. 
Unfortunately, most manufacturers make carbide mills in the C-2 grade 
which is basically 94£ tungsten carbide and 6%^cobalt. Sometimes on 
special orders, you can get the proper tools. Foflrough milling, i t may 
not be a,real problem. You would like to adjust the cutting conditions 
to obtain roughly 0.002-0.0003 in. per tooth feed. 0 

In a finish milling operation (Figure-24), just like turning, you up the 
speed a l i t t l e bi t . You go to that 20% tantalum carbide tool.. I t ' s 
imperative here. You may not need i t in roughing, but if you're going to 
finish you need the tantalum carbide again. Take a l i t t l e less depth of 
cut, feed a l i t t l e slower, run a l i t t l e higher speed if you want surface 
finish. 0 

Grinding (see Figure 25)—Remember, I did say you can grind. I t ' s not 
something you want to get into. You run the wheel3fairly slow for 
grinding - 3000 to 5000 surface ft/min. Youcgo relatively light depths.. 
You use a relatively large grit wheel— 46-80-grit—and a relatively soft 
bond—"G" or "H". Silicon carbide is relatively friable so you don't 
get a lot of loading. With an open structure, vitrified bond will 
stand the heat and using the water-base grinding fluid, a l i t t l e rust 
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inhibitor, and you adjust your cross feeds and speeds, etc. to prevent 
the burning of your work. It's probably going to be a trial and error 
method if you go with it. Again, that word of caution: that grinding 
swarf is extremely pyrophoric. The chips are v e r y , very small here and 
you have to be very careful that in subsequent handling it doesn't catch 

° on fire. 

I really don't have any parameters but I ought to touch on the 
nontraditional machining processes. I would like to identify them as to 
whether they will work or won't work with uranium alloys. Figure 26 

r, presents, basically, the definition. Nontraditional refers to 
anything that is not considered conventional like single-point turning, 
milling, drilling, etc. Ordinarily, they are classified by the type of 
energy employed (see Figure 27). The types of energy being mechanical, Q 
electrical, chemical, or thermal. Under mechanical, there are ,r o 
ultrasonics and ultrasonics normally aren't required for uranium and 0 
uranium alloys. We really haven't tried them. The electrical 
methods-electrochemical grinding, electrochemical machining, and 
electrical discharge machining—would normally be used as an alternative 
to a milling of a grinding process and that would be dictated by the 
economics of your individual operation,as to whether or not you want, to 
use them. They will work. Chemical and thermal are not necessarily 
applicable here. 

; Electrochemical Machining (ECM), as shown in Figure 2S-, is basically a « 
removal of.electrically conductive material by controlling an anodic 
dissolution in a rapidly flowing electrolyte. Here again, as with $ 
machining operations, you should be careful if you are going to use this 
and be sure that the electrolyte is compatible with your material. Some 
of these electrolytes are pretty strong salts and might cause you some 
problems. 

<• Characteristics of ECM (listed in Figure 29)-- It's the advantages 
and disadvantages that you might want" to consider in your alternative 
decision of whether to use this or milling. There's no tool wear. You 
get no stresses, no tool contact with the surface,, no thermal damage. 0 
Removal rates are independent of how hard your material might be. Yout» 
don't really have any hydrogen embrittlement here. Your workpiece is 
your anode, and Nick Jessen tells me the hydrogen is going the other 
way. You get pretty good surface finishes. You don't have any burrs.•,p"-«'-• 
Of course the workpiece has to be electrically conductive and tooling can, 
be quite expensive. 

Electrical discharge machining (EDM)—is defined in Figure 30. 
Basically, it states you have an electrically conducting material and you 
remove it by rapid spark discharge between a shaped electrode (whatever 
shape you want it to be, a forming-type process) and the workpiece. 
You're separating them with roughly a 0.001-in. gap and you're filling^ 
that': gap up with a dielectric fluid. The workpiece material is vaporized :, -"-'. 
by the spark and carried^away by the dielectric. Dielectrics might be 
mineral oil, or ethylene glycol and water or something similar. 0 

o 
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Characteristics of an EDM process (listed in Figure 31) would be for 
materials that are real hard. Again, the process doesn't care. I t 
doesn't touch them, and i t doesn't cut them. The material properties 
don't really have a hearing on removal rates or anything e l se . You can 
produce intricate shapes, depending on how well you can machine the 
tool . I t ' s going to produce basically i t s mirror image in the work.'' The 
EDM process is suitable for fragile structures since there is no 
contact—no pressure on your workpiece. You can do small s lots and large 

0^ depth-to-diameter ratio holes. You don't have any burrs here. But, you 
do have a recast and heat-affected layer on the surface. I t may be a 
problem with you. You'll have to decide that for yourself. I t ' s _ 
suitable for one of a kind or an extended production operation. The 
electrodes do wear, so you can have some deterioration in tolerances 
depending on the wear of your electrode. 

