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ABSTHACT

the notch sensitivity of

for evaluatin Stivity

e

hull plate steel before the steel hus been rolled into plate was scught.

Tests made on cast ladle samples from open hearth heats verified the
results obtained on laboratory steels which showed tlat small hot-worked iadlie
samples will distinguish relatively iarge diflerences in the notched-bar impact
resistance of hull plate steels. Correlation betuween the deoxidation practice
and the notched-har impact properties was obtained for both the commercially

R L) LS | ]

rolled plate and the hot-worked ladle samples although the actual impact values
for the ladle samples were higher than for the plate sauples,

The walker “edgze-impact test was investignted as a possible method for
evaluating the quality of hull plate steel on samples poured from the furnace or
ladle,

The initial experimental work was directed towards the production of
sound wedge-impact test castings of hull plate steel analysis., It was found
that either by centrifugal casting into a bhaiked core-sand mold or by static
casting into a copper chill mold, scund wedge samples could be cast from hull
plate type steel when the silicon content was ra .
higner silicon content was necessary to produce sound wedge samples by static
casting into baked core-sand molds. No method for casting sound test specimens
from steels containing less than 0.10 per cent silicon was {ound.

Hull plate type steel containing 0.10 per cent silicon had higher
notch-bar impact resistance than steels containing 0,01 to 0,03 per cent silicon,
It appears that the addition of silicon required to obtain sound wedge test

castings would change the impact resistance of the samples tokeon from low-silicon

hull plate steel melts, No simple method of allowing for this difference is



evident.

a difference in impact resistance between an aluminum-killed steel and a
silicon~kilied steel when each w:s either in the as—cast or normnlized con-
dition, Notched-bar impact tests showed an appreciable difference in the
impacy resistance of these two steels, When the as-cast surface was removed
by grinding, normalized wedges free from defects failed to break at a testing

temperature of minus 80°%%,
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TUTRODUCTION

- The object of thig investisation was to develop a fairly simple but
reliable method of evaluating the cuality of huil steel before the steel was
rolled into plate, Various testing proccdures sﬁchlas the spiral fluidity test,
and herdenability test, are being used to Aetermine a pafticuiar.steel charac-
teristic before the steel is tappgd. | o

The service periormance of huil platc éteel is a function of its
notech-toughnoss characteristicsf An indication or the.notéh toughness of steels
can be readily obtained by making standard notched—bar‘impact Lests over g
- suitable range of temperatures. This relatively simple appfoach to the problem
- of determining quality of hvil steel becomes complicaced by the fact that no
method is known that will give sound cast tost speelmens from semikillod stecl

of the type used in hull plate.
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The notch sensitivity of semikilloed hull plate steel of Grade M compc-
sition is known to depend t> a large extent on the following factors:

1. Deoxidation practice,

2. Temperature of hot rolling or normailzing,

3. Rate of cooling following hot rolling or normalizing.

Lo Susceptibility to strain aging.

while only the first and fourth of these factors are determined by
steelmaking practices, it is necessary Lo cvaluate the effect of these factors
before the significance of a test made on a cast sample can be properly evaluated
in terms related to the rolled plate,

To accomplish the purpose of developing a test which will show the
quality differcnces between heats of semikilled hull plate steel, it was neces-
sary to overceme three problems:

i, Produce goed- and poor-gualily stesl %o "test the tost,

This can be done by varying the deoxidation practice.
2. Obtain sound test samples,
73. Investigate all variables in processing the nlate that may have
a direct relationship to the notch toughness of the finished plate.

The first progress rocport, dated may 28, 1947 and designated as 85C-12,
contained data on the comparison of high- and low-silicon steels with and without
aluminum deoxidation, Notched-bar impact values of silicon-killed steels were
similar to silicon-aluminum-killed steels in the as-cast state, Normalizing
within a suitable temperature range developed & marked superiority of aluninum-
silicon-killed steel over a silicon-kilicd steel. A superiority of hot-worked
aluminum-killed stesl over hot-worked silicon-killed steel occurred only when
the finish rolling temperature was held within the temperature range of 1600°F

to 1800°F. Strain aging after rclling at this finishing temperature further



__'j.,
increased the difference in the nobtchad-par impset recsistance of aluminum-killed
steecl over silicon-lilled steel. HNotched-bar bend toests made cn the same steel
did not appear to offer any advantages over nobehed-vor dmpoct testing.

