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A simple but r’eliabl.emethod for evaluat@ the notch sensitiviby of

hull plate steel before the steel L.s been rolled into plate was soug~:t.

Tests made on cast ladle semples from open hearth heats verified t!]e

results obtained on laboratory steels which showed tilats.maQ hot-worked ladle

samples will distinguish relatively ;arge chffererice.sin the notched-bar impact

resistance of hull plate steels. Correlation between the deoxidation practice

and the uotched-har impact properties was o)biaincdfor “Uoththe co.mrerci,ally

rolled plate and ‘tl,e ijot-worked ladle ssrrrpl~salthouf;hthe actual impact values

for the ladle samples were higher than for tileplate samples.

The ‘Walker‘“!edge-impacttest was investi;jatedas a possible metl,odfor

evaluatirrgthe quality of hull plate steel on sample,spoured from tk .!urnace or

ladle.

The initial e:xperimsutalwork was directed tot~ardsthe ,Productionof

sound wedge-impact test castings of hull plate steel rmriysi,s. It was found

that either by centrifugal casting into a Mcxl core-s:~ndmolu or hy static

casting into a copper chill mold, souredwedge saiiplescould ‘becas~ from hull..

plate type steel when the silicon content was raised to 0.10 per cent,. A much

higher 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 siliccn was found.

Hull plate type steel containing 0.10 per cent silicon had higher

notch-bar impact resistance than steels containing O.Oi to 0.03 per cent silicon.

It a,ppears that the addition of silicon required to obtain souredwedge test

castings would change t!]eimpact resistance of the SSOIP1OStaken from low-silicon

hull plate steel melts. No simple mdhod of s.llotiingfor this difi’erenceis



evident.

The “.ialkerwedge test was not sufficiently sensj.tiveto distir!.~~uish

a difference in impact resistance between an ~aluminuir,-killedS:eel and a

silicon-killedsteel when each ws either in the as–cast or normalized coa-

dition, Notched-bar impact tests showed au appreciable difference in the

impact resistance of these two ~~eels. Nhen the as-cast sl.u’facewas removed

by griurli!g,normalized wedges free from defects failed t~)break at a testing

temperature of minus 80°F,
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Thc object of this investi~:ationwas to develop a fairly simple but

reliable method of (;valuattilgthe quality of hl.~11ste01 before the steel was

rolled into plate, Various testiu~ procedures such as the spirai”fluidit;r test,

and ha.rdenabilitytest, are being used tO deterfine a partic~ar” steel.

teristic “beforethe steel is tapped.

TII>service performance of

notch-toughnoss characteristics. An

hull plate steel is a function of

indication oi the notch toughness

charac-

its

of steels

can be readily obtained by making standard notched-bar impact tests over a

suitable range of temperatures. Tl)isrelatively simplo approach tc the problem.

of determining quality of MLl steel bccomcs complica~eclby the f’uctthat no

method is known th:]twill give sound cast t]st specincns from semikilld steel

of the type used in hull plate.
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The [;otchsensitivity of’sej,]ikillcd lNKILplate steel o: Grade

known to depend t~ a 1arge extent on the fo].lowin{jfactors:

M compO-

1. Deotidation practice.

2. Temperat are of hot rolling or

3. Rate of cooling following hot

noxmalizimg,

rolling or normalizing.

4. Susceptibility to strain aging.

;~hileonly the first and fourth o: these factors are determined by

sted.making practices, it is necessary to evaluate the effect of these factors

before t!qesignificance

in terms related to the

To accomplish

of a test made on a cast sample can bo

rolled plake.

the purpose of’developing a test which

prop(~rlyevaluated

will shw.~the

quality differences between heats of semiskilledhull plate steel.,it was neces-

sary ‘toovercome three problems:

centained

1. Produce good- and poor-qua].ikysteel to !Itcstthe tcstl!.

This canbe done by varying the cleoxidationpractice.

2. Obtain sound test samples.

3. Investigate all variables in processiu~ the plate that,may have

a direct relationship to the notch toughness of the finished plate.

Tne first progress report,,dated b,ay28, 1947 and designated as SSC-12,

data on the comparison of high- and law-silicon steels with and without

aluminum deo.xidation, Notched-bar impact values of silicon-killWI steels were

similar to silicon-aluminum--killedsteels in the as-cast state. Normdi zing

within a suitable temperatwe range developed ~ msrked superiority of aluminum-

silicon-lci.lledsteel over a si].icon-killeds‘beel. A superiority of hot-worked

aluminum-kiil.eclstee1 over hot-worked silicon-kiU ed stee1 occurred only when

the finish rolling temperature was held within the temperature range of 1600°F

to 18000F. Strain aging after rolling at this finishing temperature further
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increased the difference in tl,;r]ol.ch,:(l-)oarimotictresistance of alamj.num-l<illed

steel over silicon-!:illed steel. Notched-bdr bend t~sts mode cn the sam steel

did not

steel.

heat of

appear to offm arw advantasxs over nob:hed-bm impzct Lesting.

