











































































































Not Classified

05% Zr

0.25% Zr

O.1°% Ti

0.25% Ti

0.5% Ti

1.0% Ti

EFFECT OF Be GRAIN SIZE WITH Zr AND Ti ADDITIONS
(Y-691)

36



The Instrument Department at ORNL designed and built an instrument for
recording instantaneous values of speed and pressure for any position of the
ram during the working strokes. The instrument was installed at Adrian and
worked verywell during these extrusions. The records showed that the operator
was holding both the pressure and speed much more uniform than was thought pro-
bable. Since the work reported in ORNL 407, twenty-five billets have been ex-
truded into 3% round-corner squares using the technique mentioned previously.
Of these twenty-five, only one contained a serious defect that could be traced
to the extrusion. This indicates that a technique has been developed that is
.suitable for extruding the three-inch squares necessary for the MIR.

The status of the problem of casting 8-inch billets is not definite. A-
luminum, even in low concentrations, seems to help eliminate cracks. However,
since the last straight beryllium billet extruded was also good, it is possible
that the improvement was due to some change in melting or casting technique.
Since the cracks occupy such a small percentage of the bar volume it seems
possible that even a small amount of a low melting phase such as beryllium-alu-
minum alloy could help alleviate them.

(2) Extrusion at OBNL. Since the large 8 in. diameter billets are both

expensive and difficult to make, some work was scheduled at ORNL, using 3 in.
billets and the same ratio of reduction as employed at Adrian. This work is
summarized in Table VIII. _

The extrusions made at the higher temperatures were carried out to see if
a comparison could be made between the results obtained on the two presses,
and indicated that such a comparison is reasonable. The major difference in
technique between the two operations is that in Oak Ridge a one-piece die is
used exclusively, eliminating the need for a cone on every billet. The radius
on the corners of the die was 3/16 in. instead of the 3/8 in. used on the large
press dies. Since the supply of cast billets was limited, some billets were
made by machining a previously extruded bar.

The results show that copper cans lower the required pressure. At the
lower temperatures the copper seemed to deform more easily than the beryllium,
since in many cases the bar was cracked, but the jacket had not ruptured.
Beryllium has a zone of maximum plasticity at about 850° F, and, to take full
advantage of both this zone and the plastic properties of the copper jacket,
extrusions at still lower temperatures will be attempted.

The corners of the bars were well filled under all conditions. This indi-
cates that the radius of the corners of the large squares can be safely reduced

to lessen machining losses.
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Beryllium Extrusions at ORNL

TABLE VIII

EXTRUSION BERYLLIUM JACKET TEMf§§?TURE PREégg:;N?psl) COMMENTS
Steel
1 | Essraded Copper platedl 1H0G 1300 Bead Mox
2 Cast 0 1800 1000 i L PO
3 Extruded 3 1600 1200 W, SO
4 Cast " 1600 1300 (Speed very slow)
cracked last %
5 Extruded by 1400 1300 Cracked entire length
6 Cast b 1400 1150 ™ % i
7 Extruded copper 1400 1100 Good bar
8 Cast ™ 1400 1050 Cracked entire length
9 Extruded " 1200 1700 i . il
10 Extruded b 1100 1400 Good bar
11 Extruded . 1000 1400 Cracked entire length
12 Extruded - 1000 1600 Cracked entire length
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Testing. During the past quarter, comparative grain size, mechanical
strength and corrsoion data were obtained on the metal types actually consider-
ed for use in construction of the Materials Testing Reactor reflector. Interest
has centered on Adrian extruded (4.1 to 1 reduction) and QM and QBM grades of
sintered powder metal.

Review of beryllium corrosion work to date indicates that hot-pressed
metal is at least as corrosion resistant in simulated reactor cooling water as
is extruded metal, and emphasizes the importance of completing corrosion tests
to determine the relative resistance of sintered metals grades QM, QBM, and CMV
in simulated reactor cooling water and in autoclave testing. Plans for corro-
sion equipment suitable for testing each beryllium piece prior to final ac-
ceptance for reflector use, are being considered.