I ' l l close .out by restating my original theme (shown in Figure 32) that 
with proper techniques and safety precautions uranium and uranium alloys 
can be safely and efficiently machined in most shops. 
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URANIUM AND URANIUM ALLOYS ARE READILY 
MACHINED BY MOST CONVENTIONAL AND MANY 
NONCONVENTIONAL MACHINING PROCESSES. 

J 1. TURNING ' \ 
2. MILLING 
3. DRILLING , 
4. TAPPING 

° 5. GRINDING = 

6. ELECTROCHEMICAL AND ELECTRICAL 
DISCHARGE 



MATERIAL PROPERTIES CAN CONSTRAIN 
MACHINING OPERATIONS. 

w 

1. THE MATERIAL CAN BE VERY ABRASIVE (CARBIDES, 
OXIDES). 

2. THE MATERIAL WORK HARDENS SIGNIFICANTLY. 

3. THE MATERIAL IS PYROPHORJC ANDTHE CHIPS WILL 
BURN. ^ 

4. THE MATERIAL IS CHEMICALLY ACTIVE (SPECIAL 
FLUIDS MAY BE REQUIRED). 

5._jrHE^MATERJAL.HASLOWJ"HERMAL CONDUCTIVITY. 

J|^s&^-~-^-- ' - '•'••"" " 







Fragments of BUE on th 
Chip and Workplece 

Wor;l<piece 
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FACTORS WHICH INCREASE THE PROBABILITY OF A BUILT-UP-EDGE 
Ca 

1. DUCTILE WORK MATERIALS 

2. NEGATIVE OR LOW POSITIVE RAKE ANGLE 

3. SLOW CUTTING SPEEDS 
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18% of energy converted 
into heat at chip-tool 
interface (appr. location 
of highest temperature, 
governing factor for tool! 
ife) 

5% of heat 
dissipated by 
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-2% of energy converted 
Into heat ai tool-work 
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SAFETY PRECAUTIONS ARE NECESSARY WHEN 
HANDLING AND MACHINING URANIUM AND 
URANIUM ALLOYS. 

1. THE MATERIAL IS RADIOACTIVE ..(/J) AND RAW 
CASTINGS OR WROUGHT PRODUCTS PRODUCE 
RESIDUAL OXIDES 

2. METAL CHIPS^WILL BURN AND SHOULD BE STORED 
UNDER LIQUID: 

3. CHIP FIRES CAN RESULT IN VIOLENT EXOTHERMIC/ 
REACTIONS WITH WATER, V 

4. ADEQUATE VENTILATION OR RESPIRATORY 
PROTECTIpN IS REQUIRED FOR CHIP FIRES OR 
GRINDING DUST. •" J,ifr , c 



-̂

HIGH TEMPERATURE RESISTANT TOOL 
MATERIALS ARE NEEDED FOR MACHINING 
URANIUM AND URANIUM ALLOYS. 

1. HIGH SPEED STEEL HAS LIMITED USE (ONLY WHEN 
CARBIDE TOOLING NOT AVAILABLE) M-42, M-43, M-44 
BEST FOR DRILLING. 

2. CARBIDE TOOLS ARE MOST DESIRABLE. SPECIAL 
s GRADES HIGH INTaC WORK BEST. TaC CONTENT 

NEEDED DEPENDS ON OPERATION. 

* 3. COATED TOOLS HAVE NOT BEEN FOUND BENEFICIAL. 

4. CERAMIC TOOLS NOT REQUIRED. 

* * • & ,• ' " 



AN IMPROPERLYCHOSEN 
CARBIDE HAS TWO ADVERSE 
EFFECTS: 
TOOL FORCES AND ENERGY 
CONSUMPTION ARE HIGH 

^ 

TOOL LIFE IS SHORT 

,VN 

UNION 
CARBIDE 
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COMPARISON OF CARBIDE GRADE WEAR RATES 
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MACHINING GUIDE 

NO LIST OF MACHINING PARAMETERS IS ABSOLUTE AND 
UNIQUE. HOWEVER, RECOMMENDATIONS OF 
PARAMETERS CAN BE MADE AS A "MACHINING GUIDE." 