A testing procedure was propesed toe peedict the quality of hull plate
steel. This test consisted of casting a one-inch-round bar from the ladle of &
heat of null plate steel, hot rolling this bar to aboubt 9/l{-inch squarc av a
temperature corresponding to the mill plate rolling practice, strain aging, and
testing as notched=bar impact specimens.

An investigation of the Walker wedge-impact test as a possible quality
teSt for hull pliate stecl was an object of the original program regueshed by the
Navy Department, This report summarizes experimental work intended to evaluate
the suitability of the wedge~impact test for the purpose.

The Walker wedge test has been used in the malleablc iron industry as
a measure of impact resistance of malleable iron after annealing., The test
specimen used is a wedge 6 inches long;‘l inch wide, and tapered from 1/2 inch
thick at thc base to 1/16th inch thick at the top, The thin cdge of the wedge
is bent slightly before testing.

The test is carried out by placing the wedge specimen in a testing
machine and repeatedly dropping a 2l-pound tup, from a height of 40 inchus, on
the thin edge of the wedge. Repeated blows of the tup cause the wedge to curl
inte a spiral. The tightness of the spiral is controlled by lateral adjustment
of thu anvil holding tho sample, The sample is subjected to repeated blows of
the tup until failure occurs or until the sample has withstood a specified number
of blows.

A preliminary investigation of the wedge test was reported in the first

progress report, 53C~12,
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This test reouires the uss of sound as-casb specimens and preciminary
work, therefore, was done in an attempt to produce sound wedeoe castings without
changing the impacet resistance of the base stosl.

This report includes the exporimental dote outained on (1) the attompts
made to cast a sound test sample from semikilled stecl; (2) an invostigation of
the effect of small additions of siiiceon on the soundness and impuct resistance
of hull plate stecl; (3) the evaluation of tho wedge~impact test as a possible
method of determining quallity of stecls; and (4) the comparison of the impact
reslistance of hot-~worked ladle samples and coamereially rolled plate from the

same open hiarth stecl heats.

EXPEAIMENTAL WORK

Effect of Silicon Content and Casting, kigthod
on soundness of Wedgse samples

A series of 25-pound inducticn furnacce stecl heats was made to detormine
the minimum silicon content nccessary to produce sound test specimens, 4 chill-
cast wedge sanple, a cnc-inch~diameter by siz-inch sample centrifugally cast
into baked corc sand; and a one~inch-diamester by six~inch sample that was poured
into a baked core~sand mold which was jolted during the solidification pefiod,
wore poared from cach héat. The chill-cast sample was poured into the copper
mold shown in Figure 1, The joited sauupls was poured into a baked core-sand
moid and jolted violently on the table of a molding machine until solidification

was complete, The cenbrifugally cast sample was poured into a boaked corew-sarxd

mold spinning at 275 r.pem, The minimum distance of the sanple from the center

of rotation wais six inclies.
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Resuwlts of these tests are summarized in Table 1.

TABLE 1, EFFECT OF CASTING CONDITIONS AND CSILICON CONTENT ON
THE SOUNDNASS OF R'MLL PLATE STEEL

Analycis, % Soundness
Heat, C__ Mn Si 5 P Jolted Chill Cast  Centrifuged®
A=3856  0.24 0.45 0.10  0.029 0,022 Porous Sound Soun:d
A-3867 0,15 0.38 0.0l 0.,0%2 0,021 Porous Porous Porous
A-3868 0,27 0,47 0,01 ©.031 0,022 Porous Porous Porous

#* 275 r.p.m.

Following these tests, a wedge mold for centrifugal casting was made
(see Figure 2) and the speed of the cuntrifugel casting machine was increased
toc 350 rep.m. A sccond series of castings was Lhon made with the results shown
in Table 2.