(1) Grain Structure Comparison. Typical grain structures of sintered

and extruded metal were examined metallographically to correlate mechanical
testing and machining results. Transverse and logitudinal specimens were pre-
pared from the center and edge of an Adrian-extruded billet (extrusion temper-
ature, 1700° F). Grain refinement resulting from one-hour anneals at 1700,
1800, and 1900° F, was also observed. A refined, equi-axed structure resulted
in each case. The grains from the 1900° C anneal were slightly larger than
those obtained at the two lower temperatures. Polarized light photomicrographs
(100X) of the as-extruded and the recrystallized grain textures are shown in
Fig. 7. Included are macrophotographs of the hot-pressed QM grain structure.

(2) Compressive Tests. Room temperature compressive tests were made to

obtain information on the effect of extrusion temperature on strength, the
degree of anistropy found in extruded metal, and the relative mechanical
strength of hot-pressed and extruded metal. Compressive testing was selected
in preference to tensile testing because of the large number .of samples in-
volved :and ithe greater conveniences of fabrication.

:Specimens .were 0.500 in. .diameter .by .one .inch .long:cylinders, with .ends
:machined parallel .to .within at least 0.001 in. Care was exercisedin selecting
each :longitudinal and -transverse sample .so that specimens representative of
metal from .the center .and edge of the billet could be prepared. A 120 .ton
Baldwin-Southwark .testing machine was used for .loading. Deformation or change
in.length measurements were made by:a 0.001 in. dial indicator:mounted between
:the platens of the subpress. ‘A constant strain.rate.of 0.05.in./min. was used

in:all:.tests.
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Beryllium Compression Testing Data

TABLE IX

METAL BILLET EXTRUSION CONDITION AND | SPECIMEN| LONGITUDINAL DIRECTION | TRANSVERSE DIRECTION
NUMBER | TEMPERATURE| REDUCTION RATIO| LOCATION
Ultimate Change in Ul¢elimate Chaunge ia
Strength Leagth Sterengtih Le2angth
{psi) (parcent) (pai) (percent)

Edge #1 Gene oo 55,000 3.6

Edge #2 - - 48,400 3.3

Vacuum Cast 174 1400 As Extruded Center #1 157,400 12.8 42,400 3.2

Extruded (4.1 to 1) Center #2| 150,300 14.1 44,200 4.8

Edge #1 178,800 19.5 86, 100 7.2

Vacuum Cast 175 1600 As Extruded Edge #2 152,300 16.8 96,800 10.4

Extruded (4.1 to 1) Center #1| 162,000 14.8 72,600 6.8

Center #2| 167,000 16.9 75,800 Tt

: Edge #1 141,100 22.8 98,400 13.0

Vacuum Cast 172 1700 As Extruded Edge #2 139,500 23.8 92,800 12,2

Extruded (4.1 to 1) Center #1| 136,400 23.6 93,800 11.9

Center #2| 136,400 24,1 99, 800 11.8

Edge #1 133,000 19.7 96,800 9.0

Vacuum Cast 170 1800 As Extruded Edge #2 139,000 23.8 91,700 9.3

Extruded (4.1 to 1)  |Center #1| 169,600 15.6 76,500 11.0

Center #2| 177,800 14.0 - 67,900 7.9

Edge #1 130,400 23.6 89,200 12.4

Vacuum Cast B776 1870 As Extruded Edge #2 133,900 25.3 104,500 15.8
Extruded (6.5 to 1) Center #l 131, 000 19.5 --- --
Center #2| 137,100 19.1 --- --

Sintered QM 4381 -- As Sintered #1 134,300 24.0° 142,000 26.4

Powder #2 136,400 23.0° 138, 400 25.3

Sintered QRM 4405 - As Sintered #1 125,800 20.9 125,800 21.6

Powder #2 123,800 20.6. 125,200 21.2
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DWG. No. 798I
Fig. 8 COMPRESSION STRESS-STRAIN DIAGRAMS FOR BERYLLIUM Not Classified
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Deep Hole Drilling. Activity on the problem of drilling long, narrow
holes in beryllium metal has increased as a result of the successful extrusion
work at Adrian. Stock of the desired length and cross section is now available
for fabrication into full-sized reflector units. Success in drilling water-
cooling channels will permit greater .flexibility of design and reduce cost of
fabrication of the MIR reflecter.

