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ABSTRACT

Manufacturing techniques were developed for handling, firing, and
hot-pressing graphite composite materials in 57-in. o.d. by 40-in. high
graphite molds. Consumable wooden supports were used to achieve almost
perfect float-molding conditions. Forming parameters were established for
manufacture of Grade JTA plates 30 in. by 15 in. by 3 in. thick, and solid
billets 29-in. o.d. by 15 in. high. The solid billet weighed 1090 pounds and
is believed to be the largest ceramic billet ever hot-pressed. Hollow cylinders
up to 14-in. o.d. were also hot-pressed. Cracking was eliminated in large
Grade JTA composites by removing the pitch binder from the formulation.
Limited progress was achieved in pressing Grade JTA composites into small
leading edge shapes.
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Figure 6. 3-in. o.d. JTA Hollow Cylinders Made by Baking and Hot-
Pressing Without a Supporting Mandrel,
N-18786

Attempts to duplicate this process in 14~in. o.d. by
8-in, i.d. cylinders failed. In every case, the side walls collapsed as shown
in Figure 7. It is believed that the method would be successful in cases in
which the final wall height was not more than 3 inches. Unfortunately, in the
larger sizes, wall heights in the order of 7 inches or greater are of interest.
These higher walls tend to shear and buckle as they densify when no supporting
mandrel is used.

3. Hollow Mandrels

It was evident that some support was necessary to resist
wall coliapse during high temperature densification. However, a solid mandrel
which prevented Grade JTA shrinkage during cooling would cause the cylinder
to crack. An attempt was made to design a compromise. It was reasoned that
a hollow graphite mandrel could be machined with a wall thickness that would
just withstand the applied forming pressure. The additional forces from the
shrinking Grade JTA would, at some point, cause the mandrel to fracture and
completely free the cylinder.

An experiment was run using modified JTA blend in the
14-in, mold assembly. An 8-in. o.d. graphite mandrel, with a 1/ 4-in. wall
thickness, was supported by 1-in. wood strips in hollow ATJ rams. The man-
drel supports burned out at the same temperature as the mold supports and
allowed the mandrel to move freely (see Figure 8).
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The hot-pressed cylinder was 14~in., o.d., 8-in, i.d.,
and 6 in. high, Its density was 3.07 g/cc. The thin-walled mandrel did not
break but was hot-worked by the inward pressure of Grade JTA anc bulged
(approximately 5/8 inch) toward the center No flaws were visible exter-
naily, Both X-ray and ultrasonic examinations detected two small areas of
low density. Subsequent metallographic sampling revealed two, 1/2-in, long
by .009-in. wide lines with slightly greater-than-normal graphite flour con-
centration. This apparently resulted from segregation during mix handling
after blending. Development of improved blend handling techniques is indi-
cated.

Time did not permit an attempt to make a 29-~in, hollow
cylinder. However, it is believed that this thin-walled mandrel technique cer-
tainly appears promising and should be a fruitful avenue for further investigation.

Figure 7. Collapsed 14-in, o,d. Hollow Cylinder, Baked and
Hot-Pressed Without a Supporting Mandrel.

N-21127
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Figure 8. Hot-Pressing Assembly 14-in. Hollow JTA.
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D. Solid 29-in. o.d. Billets

Three full-scale 29-in. o.d., solid billets (15 in.,, 22 in., and
24 in. lengths) were processed with regular pitch bonded Grade JTA blend
before the pitch effect on cracking was discovered. Changes in heating and
cooling rates, greater insulation in the ram train, and variations in pressure
application did not succeed in preventing numerous vertical cracks in these
large pieces.