TASLE 2. COMPALRISON OF THE SOUNDIESS OF CHILL~CAST
AND CENTRIFUGALLY CAST GruIKILLED STEEL

Analyses, % , Scundness
Heat G " Lin Si Chill Cast Centrifuged”
A-4149 0.28 0.46 0,04 Porous Slight porosity
A-=)150 0.22 C. L9 G.02 Porous Slight porosity
A=L1L8 0,21 0,46 0,01 Porous lModerate porosity

#* 350 rop.il.
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Figurcs 3 and /, show photographs of lLongitudinal sections of the
samples described in Tables 1 and 2, respectively.

Those tests indicate thot scund test bars can be cast from a 0,10 per
cent silicon hull plate Hype of stecl cither in a chill moid or by centrilugal
methods. Test castings containing much less than 0,10 por cent silicon were not
sound. However, the centrifugally cast samples were much betier than the chill-
cast samples, both with respect to porosity and surfuce appearance. A very high
cenbrifusgal force mizhit result in sound samples cast from steels containing less
than 0,10 por cent silicon, bubt the metal penetration of the sand mold ail the

higher pressurcs would result in o very rough surface.

Effeet of Small Silicon Additions on Impact Resistance

Since the minimum silicon content that would result in a sound cast
wedge sample was about 0,10 per cenb, it was nocessary to determine the effect
of this amount of silicon on the impact resistance of hull plate type of steels,

A series of 100=-pound induction furnace hull plate type stecl heats
was made with intended silicon contents of 0.0l and 0,10 per cent with and with-
out an aluminum addition of six pounds per ton, BEight 1-1,'8 x 1-1/8 x 6-inch
vars pouraed in core~-sand molds ang one 50-pound chill-cast ingot woere obtalined
from cach heat. The chemical compositions of these heats werc as follows:

TASLE 3. COMPOSITION COF STEELS UskD TO INVISTIGATE THE
EFFECT OF DECAIDIZERS ON IMPACT RESISTANCE

Code Heat Analyses, %

Number Number C Mn 3i 5 P Aluminum Added
0 A-3926 Cl.20 C.57 0,09  0.027 0.028 6 pounds per ton
T A-34528 0.21 0,50 O;Ol 0,028 0,033 & pounds per ton
N A-3925 0,22 O.44 CL11 0,035 0,028 lione
P A-3927  0.22 C.46  0.0L  0.030 0.032 None
L A~3929  0.25 0.51 0.03 0,026 0.028 None
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Figure L.

7 Heut A-4lld, 0,01 per cent
A deat a-ulliy, 0004 per vent
X Heat 4-4150, 0,02 p=r cent

The left wedge of each group was ¢ast into 4 copper mold,
The right wedge of each group was cast centralugally in
core sand nold,

comparison of the soundness of semiwililed steel wedges cast
into chiil molds and cast centrifugally in core sand mold.
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The 1-1/8 inch bars were heated to 1950°F, and hot rolled to 0,735
inch squares, reheated to 1700°F., and rolled to 0.470 inch squares. Th» rolled
bars were machined to 0,500 inch-diameter by 2.00 inch notched bare (a5 described
in the first Progress Report). The notclh in these bars was 0,050 inch deep, had
a 45° included angle, and a root radius of 0.C05 inch,

A comparison of the 0.0l und 0,10 per cent silicon, aluminum-killed steel
is given in Fig, 5. No significant difference is apparent in the aluminum-killed
steels tested as round impact bars. A comparison of high - {0.11 per cent
silicon) and low - (0.01-0.03 per cent silicon) silicon steels without the addi-
tion of other deoxidizers is shown in Figure &, ‘'he notched-bar impact values
for the 0,11 per cent silicon steel are somewhat bettier than those for the 0.0L
and 0.03 per cent silicon steel,

A comparison of the standard V-notched Charpy valucs feor these sane
steels is shown in Figure 7, The very hLigh values obtained above the transition
temperature of the a.uminum-killed steels appeared tc he caused by laminations

in the steal
A4ll Uil ouECi .