m 
% 



ROUGH TURNING 
C3 

SPEED -
FEED 
DEPTH OF CUT 
TOOL GEOMETRY 

TOOL TYPE 

COOLANT 

_ca 

150-20Qft/min 
0.012-0.018 iri/rev 
0.050-0.100 in 

; 5° NEGATIVE OR NEUTRAL 
^RAKE, 0.047 in RADIUS, 

5° CLEARANCE, 
CARBIDE (72% WC, 8% TiC, 

: 11%TaC,9%Co) 
2% RUST INHIBITOR AND 
WATER 

o o 



FINISH TURNING 

SPEED 
FEED 
DEPTH OF CUT 
TOOL GEOMETRY 

TOOL TYPE 

COOLANT 

275 - 325 ft/min 
0.002-0.003 in/rev ',*,, 
0.^2^0!flP^Ln_._.j..i .;„.....-
NEUTRAL OR 5° POSITIVE 
RAKE, 0.020 - 0.025 in RADIUS, 
7° CLEARANCE 
CARBIDE (74% WC, 20% TaC, 
6% Co) 
2% RUST INHIBITOR AND 
WATER 

^ 



FINE FINISH TURNING 
o , 

SPEED # * '.' 
FEED 
DEPTH OF CUT 

0 

TOOL GEOMETRY 
*~ 

TOOL TYPE 
u 

COOLANT ; 

G 

425 - 450 ft/min 
0.001 - 0.002 in/rev 
0.0001 - 0.0005 in 
NEUTRAL RAKE, 0.020 - 0.025 in 
RADIUS, 7° CLEARANCE 
CARBIDE (57% TaC, 37% WC, 
6% Co) 
2% RUST INHIBITOR AND 
WATER _ _ 

r. 

1 ; 3 



SPEED 
FEED 

TOOL GEOMERTY 

TOOL MATERIAL 

COOLANT 

CUTTING OFF 

100-150ft/min 
0.008 -0.010 in/rev 
FLAT NOSE - HONE CORNERS 
SLIGHTLY 
CARBIDE (73% WC, 11% TaC, 
6% TiC, 1% NbC, 9% Co) 
2% RUST INHIBITOR AND 
WATER OR 10% SOLUBLE OIL 
AND WATER = 



SPEED 
FEED 
TOOL GEOMETRY 
TOOL MATERIAL 

Q 

COOLANT 

^ 

DRILLING 
r, 

20-25ft/miri 
0.001-0.0015 in/rev 
STANDARD 118° 
CARBIDE (C-2 GRADE) OR M-42-44 
IN LARGER DIAMETERS 
10% SOLUBLE Ol L AND WATER 



GUN DRILLING 

SPEED 20-25ft/min 
FEED 0.0005 - 0.001 in/rev 
TOOL GEOMETRY STANDARD 
TOOL MATERIAL CARBIDE (73% WC, 21% TaC, 6% 

Co) 
COOLANT? 10% SOLUBLE OIL AND WATER 

% 



SPEED 
FEED 
TOOL GEOMETRY 
TOOL MATERIAL 
COOLANT 

REAMING 
^ x 

5-10ft/min 
0.001-0.0015 in/rev 
REDUCE LAND WIDTH TO 0.002 in 
CARBIDE (73% WC, 21% TaC, 6% Co) 
10% SOLUBLE OIL AND WATER 



THREADING 

SPEED 20-30ft/min 
TOOL GEOMETRY NEUTRAL RAKE 
TOOL TYPE CARBIDE (74% WC, 20% TaC, 6% 

Co) 
COOLANT 2% RUST INHIBITOR AND WATER 



r 

o -

TAPPING 

SPEED 12-715ft/min(ASHIGH AS50-
. ° 60 ft/min WITH MACHINE) 

TOOL GEOMETRY 2-FLUTE SPIRAL POINT (CHIP 
° DRIVE) 

TOOL MATERIAL NITRIDEDHIGH-SPEED STEEL 
COOLANT MOLYBDENUM DISULFIDE BASE 

o r 

NO GRIND BURRS ARE ALLOWED; USE 65% THREAD 
HEIGHT; MACHINE TAP WHEREVER POSSIBLE. 



ROUGH MILLING 

CUTTER SPEED 
TABLE FEED 
DEPTH OF CUT 
TOOL GEOMETRY 

TOOL MATERIAL 
COOLANT 

150ft/min 
2 1/2-3 in/min 
0.050 in . 
0.030 - 0.050 in NOSE RADIUS, 
5° POSITIVE RAKE OR LESS, 
7° CLEARANCE 
CARBIDE (C-2 GRAJDE) 
5% SOLUBLE OIL AND WATER 

ADJUST THE CUTTING CONDITIONS TO OBTAIN A 
0.002-in FEED PER TOOTH (APPROXIMATELY). 