A testin{;procsd.urewas pro.nosedtc p.edict the qualit~ of hull plate

This test consisted of casting a on~.iuch-round bar from ttw ladle of a

hull pl:itesteel, hot rolling tlms bar to about 9i’M-inch square at a

temperature currcsponding to the Jmi.11plate rolling plsctice, strain aging, and

testing as notchtid-barimpact

An invcstig:ltionof

test for hull plate steel was

Navy Deplrtrmnt. This report

SpWimeils.

the Iialkerwedg~-impact test as a possible quality

an object of the original program req~leshed by the

summari~zes

the suitability of th~ wedge-imps.cttest

The Walker wedge tost has been

experimental work inkmded to &ral.uate

for the purpose.

used in the mallccblc iron industry as

a measure of impact resistance of malli?abl~iron after annesling. The test

specimen used is a wedge 6 inches lon~j 1 inch wid.c, and tapered from 1./’2i~lch

thick at the base to 1,/16thinch,thick at tl,uto,p. The thin edge of the wedge

is bent

machine

S1.fgh%l.Ybefore tbstint,

The test is carried out

and repeatedly dropping a

by placing tihewed~c

21-pound tup, from a,

the titinedge of the wedge. Repeated blows of the tup

specimen in ‘atcsting

height of 40 inches, on

cause the wedge to curl

into a spiral. The tightness of the spiral is centrolled by lateral adjustment

of the auvil holding th~ sample. The sample is subjected to repeated blows of

the tup until failure occurs or until tl,esample has wi~hstood a speci.ficdnumtber

of blows.

A prcl.iminaryinvestigation of th,~wed~e test was repor~ed in the first

progre3s report, WC-12.
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This test ruquires tileusc of sound as-cd,..‘t spcc;mons and prciiminary

work, thcrefor-e,was done in [anat.tmnpt to produce sound wed.!;ecasti~qs without

changing the impact,resistance of th; b~sc steel.

This report inchides the exporimenta].do.taobtainoi cm (1) tb.eattempts

made to cast a sound test s.amiplefrom semiki.1].cd steu].; (2) an fire.stifption of

the effect of s~i]alladditions of siii.con on the soundm:;ssar,dimp:.ctresist:>nce

of hull plate steel; (j) the uvsluation of t}]::wedge-fipaet test as a possible

method of deturminirr,gquality of ste~~ls; and.(L) b!lccomparison of thc imyact

resistance of hot-v,orked l.~dlesamples and commerci~~..lly rolled plaLc from the

seineopen h~art,hsteel beds.

Effeet of Silicon Content and W stin, kcthod———- .—.— ,——.— ___ -—.,......-.___
on $0undrmss o-f~~e~~,:~:agle5— .—.. —-- —.

A series of 25-pound induction furnace stec1 heats was made t0 cletormine

the minimum siiicon conixmt necessary to prod!.lccso:m~ test,specim~ns. A chiLl-

cast wedge sanple, S.onc-mch-diameter 10Y&C...inch.sample centrifugally caJ.

.into ba’kcdcore sand, and a o:]e-inch.-diamater by six-inch sample that was poured

ifltoa baked core-rend mold whiciiwas jolted during the solidificationperiod,

wure poured from each heat. ‘Thechill-cast sa.mplcuas poured into tkLGcopper

mold shown in Fi<ure 1. Thu jolted s2mplJ was poured in~o a baked core-sand

mold and joltmd violentiy on the table of a moliing rrrac!-iimumtil solidification

WaS complete. The cer,ti;ifuga].lycaSt sai@e Wa,spoured fito a ba,ked core-sand

mold Spinning at 275 r’.p.m, Thtimiuimum distanco of the sample from the center

of rotation Wcassix inclms.
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. 1

FIGURE 1. COPPER CHILL MOLD FOR WEDGE TEST CASTINGS
0-7075
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Fksults of these tests mw summarized in Table 1.

TABLE 1. EFFECT OF CASTING CONDITIONS MJ2 SILICON CONTENT ON
THE SOUNI)NM’SOF hlT.7,PLATE STfiES.

——. — —————--..--.——————, ..—. ——-. —.. —.—

Analysis, % Sounclness

Heat ‘———Cl&l Si —— .————-— —.——
s P- Jolted Chill.Cast c=l-f-~——— ——. ——-——-—. ——— —,,,,

A-3856 0.24 O.&j 0..10 0.029 0.022 Porous Sound Sour,d

A-3867 0.15 0.38 0.01 0.032 0.021 Porous Porous P@YOus

A-3868 0,27 0./+7 0,01 0:031 04022 Porous Porous Porous

—. —.. ————. —.—...—.— — .—— ——— —..__,.

( see

* 275 r.P.m.

Following these tests, a wedge mold for centrifugal casting was macle

Figure 2) and tinespeed of the centrifugal.casting machine was increased

to 350 r,p,,m, i second series of castill):swas ‘Lhcrimade with the resul.tsshown

in Table 2.

TA,W2 2. COMPiUIISONOF THI SOUNZIJESSOF CIIILL-CAST
ANC CEM’RIFUGALLY CAST SIWIKILI.EDS’iT,EL

..— —__, _,.__,___—— ————— ,— —,.—____

Analyses, ~ Soundness

—.——
lieat c

——.
Ml si—

———.
Chill Cast Ceritrifuged”—.