Procedure for Making Samples for the Ualker Wedge Test

Sound test wedges could not be made from semikilled hull plate steel.
It was, therefore, decided tc check the sensitivity of the wedge-impact test by

comparing steels with sufficie unounts of silicon to give sound castings in dry

sand molds. Since it is well known that the impact resistance of this type steel
is improved by a suitable aluminum addition, both silicon and silicon plus
aluminum-killed steels were made,

A wedge pattern was made containing eight wedges in a row as indicated

by Figures 8 and 9. A stack of six of these sections, with eight wedges per
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section, made a mold containing 48 wedges, A preliminary test poured with the
wedges vertical resulted in misruns of some of the wedges, All experimental
wedges were then poured with the wedges horizontal, which proved quite satis-—
factory and gave sound wedges with pgood curface and dimensional accuracy.

Two 250-pound induction furnace steel heats were made for the wedge-
impact test evaluatiocn, Two molds of 48 wedges each and two double-leg keel
blocks were poured from each heat. The cherical compositions of the two heats
were as folluows:

TABLE 4. CHEMICAL COMPOSITION C¥ STEELS TESTED
IN THE WALKER WeD&E TESY

Heat Analysis, %
Number C lin 51 S P Aluminum Added
A=1054, 0.23 0,53 0.26 ¢.029 0,021 i, pounds per ton
A-1L068 0.25 0.57 0,27 0.029  0.023 None

One-half of the wedges and one keel block from each steel were normal-

ized at 1650°F, All wedzes were gziven a hydrogen removal treati;ent of 16 hours

at 400°F,

Testing Procedure Used in Testing the Impact Resistance of ledres

The wedges were tested in the wedge-impact machine shown in Figure 10,

1 LR IR

a tup, welghing 21 pounds, from a height of 3-1/3 feect to give an impact of 70

foct-pounds.,

The wedge sample (see Figure 2) was a bar & inches long by 1 inch wide

tapering in thickness from 1/2 inch at the base tc 1/16 inch at the top. The

thin edge of the wedge was given a starting curl by bending the wedge through an

angle of 45° around a 1/2 inch-diameter bar,

his machine was built from drawings supplied by kr, Lansing. The machine drops

2
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Figure 10. wedge-Impact Machine
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The wedzes were brousht to temperature in a water bath for the tests
at TOOF. and 2100F‘ and in an acetone bath, maintained at temperature with dry
ice, for the tests conducted at 0°F,, -4,0%.,, and ~80%. Experimental werk on
a previous project established, by thermocouple measurements, a temperature rise
of 3.5°F, in the L seconds required to transfer a specimen from a bath at -35%,
to the specimen holder and to drop the tup. Actual batl temperatures were main-
tained at —SLOF., ~L4CF ., ~30F,, 700Fm, and 212°F. The samples were held ab
temperature for 30 minutes, transferred to the wodge-impact machine, sugjected
to twe blows of the tup, and returned to the bathk for a minimum of ten minutes
before the next cycle, The test was terminated if no cracks developed in a
specimen after 32 blows.

The wedge holder of the wedge-impact machine is constructed to permit
tilting the base to control the tightness of the wedge spiral. Freliminary tests
showed that the number of biows nescessary to break the wedge could be changed
substantially by changing the tightuness of the curl, This variable was controlled
as nearly as possible by setting two stops to control the amount of tilting of
the base and alternating between these stops for each blow of the tup. Even

though all of the wedges were tested under similar conditions, some variation of

the tightness of the curl resulted,

H e |

H P d o AL UL T A m =4
flesults of Wedge-Impact Test

The resulis of the wedge-impact tests are shown in Figure 11 for the
as-cast bars and Figure 12 for the normalized bars, The wedge tests showed an
increasing brittieness of the wedges as the temperature decreases and considerable
improvement resulting from normalizins, However, no difference between the
aluninum~killcd and silicon-killed steels was apparent, The difference in the

notched-bar impact resistance of the two steels as shown by the results of
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standard V-notched Charpy bars is shown in Figure 13. The Charpy bars were made
from the keel blocks pourcd from the same hueats as the wedge castings. The
microstructures of the as-cast and normalized steels are shown in Figure 14,

Ths position of the wedge in the wold is tabulated in Table 5, The
difference in impact resistance of duplicate samples was so great that any
possible influence of the position of the wodge in the mold on the wedge test
results was obscured., The effect of surfacce condition on the results of wedge-
impact tests was investigated by removing the surfaca defects from parc of a
group of wedges cast in the core-sand meld from Heat A-4251 (Table 6).