Deep-hole drilling tool manufacturers were contacted regarding an abnormal
number of tool failures which occurred at the silver-soldered bit-shaft joint.
It was hoped that the correspondence might lead to a new tool designmore suit-
able for drilling beryllium than the presently used gun-barrel drilling tool.
Arrangements were made with the High Standard Manufacturing Company of Hamden,
Connecticut, and the Conner Tool and Cutter Company of Detroit, Michigan, to
test drill some beryllium metal in their shops. All this work was observed
by Mr. P. Kofmehl of the Research Shops to insure proper safety precautions in
the drilling of the beryllium.

(1) Work at Conner (August 19 and 20, 1949). A series of 3/16 in. dia-

meter holes was drilled to determine optimum conditions for deep hole drilling of

extruded metal. All tests were conducted on a standard deep hole machine using
the Conner-fabricated tungsten carbide (Carboloy 883) tipped tools. Speeds and
feeds were varied from 800 to 1600 rpm and between 0.24 and 1.40 in. drill
depth per minute, respectively. Rotation of both drill and work and of work
alone were tried.
Optimum conditions for drilling with this tool were:
Work only turning
Spindle speed:~ 1400 rpm
Feed.- 0.006 in. per spindle revolution or 0.840 in. depth per minute
Coolant - 50% paraffin and 50% sulphur-base oil
Coolant Pressure - 500 psi
Evaluation of the tests revealed that prolonged tool life, greater speeds, and
heavier feeds are possible with the Conner carbide tipped tool. The amount of
hole run-out or variance from the true center, was greater than that found in
similar tests conducted with high speed steel tools at Oak Ridge. It is felt,
however, that additional development work will result in a greater accuracy
in the use of the tungsten carbide tool.
(2) Work at High Standard (August 24 and 25, 1949). A similar set of
tests was conducted to determine the applicability of hardened high speed steel

tools for drilling beryllium. Inall test cases, the drill remained stationary
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while the work revolved. Best conditions determined for use of the HSS tool
are:
Spindle speed .- 100 rpm

Feed - 0.00028 in. per spindle revolution or 0.280 in. depth
per minute

Coolant.- "Cutmax"

Coolant Pressure.- 700 psi
High speed steel tools require more resharpening than do the carbide tools.
One important design feature noted is that the HSS tool bit is considerably
longer (2% in. as against 5/8 in.) than the carbide bit, and this is believed
to be conducive to greater accuracy in drilling.

(3) Work at ORNL. Lack of adequate deep hole drilling.equipment at the

Laboratory necessitated outfitting a conventional lathe.with an external prime
mover to power the drill, a high pressure coolant pump, and special fixtures
for holding and rotating the long stock. Drill feedingis accomplished through
use of the lathe carriage on which a constant speed motor and drill holding
fixtures are mounted.

This improvised set-up is satisfactory.except that the present lathe bed
is too short and requires drill changes every 8 in. as the hole depth increases.
Alterations on the lathe to increase its length to 96 in. are underway.

The majority of tool failures are a result of motor slow-down under load,
which in turn greatly increases the rate of feed. This had been remedied by
use of a constant speed motor.

High speed tool design with proper clearance and cutting angles are shown
in Fig. 9. Conner has encountered considerable trouble in attempting to fabri-
cate a 2% in. length carbide tipped tool for beryllium work. Figure 10 shows
how the deep hole drilling tool works in the material.

Data for drilling deep holes in beryllium with both tool and work rotating
are as follows:

Spindle speed - 146 rpm (counter-clockwise)

Drill speed - 1340 rpm (clockwise)

True cutting speed of drill with respect to work.- 1486 rpm

Coolant - sulphurized oil with 1-2% by volume "Qil Dag"

Coolant pressure:- 22 psi
Commerical "O1l Dag" (colloidal suspension of graphite in o0il) was added to
sulphurized o0il to enhance the lubricating property of the coolant. Figure 11
is a photograph of the new design A-Type reflector unit, fabricated from a

single extrusion instead of the former three extruded pieces. Adequate water
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