A-I+U+9 0.28 0.)+6 0.04 Porous blight porosity

A-1+150 0.22 0.49 0.02 Porous Slight porosity

A-411+8 0,21 0.46 0.O1 Porous Moderate porosity

.——______ .——. _—.. —.— __ ——. -.._,—.
* 350 r.p.m.
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Figures

samples descrik-d

}!-

s am /} ShOW photographs of :cngitudinal sectiOns Of the

Theso tests indicate th.?tsc,undtest bars can be cast

cent silicon hull plate tjpe of steel ci.th~rin a chill mold or

methods. Test castings conbaini.ngmuch less than 0.1.0pm cent

from a 0.10 per

by centrifugal

silicon were riot

scmnd. However, the.ccntrifugally cast samples

cast samples, ‘Dotilwith respect to porosity ard

centrifugal force r,i<ltresult in sound samples

su.r.fticcappe~rance. A v~~j~ high

cast frorrrst,eels containing less

than 0.10 per cent silicon, buk the mtitalpenetration of

higher pressures would rusultiin e.very rough surface.

bhe sand mold at t.hc

Effoct of Small Silicon Additicns on Impact Resistance— .——.—. _. ——, —

Since the minimum silicon content that wouid result in a sound cast

wedge sample was about 0.10 per cent, it was Iwces.sary to determine the effect

of this amount of si?,icon on the impacb resistance of hull pldt.etype of steels.

i series of 100-pound induction furnace hull plat,etype steel heats

was made with intended silicon contents of 0.01

out an aluminum addibion of six pounds per ton.