The wedges were normalized for one hour at 1650°F, followed by a
hydrogen removal treatment of 16 hours at 400°F, Half of the wedges were surface
ground to remove all surface defects, The dimensions of the wedges afler surface
grinding were as follows: 6 inches long, 7/8 inch wide, and tapering from 1/16
inck at the top to 7/8 iuch at the base. The remaining wedges were tested with
cast surfaces for comparison,

Ton wedges {esled with cast surfaces did not break with 30 blows at O°F;
12 wedges having the original cast surface wers tested at -40°F, Three of these
broke after 9, 25, and 26 blows, resnectively, and the remaining 9 did not break
with 30 blows,

Five surface-ground wedges tested at naOOF‘ did not break with 30
blows., The remaining surface ground wedges were tested at -80°F, After the
wedge curl reaches the anvil, repeated blows of the haumer cause the curl to
flatten and unroll., Two of the surface-ground wedges broke at 28 and 30 blows,
respuctively, as a result of this reverse bending action. The remaining ten bars
did not break after 30 blows, :

Silicon-killed hull plate type steel wedgos apparently would not break in
the wedge test when tested at minus BOOF! in the absence of surface or internal

defects,
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Use of Special Cerardic Mclds

A nurber of ceramic molds, made by Alloy kngineering and Casting
Company, were poured from two heats of hull plate type of steel in an attempt
tu obtaln better as-casl wedge Surfacesu

Chemical analysis of the two 200-pound inductioﬁ'furnéce heats were
as follows:

TABLE 6, CHEMICAL COMPOSITION OF STEE. HEATS CAST IN CERAMIC MOIDS

Chiemical Composition, Per Cent

Heat C Mn 81 S P
A-f251 0.23 D47 0,24 0.025 6,019

A~1,252 C.zl 0.50 0.21 0.025 0.018

Three ceramic molds and a 48-wedge core-sand mold were pﬁu}ed from
Heat A-4251. Four céramic_molds and a 50-pound ingot were poured ffém Heat
A-252. '

The wedges from the ceramic molds poured from the first héap contained
surface blows near the small end and in the riser, All of the wedgé éastings
had rough surfaces and many of them showed some hot tearing, The hotipears were
caused by the rigidity of the ceramic mold design which prevented normél con~
traction of the steel while cooling.

The second group of ceramic molds were dried overnight at a tempera-
ture of about 4O00°F., the number of vents were increased from one to four, and
Joints between the parts were seaied with adhesive tape instead of alundum
cement,

No gas blows were visiblg in the wedges made in the second group of
molds poured from Heat A-4252; however, no imprﬁvement in the surface condition

or the tendency to hot tear was obtained,
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The inferior surface condition of the wedzes cast in ceramic molds in
conjunction with the other casting defects made testing of these wedges Im-
practical.

Comparison ©f the Impsct Resistance of Ladle Samples and
Comuercially Holled Plate from the Same Open Hearth Heat

A series of three open hearth heats, made by Carnegie-Illinols steel
Company, were tested to compare the impaet properties of thie small cast ladle
sample hot worked in the laboratory with those of the commercially rolled plate
from the same heat. Data on this seriss of heats are given in Table 7. Heat
26-=450 was a semikilled steel'similar té steeis uSed‘in hutll plate;‘ Heat
19-4~396 was similar to hull plate steel eﬁcept that the heat was killed with
silicon, Heat 19-M-390 had a chemical anaiysis similar to semikilled hull plate
steel bubt was completely killed with both silicon and aluminua, These heats were
selected because the impact resistance should increase progressively from the
semikilled to silicon-killed to silicon—aluminumrkilled steel.