FINISH MILLING 

CUTTER SPEED 
TABLE FEED 
DEPTH OF CUT 
TOOL GEOMETRY 

--

, 

TOOL MATERIAL 

COOLANT 

200 - 250 ft/min 
1 1/2^2 in/min 
0.005 in OR LESS 
0.020 - 0.040 in NOSE RADIUS, 
5? POSITIVE RAKE OR LESS, 
10° CLEARANCE 
CARBIDE (74% WC, 20% TaC, 
6% Co) 

9 0 

5% SOLUBLE OIL AND WATER 

ADJUST THE CUTTING CONDITIONS TO OBTAIN A 
0.001-in FEED PER TOOTH (APPROXIMATELY). 



GRINDING 

SPEED 
DOWNFEED 
WHEEL 

COOLANT 

3000 - 5000 ft/min 
0.002 - 0.005 in/PASS 
SILICON CARBIDE 46 - 80 GRIT 
" G " OR " H " HARDNESS 
11 - 13 OPEN STRUCTURE 
VITRIFIED BOND 
2-5% GRINDING FLUID 
INHIBITOR AND WATER 

CROSS FEED, TABLE FEED, OR ROTATING SPEED MUST 
BE KEPT SLOW ENOUGH TO PREVENT BURNING OF 
WORK. 

CAUTION: 

GRINDING SWARF IS EXTREMELY PYROPHORIC. 
EXERCISE GREAT CAUTION IN HANDLING OR 
DISPOSING OF THIS MATERIAL. 
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NONTRADITIONAL MACHINING PROCESSES 

Generally refers to new methods of shaping a material by 
other than the conventional techniques of single-point 
turning, milling, etc. 

Are classed primarily by the type of energy employed. 

UNION 
CARBIDE 

'if. 
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NON-TRADITIONAL MACHINING 
^ 

MECHANICAL j 

* USM -ULTRASONIC MACHINING 

* USAM - ULTRASONIC ASSISTED MACHINING 

ELECTRICAL , „ " 

** ECG - ELECTROCHEMICAL GRINDING 

** ECM - ELECTROCHEMICAL MACHINING _ * 

* EDM - ELECTRICAL DISCHARGE MACHINj£jG 

*® 
CHEMICAL ^ — ^ , " ; . „ f | 

CHM .-CHEMICAL MACHINING 

THERMAL 

LBM - LASER BEAM MACHINING 

* CURRENTLY USED AT Y-12 " ; %i 

* INVESTIGATING POTENTIAL » ^ 

• & 

A - m 



ELECTROCHEMICAL MACHINING IS THE REMOVAL 
OE ELECTRICALLY CONDUCTIVE MATERIAL BY 
CONTROLLED ANODIC DISSOLUTION IN A RAPIDLY 
FLOWING ELECTROLYTE. 
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UNION 
CARBIDE 
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CHARACTERISTICS OF ECM i . - ^ 

• No tool wear. 
0 . 

• ESMd surfag^s are free of mechanical stresses and thermal damage. 

• Material-removal rates are independent of the physical properties of 
l l^wqrk piece. * _ _ _ , ™=™c^_= 1 

Hydrogen embrittlement is no problem. 

Good surface finishes. ° 

No burrs. 

Vtorkpiece hakto be electrically conductive, 

Tooling can l&^l^gfteive? 

UNION 
CARBIDE 

<5> 
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ELECTRICAL DISCHARGE MACHINING (EDM) 

Electrically conductive material is removed by rapid spark 
discharges between a shaped electrode and the workpiece 
that are separated by ^0.001 inch of dielectric fluid. The 
workpie^material is essentially vaporized by the discharge 
|nd expelled from the gap via the dielectric. 

UNION 
CARBIDE 
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CHARACTERISTICS OF EDM 

Good for materials displaying high hardness, high tensile strength, and 
<% • -• ° 

poor macHinability. 
<J 

Complex and intricate shapes can be produced. 

• Suitable for fragile structures. 

^jy&giall slots and large depth-to-diameter ratio holes can be generated. 

#^ No burrs. 

• A recast and heat-affected lay&i\occurs 

Suitable for one-of-a-kind or extended^production. 

Electrodes wear. •u 

UNION 
CARBIDE 



WITH PROPER TECHNIQUES AND SAFETY 
PRECAUTIONS, URANIUM AND URANIUM 
ALLOYS CAN BE SAFELY AND EFFICIENTLY 
MACHINED BY MOST SHOPS. 

r 



. -*xs~ 

•«**£»* 

'\^ 

MACHINING GUIDE 

NO LIST OF MACHINING PARAMETERS IS ABSOLUTE AND 
UNIQUE, HOWEVER, RECOMMENDATIONS OF 
PARAMETERS CAN BE MADE AS A "MACHINING GUIDE. il 

>̂ 