bars poured in core-sand molds and one 50-pounu

and 0,10 per cent with and with-

Ligkt 1-1,)8x 1-1/6 X 6-inch

chi~-Ca SL ingot wore o’btdrmd

from each h~at, The ehcmical compositions of these heats were as follows:

~~~~ 3“ COiiPGSITIONOF STZELS WED ‘TuINV% TIMTE ‘TFDI
PJ?FZC’TOF DEOXIDIZERS ON INiPACTRESISTA!~GE

.——. ——. —. .——.

‘-Code
.———

Heat Analyses, $
Number Number C Mn cSiO, P——. Aluminum Added—.— —.—

0 A-3926 0.20 0,57 0,,~ 0.027 0.028 b pounds per ton

T 4.-3928 0.21 0.50 0’01 0“028 0.033 6 pounds per ton

N A-3925 0.22 O.M 0.11 0.035 0,028 None

P A-3927 0,.22 0.&6 0.01 0,030 0.032 None

L A-3929 0925 0.51 0.03 0.026 0.028 None

——_— —





-i,:)_

kitigureb.
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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 roiled to O.67o inch squares. Th3 rolled

bars were machined to 0.500 inch-diameter by 2,00 inch notched bars (as dsscribed

in the first Progress Report). The notch in these bars was 0,.050inch deep, had

a ~}5°included angle, and a root radius of 0,005 inch.

A comparison of the 0.01 ~nd O.1O per cent W.icon , aluminumkilled steel

is given in Fig. 5. NO ~ignifimn~ clifference is a:>parentin the aluminum-killed

steels test,edas round impact bars. A comparison of high - (0.11 per cent

silicon) and low - (O.01-0.03 per cent silicon) silicon steels without the addi-

tion of other deoxidizers is shown in Figu?e 6, ‘ihenotched-bar impact values

for the 0.11 per cent silicon steel are somewhat better tl,.anthose for the 0,.01

and 0.03 per cent silicon steel.

A comparison of the standard V-notched Charpy values fcr these same

steels is shown in.Figure 7. The very ~jighvalues cbtained above the transition

temperature of the a.uminum-killed steels appeared to be caused by laminations

in the steel.

Proccdure for kakin~ Samples for tineVa.lkerWedge Test—— ..—-. ,——_, -—_ -,.

Sound test wedges could not be made from semilcilleclI,lW.plate steel.

It was, therefore, decided to check the sensitivity of the wedge-impact test by

comparing steels with sufficient amounts of silicon to give sound castings in dry

sand molds. Since it i.swell.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 tk,esesections, with eight wedges per
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section,made a

wedges vertical

- 1’1-

mold containing 1.~8wedljes. ,4preliminary test po,med wi~h the

resulbeclin misruns of some of the wedges, All.experi.rnenta].

wedges were then poured with the wedges horiz.o~]taljwhich proved quite satis-

factory and gave sound wedges with ~zoorl:urface aix3dimensional accuracy.

Two 250-pound induction furnace steel heats were made for the wedge-

irnpacttest evaluation. TWO molds of 1+8wedges each and two double-leg keel

blocks were poured from each heat. Tilechemi.ca].compositions of the two heats

were as follow.s:

‘r/’Lam 1+. CHEMICAL COMPOSITION C? S’TEELSTESTED
IN THE WALF3?J1\;ED@!TEST

— ..—— —.——— . _____——— .——. — ,—.___—. —... — ..——

Heat AnQrsis, %
Number ‘—”-C bin Si s P Aluminum Added—.—. —

A-14051+ 0.23 0.53 0,26 0.029 0.021 4 pounds per ton

A-4068 0.25 0.57 0,,27 0,029 0.023 v.one
——. — —._-—_— —__ —- —____,___

One-half of the wedges and one

ized at 1650°F, All wed~es were given a

at 400°F.

keel block from each steel were normal-

hydroge:]removal treat,~er]tof 16 hours

Testing Procedure Used in Testinp the .Impa,ctRes~stance of l;edge~-— —,—. —

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

machine was built from drawings supplied by hr, l,a,nsing.‘Themachine drops

a tup, weighin~ 21 pounds,

foot-pounds.

The wedge sample

tapering in thicicnessfrom

thin edge of the wedge was

from

(see

a hei{:htof 3-1/3 feet to give an irrpactof 70

Figure 2) ‘wasa bar 6 inches long by 1 inch vr~.de,

1/2 inch at the base to 1/16 inch at the top. The

given a startin~ CUX1 by bending the wedge through am

angle of 1+5° around a 1/2 inch-diaeter bar.
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53%6

Figure M. Yiedge-Impact Machine
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The wedges were brou~h~ to temperature in a water bath for the tests

at 70°F. and 210°F, and in an aceione bath, maintained at temperature wi.::hd.ry

ice, for the tests conducted at OCF., -LO%’., anid-80°1. lixperfi~len:alwork on

a previous project established, by thermocouple measurements, a temperature rise

of 3.5°F, in the 4 seeo.ndsrequired to transfer a specim,enfrom a bath a% -35°F.

to the specimen holder and to drop the tup, Actual bath te,mperatures were main-

tai,ledat -Si°F., -MOF., -3°F<, 70°F,,,and Z12°F. The samples were held at

temperature for 30 minutes, transferred t:)the wedge-inpact machine, sugjetted

to two blows of the Lup, a:ldreturned to tl]ebail.:for .sminimum 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-irqmct machine is constructed to permit

tilting the base to control.the tightness of the wedge spiral, Preliminary tests

showed that the nm”ber of blows necessary to break the wc?dgecould bc chanJed

substantiallyby changing the tightness 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 alternatin& between these stops Tor each blm of the tup. L%en

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

the tightness of the curl resulted,

Hesul.tsof Wedge-Impact Test—. .—