A relatively small aluminum addition is normalily mads to the ingot
while teeming ingots from semikilled steel, The effect of this aiuminum addition
on the impact properties of ladle samples was determined by taking samples |
directly from the ladle and by dipping a samp;e from the top of the ingot mold,
A1 samples of killed steels were taken direcﬁly from the ladle since no additions
to the ingot were mads.

Two ladle samples were taken after pouring both the first and second
ingot of each heat, The steel samples taken in a standard sample spoon were cast
as one-inch squares six inches long in a split cast iron mold. The risers were
cut from these samples and steel sheocts weré welded over the ends of the semi-
killed ladle samples to prevent excessive pxidation of the voids while heating
for roiling, The cast samples were rolled in the laboratory to 0.705 inch square

bar at 2200°F, followed by a final reduction from 0,705 inch to 0,510 inch square



TABLE 7. DATA ON OPEN HEARTH LADLE AID PLATE SAMPLES
MADE BY CARNEQIE-ILLINOIS STEEL CCMPANY

Plate Finish Size of
: iadle Analysis, %(3) nolling,Temp., Location Flate
Heat ! Number &Egg&_Type C Mn P S Si Ti of Plate Sample, Inches
26-36-45081) Semikilled 0.2 0,47 0.012  0.033 - 1766 First Ingot 3/h x 28 x 28
1739 Second Ingot 1/2 x 28 x 28
19--M-396 Silicen killed ©0.20 0,70 0.016 0,027 0,18 1818 First Ingot 3/4 x 28 x 28
’ ' 1725 First Ingot 1/2 x 28 x 28
19-1-390 ‘silicon-aluminum O.17 0.66 0.019 0,029 0.20 1753 First Ingot 3/L x 28 x 28
‘ rilled 1739 First Ingot 1/2 x 28 x 26
(i) Ladle samples taken both from the ladle and dipped from the first two ingot molds,
ladle samples taiken from the ladle only for the other two heats,
{?) Optical pyrometer temperature,
{(3) Aluminum additions were as follows:

Heat 26~0-450 - 0,75 pound per ton to the ladle.
0.54 pound per ton to the ingot, average.
0.50 pound per ton to the ladle.

© Ne aluminum added to the ingot.
2.70 pounds per ton tao the ladle.

Neo aluminum added to the ingot.

Heat 19-M-396 -~

Heat 19-M-390 =

- 8T -



bar at 1800°F. and air cooled,

Standard V-notched Charpy bars having a notch root radius of 0,010
inch were machined from the bars rolled from ladle samples as well as the plate
produced from the same heats., All bars were cut in the longitudinal direction.
The plate samples, however, were notched perpendicular to the plate swrface while
the ladle samples obviously were notched parallel to the bar surface. The impact
bars were maintained at the desired testing ‘emperature in an acetone bath for a
minimum of fifteen minutes and broken immediately in a 220-foot-pound Riehle
impact machine, The temperature of the bath was adjusted to compensate for the
small temperature change obtained while transferring the sample from the bath te
the impact machine.

The results of the impact tests are shown graphically in Figures 15
to 20, inclusive. Figures 15 and 16 show the resulis obtained on the semikilled
steel for the first and second ingot, respectively, Curves in these figures for
samples dipped from the two ingot molds and the ladle sample from the second
ingot are quite similar and have values above those of the comparable plate samples
PC 11 and PC 12, The impact resistance of the 1/2-inch plate sample, shown in
Figure 16, is somewhat higher than that of the 3/4-inch plate, see Figure 15.

