











of the 4% thick plate, No. 3T1, the material broke brittlely until dsep

center of section lauin~tions were reached, at which point the fraucture
progressel in a more ductile manner, resulting in either partial crystallinity
or complete fiLre. To illustrate this further, in the cases of both 5% thick
plates Nos. 3T1 and 3B1, the longitudinal fractures containing deep laninations
were fitrous whereas transverse fractures which were free from laminations
contained crystallinity.

¢. Brinell Hardness Jurvevs. Brinell rardness readings were taken
on tre cross sections of the nlates. all readings were equidistantly spaced
throughout the sections tested. The resulis of these tests, which are tabulsated
in Table I1I, indicate th:{ the hardness values determined across the sections
of tke 4" and %" thick ;l.tes were fairly uriform. The two four-inch thick
plates nad an aversge Brinell hardness of 255-269 while the average Brinell
hardness of the two five-inch thick plates was found to he 2U8-2A9.

d. V-NHotch Charpy Impact Tests. V-noteh impact specimens were
nachined from eaci plate at the regions Just helow the plate faces and
adjacent to the center lines. The specimens were talen in the transverse
direction {i.e., their long dimension was transverse to the major rolling
directicn) and notched parallel to the plate thickness. Specimens were also
taken from the same locations of each plate after retempering 3/L* thick
rlate secticns at 1200°F. (15 min. at tempersturs) followed by guenching in
water. The results of these tests are given in Table IV. Impact tests show
reduced impact values at -4Y0°F. in almost every instance. In comparing the
~UC®F. values of the g received® material with the -U4O°F. values of the
material retempered and quenched from the terper in order to eliminate
temper embritilement, 1t has been found that the reduced impact values at
~UO®PF. are due to a combination of factors, namely, incomplete quench hardening
and temper embrittlement, caused ty insufficiently rapid cooling from the
tempering temperature. Thre factors for eack plate are listed in Table IV.
It 18 also revealed from the V-notch Charpy data tha® the U® thick plate
No. 371 had been quenched more efficiently at one face than at the other,
The poor V-notch Charpy values at -LO°F. obtained at the center of both 5"
thick plates and the 49 thick plate Xo. 3Bl correlate with the poor behavior
umder ballistic shock., A gimilar correletion is not evident in the case of
the 4# thick plate No. 3Tl.

e, Milcroscopric Examination. Sulphide ronmetallic inclusions were
segregated in the center of the cross sections of the L' thick plates Nos. 3T1
and 38l. This type of nonmetallic inclusion was scattered throughout the
crogs section of the 57 thick plates Nos. 3T1 and 3Bl. Figure 1 iilustrates
the typilcal microstructure of the 4® and 5" thick plates. The area near the
surface of the U8 thick plate No. 3T1 having the poor V-notch Charpy impact
value (33.4 £t/1bs. at -UO®F. after retempering to overcome temper embrittlement)
has a microstructure consisting of ferrite and tempered bainite (Figure 14).
The opposite face of this plate which has higher V~-notch Charpy impact
properties (63.7 ft.lbs. at -4O°F. after retempering) has a tempered
nartensitic structure. The microstructure of the central region of this plate
consists of tempered bainite (Figure 1B). A similar microstructure to that
shown in Pigure 1B is present at the center of the U# thick plate No. 3Bl.




Microstructures at the centersof the 5" thick plates consigt of tempered
bainite (Figures 10, 1D). The presence of more ferrite in the microstructure
5f plate Ho., 371 thon exists in the microstructure of plate No. 3Bl explains
why tre -4C°F. Charpy value of the retempered material of plate No. 3T1 is
lower than the corresponding Charpy impact value of plate No. 3Bl.

f. Jominy Harcenzbility. Standard Joulny hardenability teats were
conducted on end-quenched bars machined from 4% thick plate No. 3T1 and the
A% thick plate No. 3T1. Company practice was used in austenitizing the
bars prior to end quernching. Trhis consisted of heating to 1625°F. for 1% hours
and holding at temperature for % hour. Hardress surveys were made on the
end-quenched bars after removing .050% by careful grinding, after which the
Jominy barg were polished, etched in picral, and examined microscopically.
The results of the hardness surveys are shown in Figure 2. From the Jominy
curves, only a slight drop in hardness is noted at 4O/16% from the gquenched
end of the U® plate Jominy bar and none at this location in the 5% plate
Jominy bar. Microscopic exeamination, however, revealed the presence of 20%
of bainite at the 40/16" location in the Jominy bar of the U¥ plate No. 3T1.
At this location in the Jominy bar of the 5" plate No. 3T1 the microstructure
was entirely martensite. JX¥rom correlations” made at Battelle between the
cooling rates at various locations on Jominy bars with the cooling rates
within the crogs sections of plates, microscopie examination of the Jones &
Laughlin Jominy bars indicates that the analyeés are suitable for nearly
complete guench hardening of the plate thicknesses for which they were
employed. It is, therefore, evident from the re-drawn -U0°C. impact values
shown in Table IV that with the exception of the 4% plate, No. 3B1, all
plates had not been guenched efficiently.

4, The results of this investigation cen be summsrized as follows:

a. Poor shock behavior of the 4" thick plate No. 3Bl and the two
% thick plates Nos. 371 and 3Bl was due to a combination of factore, namely,
(1) temper embrittlement, caused by insufficlently fast cooling from the

tempering temperature, and (2) inefficient quenching, resulting in incomplete
quench hardening.

b. Laminations in the material interfered with the accurate
determination of fibre characteristics but by means of the V-notch Charpy
impact tests (whose fractures were free from lamination) a correlation could

be made between the impact toughness and the ballistic shock performance of
the plates.

¢. The steel soundness ratings of the plates varies from B to Dl.
No spalling occurred from the PTP impacts of both 75 MM. and 90 MM. AP projec-
tiles against the 4" thick plate Ko. 371, the only plate of poor soundness
that was given a projectile~through-plate test. It should be noited that

1. %Correiation of Goollng Velocity ol the Standard Jominy Hardenabillty
Test with the Gobling Velocity within the Cross Section of Plates" -
John @. Kura and C. H. Lorig, Battelle Memorial Institute, 24 August 19i42.
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B the laminations in this plate were contained wholly within the central third
- : of the crogs section.
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