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‘fzx Abstract

As part of the HY-180/210 feasibility study, various special
processing techniques are being evaluated to establish their potential for
improving the toughness of high-yieldestrength steels. One processing
technique that appears promising in this respect 1s rapid heat treatment.
Therefore, the Applied Research Laboratory initiated a preliminary evalua-
tion of the process by determining the mechanical properties of a
SkNi-Cr-Mo-V steel that was heat treated by various combinations of rapid
austenitizing, rapid tempering, conventional austenitizing, and conventional
tempering.

The results showed that the yield strength of the rapidly austeni-
tized specimens was 10 to 20 ksi higher than that of the conventionally
austenitized specimens with no loss of notch toughness or ductility The
i propertiesof-the rapidly austenitized specimens were ted

sith a-refinement of THe austenite grains. The hest

obtained when the specimens were rapidly a it] 1 timee. The
fi{nest grain stze TASTM No. 14.5) was . ‘when a specimen was
austenitized of 200 P per secand.

Rapid tempering (4 F per second) after rapid austenitizing
produced a slightly better combination of strength and toughness at low
tempering temperatures than conventional tempering, but conventional
tempering produced a slightly better combination of strength and toughness
at high tempering temperatures for rapidly austenitized specimens.

These preliminary results indicate that rapid heat treatment
offers considerable promise for increasing the yield strength of alloy
steels by as much as 30 ksi with no loss in ductility or toughness., Thus
experimental steels that meet the strength and toughness require for an
HY-150 steel may meet similar requirements for an HY-180 steel aft rapid
heat treatment.

On the basis of the favorable results of the preliminary evalua-
tion, a statistical program to evaluate further the potential of rapid heat
treatment has been initiated.
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treatment. The strengths were similar, but the ductility and toughness
were superior for the 1170 F conventional temper, Tables II and III.

A comparison of the data plotted in Figures 4 and 5 shows that at
the lower tempering temperatures (830 F), rapid tempering produced slightly
better combinations of strength and toughness than conventional tempering.
For example, after rapid austenitizing at 4 F per second or 10 F per second,
the specimens that were rapidly tempered exhibited a yield strength 4 ksi
higher at the 70 ft-1b toughness level (480 F) than that of the convention-
ally tempered material.

Metallographic Examination

The results of the metallographic examination are presented in
Figures 9 through 11.

Figure 9A shows the material in the as-rolled condition prior to
heat treatment. A photomicrograph of a portion of Plate Sample C, which
was conventionally hardened and tempered (see Figure 9B), shows a duplexed
structure with an average ASTM grain size of 9.5.

A comparison of specimens austenitized at 4 F per second, 10 F
per second, and 200 F per second (single pass) shows that the finest and
most uniform prior austenitic grain size (ASTM No. 11.5) was obtained with
the slowest rate of 4 F per second, Figures 10A, 10B, and 1llA. These
photomicrographs confirm the results of mechanical tests on the same plate
samples.
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Although the preceding discussion indicates that the 4 F per
second single-pass hardening treatments were better than the 10 F per
second or 200 F per second treatments, this observation is not conclusive
because of the limited number of variables investigated. A study of other
variables such as the peak austenitizing temperature and holding times may
show another heating rate to be optimum. Other investigatorsz) have, in
fact, reported that fast heating rates elevate the transformation
temperatures of the steel.

The favorable results obtained with the 4 F per second heating
rate are important because of the practical considerations involved. Very
nigh heating rates are not commercially feasible on thick sections. A
computer study at the Applied Research Laboratory has indicated that on
2-inch-thick steel plate, the highest feasible induction-heating rate would
be approximately 10 F per second.

The study of the effect of multiple hardening treatments on grain
size showed a continuing grain refinement from one through five passes (see
Figure 11). The one-pass, 200 F per second treatment (Figure 1lA) resulted
in a strongly duplexed grain structure. This type of structure might be
responsible for the small strength increase shown in Figures 4 through 7
for the single 200 F per second treatment compared with that of the 4 F

per sacond and 10 F per second treatments.
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EIGHT SPECIMEN BLANKS ARE REMOVED
FROM EACH HEAT-TREATED PLATE
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A, Ho -rolled condition.

. R =2 ) M . -
B. Conventionally heat-treated.
Plate sample C. ASTM Grain
Size 9.5.

Figure 9. Photomicrographs of 5%Ni-Cr-Mo-V steel. Etched

1n aqueous picric acid at 200 F. X500.

2-9330B-2
2-9331B-2 (40.018-002) (15) Figure 9A,
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