The impact values obtained on the ladle samples from the silicon-killed
steel, Figuresl7 and 18, are much alike and considerably'higher‘than those for
the ladle samples fram the semi~killed steel shown in Figures 15 and 16. The

: 1 Tat+
impact values of the plate

those of plate samples fram the semi~killed steel, There was very little differ-
ence between the impact resistance of the 1/2-inch and 3/h~inch plate from the
silicon-killed steel,

The impact valucs obtained on the ladle samples from the fyully killed

steel, Figures 19 and 20, are similar to each other, and in general are much
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higher than the values obtained from the silicon-killed ladle samples. The
plate samples of fully kilied stecl had impact valucs considerably lower than
those of the companion ladle samples but had higher values than the samples of
silicon-killed plate, as is illustrated by Figurces 17 and 18, The 1/2-inch plate
from the silicon-aluminum~killud (fully killed) steel shown in Figure 19 had a
higher impact resistance than the 3/A-inch plate from the same heat, Figure 20,

Notched~bar impact values obtained from these Carnegic-Illinois plate
samples and matching ladle samples indicate that both properly classify the
steels with respect to the deoxidation practice used. {pwever, the actual values
dﬁtained from the ladle samples are considcrably higher than those for corres-
ponding plate samples. This veriation in impact values could be the result of
notch position relative to the rolling direction or to solidification rate and
roiling conditions, pérticularly finish rolling temperature and subsequent
cocling rate. A comparison of the microstructure of the commercilally rolled plate
énd ladle samples, Figure 25, shows the latter to have a finer grain structure
than the commercial plate and may partially account for the higﬁer impact values.

A series of cast ladle samples and rolled plate were also obtained from
four semikilled open hearth steel heats made by the Jones and Laﬁghlin Steel
Corporation, Data on these samples are listed in Table 8, Apparently an éluminum
addition was made to the ladie samples for the residual aluminum in twe heats
was appreciable, as is shown in Table 8. Furthermore, ladle samples fram all
four heats were sound indieating that they had been killed. This addition
altered the normal impact resistance and prevented making a true compariscn with
the plate samples.

Standard V-notched Charpy bars were made from the plates and tested
using the same procedurc as was used for the Carnegie-Illinois plates. The

impact values obtained on a 1/2-inch plate from the first ingot of Heat 323123,
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Figure 21, were much the samc as those obtained on the similar plate of Carnegie-
Illinois steel shown in Figure 16, The impact values of plate from the second
and third ingots were slightly lower than values of plate from the first ingot.
The impact resistance of the plate from the fipst ingot of Heat 123171; Figure 22,
is quite similar to plate from Cernégie-Illincois steel, Figuré 16, Impact
values of plate, from the second and third ingots were somewhat lower than from
the first ingot.
‘ The impact resistance of the plate from semikilled Heat 154930 made
from scrap, Figure 23, is abouﬁ equal to similar platcs made by the duplex .
method, Figures 22 and 24, but is slightly lower than a similar duplex heét
shown in Figure 21.

The impact values of Heat 132889, Figure 24, werc lower than any -of
the values for plates cut from similar ingots of other semikilled steels., A .
marked decrease in thc impact values was shown betwgen +the first aﬁd Jast ingots

tested,

The object of this research was to deﬁelop a tost that would disﬁinguish
between sérviééable and unsatisfactory huli blate steel by tests conducted on
lébofatbryasize samﬁles taken during the teeming of ﬁhé heat of'steéi;' |

| No méthod of casting sound tést specimens from semikiiled étéélsié
known, Smail siiicon additions and several casting methods were inveétigate& |
to determine théif-effect on the soundness of cast stéel sanples, Steel'con;
taining 0,10 per cent silicon was sound when cast into a copper chill mold or
centrifugally cast, Léwef silicon steels could not belcast souﬁﬁ; The impact
resistance of V-notched round impact bars made from steel containing 0.10 pér

cent silicon was significantly better than that of the low-silicon steel, The
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"killed with silicon

TABLE.B;' DATA ON OPEN HEARTH LADLE SAMPLUS AND ROLLED PLATE FROM
JONES AND LAUGHLIN STEEL CORPCRATION
- - aluminum Plate
. Analysis, %(1) Plate Finish  Sample
Heat Ladle Analysis, & Uast  dolled Aolling Temp. Size,
Numberp - - Practice C Mn P S vample Plate OF, ~ Inches
123123~ Duplex, semikilled 0.22  0.47 0.011 0.028 0.04 0,02 1900-1930  i/2xiz2x12
g : with silicon