The results of the wedge-impact tests are shown in Figure 11 for the

as-cast bars and Figure 12 for the normalized bars, ‘Thewedge tests showed an

increasing brittleness of the wedges as the temperature decreases and considerable

improv~ment resuiting from normalizin!;. ~iOW~V~~, no difference between the

aluminum-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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8L
WEDGES AS CAST

=

WEDGES AS CAST

TESTING TEMI? -40” F, TESTING TEMP - O“F.
V-)7
Y ‘Al KILLED ‘Si KILLED

=1
-Al KILLED = Si KILLED

NUM8ER OF BLOWS NUMBER OF BLOWS

FIGURE 11. COMPARISON OF THE WEDGE- IMPACT RESISTANCE OF A

SILICON-KILLED STEEL WITH A SILICON-ALUMINUM KILLED
STEEL. WEDGES TEST IN THE AS CAST CONDITION.

0-7025
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standard V-notched Cha.rpybars is shown in Fig,ui”e13. The Charpy bars were made

from the keel blocks poured fr-omtk,esame beats as tclewedge cast~Qgs. The

n,icrostructuresof the as-cast and normalized steels a:reshown ~.nF@l.re 14.

The posit,ion of the wed[;eti,tb.cMold is tabulated in ‘Tab].,:5. ‘We

difference in impa~t resistance of duplicate samples was so great tl,atany

pcssibl.einfluence of the positj.onof tk,ew dgc in th(:mold on the wwi~e test

results was obscured. The effect of surface condition on the results of wcdge-

i,mpacttests was investi~atcd by removing the surfaca defects from part of a

group of wedges cast in the core-sar,dmold from Heat A-f+251(Table 6).,

The wedges were normalized for onu hour at 1650°F. followed by a

hydrogen removal treatment of 16 hours at 400°F. Half of the wedges were surface

ground to rememe all surface defects. The dimensions of the wedges after surface

grinding were as follows: 6 inches long, 7/8 inch wide, and tapering from 1,/16

inch at the top to 7/8 inch at the base. The remaining wedges were tested with

cast surfaces for comparison<

T& wed,~~stested with cast su.rfz.cesdid not break with 3.0blows at O°F;

12 wedges having the orig;.nalcast surface wero tested at -400Fo Three of these

broke after 9, 25, and 26 ‘O1OWS,respcctivcly, antithe remaining Y did noL break

with 30 blows.

Five surface-groundwedges tested at -l+OOF.did not break with 30

blows. The remaining surface ground wedges were tested at -GO°F. Mter the

wedge curl reaches the anvil, repeated blows of the ha,r,mercause the curl to

flatten and unroll,. Two of the surface-groundwedges “brokeat 28 and ~0 blows,

resp~ctively, as a result of this reverse bending action. The remaining ten bars

did not break aft.x-3b blows.

Silicon-killed hull plate type steel..wedg.!sapparently would not break in

the wedge test when tested at minus 80°F, in the absence of surface or internal

defects.
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Figure 14. !4icrostructure of an as-cast and
normalized steel used in the wedge

hst.
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i)iStdnCE

~—— -..

from L,2?,,er(TG~ A)
~ .—_-—.— .—— —

Sprue ii E c D E -.--
-..— .——_—_. _..——_.. ..—. — F.—-—.—..-—.-—..————-————— Test Condi.t~ons

1
2

:

~~ +

32:-, 32+

32+

32+
32+, 32+

3~.+

.-

3C+,30+

3C+,30+

20,3~+

30+,3w
32+ ,32

32+
3ot,30t

32+

.

7,3C+

3C+130E

y3t,3w

3+

2,29

25,30+

27

13 ,30t
:?2+

16

30+,30+
y+

3&,32+
15,’21

11,32+
2,32+

32+,16
32+, ~6

--

12,25
2,30+,30+

mt,~w
x!+

I;ormalized
Testing temperature, 70°F
Aluminum killed

.

Normalized
.Testingtemperature, 7QCF
Silicon killed

Nor@i zed
Testing temperature, O’>F
Aluminum killed

.

Nc?nmlized
Testing temperature,-@F;

Silicon killed

Normalized
Testing temperature, -40°’F

Aluminum killed

No~.aliZ,ed
Testing temperature, -@°F
Silicon killed

.—— —..



. TABLE 5 (Continuecl)

—..—. —. . . —.—— .—._—.. ——
Dis?.xrxe
From 1:i?:-~.~xgp...~j.-,-_,.__. ._,.-,._.,....—— -....-,— -........
sWl&___..(~.._,_E_,_ ......._.__i.. .. ,- ~) ______ E F ~@~_CQ~~ditions

Ko:mz.li:zed ,.
Testing temptirat~e,,-8001’.
A1.iminumkiiled “‘

5,11 -
5

Normalized
Testing temperature,,-80CF.
Silicon killed

1
2 2 6

3 g ,,:2 ,i:? 1 2
1,

As cast
Testing temperature, -40°F, ‘
Aluminum killed \y

.
1

.&scast
Testir,gtemperature, -40°F.
Silicon killed

1
1,1

1
2

:
1,2

1.1

1 2>5

5,;8

4

As cast
‘Testi~~gtomperat~e,. o*F
Aiuminum killed

.

~

13,1.0
2 13,8

-.

6

.4

1
2

:

As cast

Testing temperature, O°F.
Silicon killed

3,5”

14,2cJ
3,10 6

7,6
1,1 17,1

.—— —



TABLE 5 (Continued)

——= .——— —... —-. —..
Distawe

——.—.—

From .— $WL@?—#l—
Sprue --’7 B E—.: ~.-.—— F— Test Condition~.—. ——c ——.. ..—

9,2
4,3~

As cast
Testing temperature, 70%’
Aluminum killed

10,1.4 1,11

1
2
3

As cast
Testing temperature, 70°F
Silicon killed

.4

26,28 32+,32+ 30,23

114

30.,3(JI 3ot,30t
32+

As cast

Testing temperature, 210C
Aluminum killed

32+

32+ 1

1
2

30t ,26 30+,30t 3ot,30t 30+,20 As cast
Testing t.amperature,210°
Silicon killed3

L
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Use of Special.Cerar.icMolds—— .—.—— ,—

A number of ceramic molds, made by iLLloyEngineering and Cas’:ing

Company, were poured from two heats of htillplate type of steel in an attempt

to obtain better as-cast wedge sc.-.faces.

ChemicaL analysis of the t~o 200-.p~urrclinduction furn’aceheqts were
,.,

as follows:

TABLE 6, CHEMCAL COl;iP051’TIO?i0? STEE. KEATS CAST ~N CMMMIC MOLDS

—-._—..—...-—.—— —__.. _—.. _____—.—— —. —,- ——,—
