





ABSTRACT

Three 10 x 10 x 20 inch blocks which approximate the average
section of large stockless anchors were cast of Class B steel, which
‘is at the present time used in the manufacture of anchors. One casting
was annealed according to existing specifications and the other two
were given shorter heat treatments., It was found that the present heat
treating time of 64 hours could be reduced about one=-half by using a
different heat treatment and that better physical properties throughout
the test castings could be obtained,

Wicrographs and macrographs, density measurements, and the
results of low temperature impact tests are also presented.






6. For larger sections cooled from higher temperatures there
is still only a comparatively small difference. Plate 12 shows the
cooling curves for the surface and axis of a 12 inch diameter cylinder
cooled in air at 65°F from a temperature of 1800°F. These curves were
plotted from heat transfer formulas (5)and approximate the most drastic
cooling which would be encountered in the test castings used in this
work. At no time was the temperature difference between the axis and
surface over 100°F. With temperature gradients of this small order exist~
ing in a casting, especially a casting made of mild steel and of fairly
uniform section as an anchor shank, there is very little disposition
toward cracking.

7. The annealing time of 25 hours required under present speci-
fications promotes grain growth instead of grain refinement, and the slow
cooling thru the critical zone causes the formation of large pearlite
and ferrite areas, a condition which is not conducive to toughness. The
long annealing time produces some homogeniety in the casting, but this
could be more quickly accomplished by using a higher temperature. C. E.
Sims (1§has pointed out that for every 100° increase in the annealing
temperature above 1650°F, the time at temperature could be reduced by
one-half to obtain the same effect. He based this conclusion on the
commonly accepted belief that one hour per inch of the largest section of
the casting at 1650°F produced satisfactory hamogeniety.

8. Merton (Lvelieves that the only way that the physical properties
of the steel in massive sections can be made to approach those of test
coupons is to soak the casting at 2000°F for 2 hours per inch of cross
- section, then to normalize from above the critical to refine the grains,
and finally to temper. He is of the opinion that the production of high
quality castings of large cross section is aided by keeping the silicon
content low and pouring as cold as possible. He advocates a soaking pit
treatment for castings similar to that which rolling mills use for ingots,

9. Lorenz(l)found that in some cases a high temperature soaking
treatment improved the physical properties of large sections and in other
cases it did not. Because of his inconsistent results he concluded that
design, and gating and feeding influenced physical properties as much as
heat treatment,

10, Briggs and Gezelius (b)studied the effect of mass on sections
as large as 8 x 8 inches and found that strength and ductility at the
center of cast sections decrcased as the section size increased. They
used as their standard heat treatment an anneal at 1650°F for one hour
per inch of cross section. They found no benefit from a high temperature
anneal, but they held their specimens at these temperatures for only a
very short time and did not follow the high temperature anneal with a
grain refining treatment. They concluded that the decrease in mechanjcal
properties at the center of large sections was caused by microstructure,
carbon segregation, and a decrease in density. In contradiction to
Herton they found that pouring temperature has no influence on the
physical properties and that silicon segregation was not of sufficient
magnitude to have much effect. It was pointed out in the discussion of
Briggs and Gezelius' paper by both ihillips and Gagnebin that .03 to
.05 percent of aluminum would cause a very serious drop in the ductility

2,
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DATA OBTAINED

17. The method chosen to show a comparison between the three heat
treatments was to compare each of the several properties tested both by
selecting the heat treatment which gave the best values at each position
in the large test castings and also by averaging the values obtained for
all positions in each casting. Included in these tables are the values
of specimens sectioned from the two test coupons. For specimens trepanned
from more than one similar position in the test casting, which was the case
in all but the center specimens, the results are averaged.

18. A Brinell hardness survey was made on each of the half inch
sections cut from the test casting. Fifteen impressions were made on each
section from one corner diagonally across to the opposite corner and at
all points on all three plates the hardness was 1LO Brinell, Thus all
heat treatments left the castings in the same condition of hardness which
was about the lowest possible with this steel.

19, Tables 1 thru 8 show the results of other physical properties

~ tested. From Table 2 it can be seen that the same tensile strengths were
obtained with all heat treatments. However Table 1 shows that the highest

yield strengths were obtained from specimens trepanned from block 1 which

was homogenized at 1800°F. This superiority was evident in all positions

in the blocks and the average yield strength of block 1 was 5,500 psi

higher than in block 3 which was annealed according to specifications. The

‘yield strength of block 2, normalized and drawn, was midway between the
other two, : '

20. Tables 3 and L show that block 1 also has the best ductility as
measured by elongation and reduction of area, with block 3 second best.
The higher ductility of block 1 is more in evidence in the cold bend tests,
the results of which are listed in Table 5. The angle of fracture of spec-
imens obtained from block 1 is 95 degrees but only about 70 degrees for the
other two blocks. The effect of mass on physical properties is most pro-
nounced on the ductility tests. Throughout Tables 1 to 8 it can be seen
that for each value tested the test coupon has better properties than does
the block with which it was heat treated, but this difference is most
apparent in the tables showing elongation, reduction of area, and cold
bend results. Block 1, for example, has an average elongation of 18,3
percent while specimens obtained from coupon B have an elongation of 32.L4
percent, or almost twice as much. The difference in reduction of area
values is still greater, with block 1 having an average of 23,2 percent
while the reduction of area value of specimens obtained from coupon B
treated with block 1 is 57.L percent, The cold bend specimens taken from
coupon B did not fracture even after being bent through 160 degrees while
specimens sectioned from the large test blocks failed to even approach
the 120 degrees required in specifications before fracture. This is
another proof that results of specimens removed from coupons should not

be taken as other than relative to the properties of the castings poured
from the same metal.
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