A fourth full-size billet (29-in. o.d. by 15 in. high) was hot-
pressed with the modified Grade JTA blend. The manufacturing conditions
for this billet follow.

e Hot-Pressing Assembly

A 57-in. o.d. by 40-in. long RVA cylinder was machined
so that the 29-in. i.d. had a straight section of 12 inches and a taper of 0. 003
inch per inch for the remaining 28 inches. The mold was supported over the
bottom ram train with six 2 x 4's as shown in Figure 9. The ram train was
machined from 24-in. by 30-in. Grade GA carbon and 30-in. o.d. by 72-in.
long Grade ATL graphite. The base, skid, placement of insulation, and
ret2ining ring were the same as those described for the flat plate assembly.
Figure 10 shows the lowering of the retaining ring over the 57-in. o.d. mold.
Note the space for downward mold movement between the mold bottom and
insulation. A schematic of the final assembly ready for firing is illustrated
in Figure 11.

Figure 9. Placement of Wooden 2 x 4's Around the Bottom
Ram Train to Support RVA Mold,
N-21128
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Figure 10. Lowering Insulation Retaining Ring Over 57-in. o.d.
Graphite Mold. JTA Blend is Placed in the Mold
Cavity, the Top Ram Assembly Added, and Gas Black
Insulation Added to the Top of the Retaining Ring.

N-21129
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Figure 14.

Grade JTA Shapes Prepared by #arm-Pressing.
N-~11512
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Figure 16, Hot-Pressed to Shape JTA.
N-11513

C. Grade JTA Bending

Attempts to bend Grade JTA graphite composite material by
i reheating the sample to a temperature near the eutectic point and applying

| bending forces were unsuccessful, Grade JTA samples 1 3/4in, by 1 3/4 in.
i by 1 1/4 in. were first prepared by hot-pressing to a bulk density greater
than 3.0 g/cc. In each bending trial, one of the Grade JTA samples was
placed in a Grade ATJ graphite mold and positioned between male and female
graphite plungers. A 1/4-in, nose radius on the male plunger and half-
angles of 30° provided the bending moment for the sample.

The assembly was resistance heated in a graphite tube furnace

at a rate of 740°C per hour., A minimum amcunt of pressure was applied to the
specimen prior to heating~-~just enough to hold the specimen between the rams.
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Expansion and contraction of the system during heating was measured with a
dilatometer. Expansion of the graphite components occurred during the heating
until a temperature of approximately 2200°C was reached. After a one-haif
hour hold at temperature, pressure was increased slowly,

Three bending temperatures slightly below the composite
eutectic temperature of 2260°C were selected for the trials. The first attempt
at bending prepressed Grade JTA was made at a temperature of 2220 + 10°C,
40°C below the eutectic temperature. The specimen fractured as pressure
was applied. Very little plasticity was observed in the sample at this temp-
erature. The temperature of the second bending experiment was increased to
2255 + 10°C, Fracture occurred again as pressure was applied and very little
plasticity was observed. Liguid runout observed in the fractured specimen is
shown in Figure 17. The runout material indicates that the Grade JTA com-
posite eutectic temperature was exceeded. i

Figure 17. Fractured Bend Specimen Depicting Runout at a
Maximum Temperature of 2255 + 10°C,
N-17533
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2200 ¢ 30°C and a maximum pressure of 1750 psi. The hot-pressing was
discontinued at this point to permit evaluation and also as a safety precaution
to prevent damage to the mold assembly., During cooling, maximum pressure
was maintained until the temperature fell below 1700°C; then all pressure was
removed,

Figure 18. Split Cylinder Leading Edge After Varm-Pressing.
N-17532

The general appearance of the leading edge was good,
and no cracks or flaws were observed. Bulk density, determined by water
immersion techniques, was 2.5 g/cc. The resulting density of the Grade JTA
leading edge indicated that higher pressures would be required to obtain den-
sities in excess of 3.0 g/cc. Examination of the leading edge has snown that
the predetermined total travel was not obtained. The discrepancy between
measured total travel and actual total travel was related to expansion and
densification of the graphite components in the assembly,

A second Grade JTA warm-pressed leading edge was
hot-pressed, and the same process procedures were used. The maximum
pressing temperature was 2200 :+ 30°C, and the pressure was increased
from 1750 psi to 2575 psi. The leading edge was held at maximum temper-
ature and pressure for a period of 30 minutes.
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