Chemlcal Composition, F& “C-e7t-”

Heat
—.—.—..——.
c

.-— —
Mn Si s P—- ——. —— ——— —

A-k251 Or,23 .0.1+7 0.24 0.025 0,019

A-1+252 0,?1 0.50 0.21 0.025 0.018

——. -... —— ——- ———.~_ —“,-—

Three ceramic molds and a 48-wedge core-sand mold were pouked from

Heat A-4251. Four ceramic molds and ,a 50-pound im~ot were poured frbm Heat

A-4252.

The wedges from the ceramic molds poured from the first heat contained

surface blows near the small end and in the riser. All of the wedge castings

had rough surfaces and marryof them ehowed some hot.tearing. The hot ‘tea-swere

caused by the rigidity of the ceremic mold design which prevented normal con-

traction of the stsel while cooling.

The second group of cera.micmolds were dried overnight at a tempera-

ture of about 400°F., the noinberof vents were increased from one to four, and

joints between the parts were sealed with adhesive tape instead of alundum

cement.

No gas blows were visibl~ in the wedges made in the

molds poured from Heat A-4252; however, no improvement in the

or the tendency to hot tear was obtained.

second group of

surface condition
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The inferior surface condition of the

conjunction with tileother casti~g defects made

practical.

wedges cast in cersmic molds in

testing of these wedges ~.m-

Compmison of the Impact Resistance of Ladle SSmPles an%-—
Co~,erciaQ Rolled ?late from the ,SsmeOpen Hearth Hea~

A series of three open hearth heats, made by Carnegie-Illinois bteel

Company, were tested to compare the impact properties ofthe small cast ladle

sample hot worked in the laboratory with those of the commercial.lyrolled plate

from the same heat. Data on tkiisseries of heats are given in Table 7. Heat

26-M-450 was a serrrikilledsteel similar to steels used in hull plate. Heat

19-k&396 was similar to hull.piate steel ekcept that the heat was killed with

silicon. Heat 19-W390 had a chemical analysis similar to s“emikillrxl hull plate

steel but was completely killed with both silicon and aluminum. These heats were

selected because the impact resistance should increase progressively from the

semikil.ledto silicon-killedto silicon-aluminum-killedsteel.

A relatively small aluminum addition is normally made to the ingot

while teeming in,gotsfrom semiskilledsteel, The effect of this aluminum addition

on the impact properties of ladle samples was,determined by taking samples

directly from the ladle and by dipping a sarp}e from the top of

All samples of killed steels were taken directly from the ladle

tl,eingot mold.

since no additions

to the ingot were made,

Two ladle

ingot of each heat.

as one–inch squares

samples were taken after pouring both the first and second

The steel samples taken in a standard sample spoon were cast

six inches long in a split cast iron mold. The risers were

cut from these samples and steel sheets were welded over the ends of the semi-

kil.ledladle ssmples to prevent exceseive oxidation of the voids while heating

for rolling. ‘Thecast,ssmples were rolled in the laboratory to 0.705 inch square

bar at 22000F, fouowbd by a final reduction from 0.705 inch to 0.510 inch square



,.

TABLE 7. DATA ON OPEN HEARTH LADLE ANO PLATi SAMPLES
MADE BY CA?JWWZ-ILLTJVOIS STEEL Cm@MJY

—. —.-— .—..—-- .—. .--- —.— ————. .—. .—-.. ——— ——— —..— — --- .-—-— .——

idle Am.lwis, $(3)
Plate Finish Size of

~ ““U:WW”’
J.Ocation—— Flate

Heat Number $,teeiTyne c Ml P s hi of Plate-----—.. .—. _. —----- Sample, Inches

26-j@450(1”)’ Sfimikilled 0.21. 0.47 0.012 0,.033 - 1766 First Ingot 3/1+X 28 X 28
1739 Second Ingot 1/2 x 28 x 28

L9.-M-396 Silicon killed 0.20 0.70 0.016 0.027 0,18 1818 First Ingot 3/& X 28 X 28
L725. First Ingot 1/2 x 2& x 28

19-l!-390 ‘Silicon-aluminum0.17 0.$6 0.019 0,029 0.20 1753 First Ingot 3/1+x 28 x 28
killed 1739 First Ingot 1/2 x 2~ x 26

———-. --.—..,-....,—.-— ——— ———— ———. .-— — ..-—— ..———-. -—————-—

(1) Ladle sanpl..e.taken both from the ladle and dipped from the first two ingot molds,
I

ladle samples taken i’romthe ladle only for tineother t~iOheats.
la
m
I

(2) Optical pyrometer temperature.

(3) .Uuminumadditions were as follows:
Heat 26-l!.-L5o- 0.75 pound per ion to the ladle.

O.?k pound per ton to the ingot, average,
Heat 19-M-396 - 0.50 pound per ton to the ladle.

No aluminum added to tne ingct,.
Heat .L9-M-3~0 - 2.70 pounds per ton to the ladle.

NO alunnnum add@ to the ingot.



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 sam heats. All bars were cut in the longitudinal divec.tion.

The plate samples, however, were notched perpendicular to the plate surface while

the ladle samples obviously were notched parallel to the bar surface, The impact

bars were maintained at the desired testing tem,?eraturoin an acetone bath for a

minimum of fifteen minutes and broken i.mmediately in a 22!2-foot-pound Riehle

impact machine. The temperature of the bath was adjusted to compensate for the

small temperature change obtafied while transferring the sample from the.bath to

the impact machine.

The results of the impact tests are shown graphically in Figures 15

to 20, inclusive. Figures 15 and 16 show the results obtained on the semikil.led

steel for the first and second i~lgot, 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 ccmparable plate samples