123171 Ditto 0,21 0.53 0,006 0.025 0.15  0.02 1850-1900  1/2x12x12
. 5/8x12x12
132889 - " 0.20 O.4h  0.02L 0.026 - - 1890-1900  1/2x12x12
154930 Serap charge. Semi- 0,19 0.34 0.C10 0.026 - - 1840 1/2x12x32

;1(1)1 Battelle analysis.
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exeprimental data indicatc that samples having impact resistance qu%valent to
semikilled steel caunot be cast sound. | :

The sensitivity of the Walker wedécmimpﬁct test was_invesgigated by
comparing the impact resistance o7 a silicon-killed steel and a Sil;ﬁan—
aluminun-killed steel. The wedge;impaub test was not sufficiently sensitive
to distinguish between the two steéls. A Jifference in notch—sonsiﬁivity between
the same two stecls was shown by siandard Charpy tests.,

An attempt to produce better wedge surfaces by casting into a ceramic
mold resulted in inferior cast suffacesu The removal of the cast surface from
wedges cast in core sand resulted in a substantial lowering of the temperature
at which breakage woul& occur in tiie wedge test,

A compariscn of notched-bar ilmpact values for cast ladle samples ob-
tained cn the open hearth floor and hot worked in the lahoratory and fori
commercially rclled plate samples from the same ingot was made, Correlaticn of
the notched-bar impact resistance with the deoxidation practice was obtained
ifrom both the plate and ladle samples, These tests vérify'the results obtained
on laboratory steels which showed that smsll hot-worked ladle samples will
distinguish reilatively large differences in the quality of hull blate steal as
cvaluated by standard notched-bar impact tests, This test consists of pouring
a2 small sample from the Qpenmhearth ladle, hot working the sample by rblling
to about 9/lé-inch-square bar, being careful to maintain a finish rolling
temperature between 1600°F, and lBOOOF., and testing as standard notched-bar
impact specimens over a suitable range of temperature, The hot working oper-
ation produced sound test specimens from unkillcd; low-silicon steels.

To distinguish more subtle differences in hull plate steel quality,
prestraining and aging of the notched-bar impact specimens before tosting might

prove desirable,
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CONCLISTONS
The minimum silicon content in a hull plate type of steel thet will
give a sound chill cast or centrifugally cast wedge sample is abont 0,10 per

cent.

silicon is better than that for lower silicen steels; therefore, a silicon
addition could not be used to perinit casting of sound as-cast test specimens
without altering, somewhat, the low-tempuraturce notch-bar test results,

The Walker wedge~impa ot test 1s not sufficiently sensitive to distin-
guish differences in impact resistance of steels which can be separated readily
by notched-bar impact tests,

Large differences in the notched-bar impact resistance of rolled
plate that result from differences in deoxidation practice can be predicted
readily by testing hot-worked ladie samples from the heats in question, Addi-
tional experimental work would be necessary to dotermine whether relatively
small differences in the notched-bar propertics of scmikilled stecl plate Qould

be predicted from tests of the ladle samples.

Y e nitony

RECOMENDATIONS

A test of ladle samples that were hot worked under favorable conditions
to produce sound specimens would furnish valuable data on the intrinsic notched-
bar impact resistance that could be obtained from a particular heat of steel,
but could nct be expceted to show variations resulting from unfavorable con-
ditions intreoduced during rolling or other parts of the fabrication treatment.

Although the type of test discussed in this report will possibly per-
mit acceptance or rejoction of steels intended for hull plate, the operating
personnel of steel mills contend that steel pourcd intec the large flat molds,

normally used in hull plate production, cannot be diverted to other uses in
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time of emcrgency. Therefore, an investigation of the fundamental causes of
variatien in the notchud-bar ‘impact resistance of'scmikilled. steel folluwed
by correctiens, if pessible, of these causes would greatly -benefit bC‘:tf’l the
procducers and consumers of this type prod.uct.

(Data from which this report, ‘was written are recorded in
B,M.I. Hotcbook No. 2756)

JAD:SAH:CTG:CHL: 3
August 30, 1948