PC 11 and PC 1.2, The tinpactresistance of the l/2-inch plate ssmpl.e,shown in

Figure 16, is somewhat higher than that of the 3/~-inch plate, see Figure 15.

The impact values obtained on the ladle samples from the silioon-killed

steel, Figures17 ad 18, are much alike and considerably higher than those for

the ladle samples from the semi-killed steel showu in Figures 15 and 16. The

impact values of the plate samples from the silicon-killed heat were higher than

those of plate samples from the semi-killed steel., There was very little differ-

ence between the impact resistance of the lj$?-inch and 3)4-inch plate from the

silico~-ki,lld steel.

The impact values obtained on the ladle samples from the fully killed

steel, Figures 19 and 20, are similar to eech other, and in general are much
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higher than the ve.1..uesobtatied from the silicon-killcd ladle samples. The

plate samples of ful.lykilled stee].had impact val.ucwconsidcrably lower than

those of the compemion ladle samples but had higher values than the sampies of

silicon-killedplate, as is illustluted by Figurss V/ and 16. The li’2-inchplate

from the silicoll-dmtiw,l-killud(fully killed) steel shown in Figure 19 had a

higher impact resistance than the 3/1+-inchplate from the sar,wheat, Figure 20.

Notched-bar impact values obtained from those Ca#negie-111.inoisplate

samples and matthing ladle samples indicate that bot,hproperly classify the

steels with respect to the deoxidation practice used, However, the actual values

obtained from the ladle samplee are consid.tirablyhigher t!lanthoee for corres-

ponding plate samples. This varj.ationin hpact values could be the result of

notch position relative to the rolling direction or to solidificationrate and

rolling conditions, particularly finish rolling temperature and subsequent

cooling rate. A comparison of the microstructure of the commercially rolled plate

and ladle eamples, Figure 25, shows the latter to have a finer grain structore

than the commercial plate and m,aypartially account for the higher impact values,

A ser~.esof cast ladle samples and rolled plate were also obtajned from

four semiskilledopen hearth steel heats made by the Jones and Laughlin Steel

Corporation. Data on these samples are listed in Table 8, Apparently an aluminum

addition was made to the ladle samples for the residual aluminum in two heats

was appreciable, as is ehown in Table 8, Furthermore, ladle samples frem all

four heats were sound indicating that they had been killed. This addition

altered the normal impact resistance and prevented making a true comparison with

the plate samples.

Standard V-notched Charpy bars were made from the plates and testeal

using the same procedure as was used for the Carnegie-Illinoisplates. The

impact values obtained on a l/2-inch plate from the first ingot of Heat 123123,
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Figure 21, were much the same as those obtainedon the similar @ate of Carnegie-

Illir~oissteel shown in Figure 16. Tne impact values of plate from the second

and third ingots were slightly lower than values of,plate from the first in~~ot.

The impact resistance of the plate from the first ingot of Heat 123171, Figure 22,

is quite stisr to,plate from &rnegie-Illinoi. s steelj Figure 16. Impact

values of plate, from the second and third ingots were somewhat lower than from

the first ingot.

The imp ct resistance of the.plate from sem.ikilledHeat 154930 made

from scrapj:Figure 23, is about equal to similar plates made by the duplex.

methcd, Figures 22 and 24, but is slightly lower than a similar duplex heat

shcmn in Figure 21.

The impact values of Heat 132889, Fiimre 24,

the values for plates cut from similar ingots,.of other

marked decrease in the impact values was FhOwn between

tested.

SUitMARY.—

The object of this research was to develop a

were lower than any of

semiskilledsbeels. A

‘,lwfirst and l.aatingots

,..

tcst that would disiinguish

between serviceable and unsatisfactoryhull plate steel by tests conducted on

laboratory-size samples taken during the teeming of the heat of steel.

No mebhod of casting sound test specimens from semiskilledsteel is

known. Small silicon additions and several casting methods were investigated

to determine their effect on the soundness of cast steel samples. Steel”con-

taining 0,10 per cent ‘silicon was sound when cast into a copper chill, mold or

centrifugally cast. Lower silicon steels could not be cast sound, The impact

rssist,anceof V-notched round impact bars made from steel containing 0.10 per

cent “siliconwas significantlybetter than that of the low-silicon steel. The
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1 I I
HEAT 123123 CO.22, Mn 0.47, P QOll, S &028
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HEAT 132889 JONES AND LAljGLIN STEEL CO.
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STANDARD V-NOTCHED CHARPY
LONGITUDINAL BAR, NOTCH PERPENDICULAR TO PLATE SURFACE
‘C 0.20, Mn 0.44, P 0.021, S 0.026

FIRST INGOT
PJ8 /~

> /!/

,~ ~&)x–:/>

B

SECOND INGOT
PJ9

,X

/:—> ‘x i

~/?*—
lx

THIRD INGOT
PJIO

-xxx_l/J/
/

&~~~
o 4.20 +40 +60 +60 4100

FIGURE 24.

‘TESTING TEMPERATURE- “F.

COMPARISON OF NOTCHED-BAR IMPACT VALUES OF
PLATES FROM DIFFERENT INGOTS OF THE SAME
H EAT.

0-7603



-42-

lofx 55650
Semple from l/2-inch plate.

I.oox 5%49
Ladle esmple rolled to l/2-l.nch-square
bar.

Figure 25. Comparison of the microstruotura of
l/2-inch plats snd a east ladle sample
rolled to 1./2-inchs@ars. Samildlled
Heat 26-M-b50. lonsit~al Section.



T.+BI,E8. DATA ON OPEN HE2L4RTHLADLE S.kMPLZSAND ECLLED PLATE FROM
JOM3S AND LAUGHLIN SITF31LCORPOIWTION

.—— — -—. —.-..—-.._ ——.,— .-— —.. -— ——_. ——. ..—
.u~~~~ Plate

Analysis, %(4 Plate Finish sampl~
Heat Q-dl.eAnaLWs, % CaSt l?olled_—. — Zoning Temp. Size,

~j~ber . Wactice c ~;~ p s bamplc ?late ‘F.——. Inches———

123”i23 Duplex, scxniki.Ucd 0.22 0.1+7 0.017, 0.028 O.ol+ 0.02 1900-1930 l/2xL2x12
with sj.1.icon

~3~71 Ditto 0.21 0.53 0.036 0.025 0.15 0.02 1850-1900 l/2x12x12
5/8x12x12

132889 ,1 0.20 0.44 0,>021 0.026 1890-1900 l/2x12iL2

154930 Scrap charge. Semi- 0.19 0.34 0.O1O 0.o26 181+0 l/2xW12
killed with silicon

———— .—.—-—. _______ —.————.— —————.

(1). Battell,eanaljsis.
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axeprimntal data indicat~ that samples havhg impact resistantie equivalent to

smikilled steel cafmot be cast sound.

The sensitivity of the Walker wedge-tiqmct %st was ‘inves$<.~atet by

comparing the impact resistance o! a silicon-killed steel and a silicor~-

alurrrirrum-killeds+.eel. The wedge-impaob teqt was not sufficiently sensitive

to distinguish between the two steels. A Jifference in notch-sensitivity between

the same two steels was shown by standard Cha.rpytests.

An attempt to produce better wedge surfaces by casting into a ceramic

mold resulted in inferior cast surfacei. The removal of the cast surface from

wedges cast in core sand resulted in a substantial lowericg of the ten:perature

at wijichbreakage would occLrrin ‘tI]ewedge test.

A comparison of notched-bar impact values for cast ladle samples ob-

tained on the open hearth floor and hot worked in the 1ahoratory and for

commercially roiled plate s,arnplesfrom the same irrGotwas made. Correlaticflof

the notched-bar impact resistunce with the deoxidation practice was obtairred

from both the plate and ladle samples. These tests verify the results.obtainod

on laboratory steels which showed that small hot-worked ladle samples will

distinguish relatively large differences in the quality of huli plate steel as

evaluated by standard notched-bar impact tests. This test consists of pouring

a small sample fro.mthe open-hearth ladle, hot working the sample by rolling

to about 9/’l6-inch-squarebar, being careful to maintain a finish rclling

temperature between 1600°F. and 1800°F., and testing as standard notched-bar

impact specimens over a suitable range of temperature, The hot working oper-

ation produced sound tcst specimens from unkilled, low-silicon steels.

To distinguish more

prestraining and aging of the

prove desirable.

subtle differences in hull plate steel quality,

notched-bar impact specimens before testing might
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COIJCLUS1ONS..-—..-—

The minimornsiiicon content in a hull plate typc of steel that will

give a sound chill cast or ccntrifugally cast wedge smnple is about 0.10 per

cent.

The notched-bar impaot resistance of steels containkg 0.10 per cent

silicon is better than that for lower siliccn steels; therefore, a $il. icon

addition could not be used to permit casting of sound as-cast test specimens

without altering, somewhat, the lo,;i-tcmp~raturenotch-bar test resuits,

The Walker wedge-iqa ct test is not sufficicnily sensitive to dib’tin-

.guishdifferences in impact resistan~e of steels w)]i.chcan be separated readily

by notched-bar impact tests,

Large differences in the notched-bar impact resistance of rolled

plate that result from differences in deox.idatiionpract~ce can be predicted

readily by testing hot-worked ladle samples from the heats in question, Addi-

tional experimental work would be necessary to dotcrminc whcthm reiatti~ely

small differences in the not,ched-barproperties of smikillcrl steel plate coul.d

be predicted from tests of the ladle samples.

RECOWWDATIONS-.—

A test of ladle samples that were hot workud under favorable conditions

to produce souod specimens would furnish valuable data on the intrinsic notched-

bar impact resistance that could be obtained from a particular heat of steel,

but could net be expucted to shew variations rcsuiting frorn unfavorable con-

ditior.sintroduced during rolling or other parts of the fabdication treatment.

Although tho type of test discussed in this report will possibly per-

mit acceptance or rejection of steels intended for hull plats, the operating

personnel of steel mills contend that steel poured into tl,elarge flat molds,

normally used in hull plate production, cannot bc diverteclto other uses in
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time of emergency. Therefore, an irlvcstigaticmof the fundamental causes of

variation in the notchud-b’ar~lpast re,sistance of’scm.ik~lled sbeel followed

by correctiolls,if possible, of these causes would greatly benefit both the

producers and consumers of this type product.

(Data from which this report,was w~;ittens,rcrecorded in
B.M,1. Notebook No, 2756)

JAD:SAH:CTG:C1iI,:jj
August 30, 1948
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