LS

OF T AWA Auvgust 14%h, 1941,
s

RERORT

of the
ORE DELSSING AND METALLURCICAL LABORATORIES.
Investigation No, 1066,
An Exewmination of
Steel Shipe-Plate for Deatroyers,

1
¥






« Page & -

{Oorigin of Regquoest, contfd) -

ba from the same sheet, were submitted along with the
letter:

Three tenalle test pleces,

Three vend teat pleces, and

Three pleces 12 in. x 6 in. x % in. thick.

Ganadian and fmerican naval apecificatiouns were

also enclosed, in order that a comparison might be made.,

Physical Testas

Tost pleces were machined to dimenszions specifiled
in Appondix ¥GY of the Depariment of National Defence speci-

£

fications for tesbts of meberisls used in a desgtyoyer of the
TRIBAL cless. Impact tests were included for addltional
information., An unnotched test plece, 5 x % x 3 inches in
size, was ugsed.

Tost Plece =
NOo L No, & NOo &

Blastic 1imit, p.s.io
(Using 2 1n. extensometer, test
piecaa recelved being too shorit
for an 8 in. exbtensometer,) = = 40,000

0ol per cent proof stress, pP.f.i.,
(8 in. extensometer) - - 48,300

¥Yield by drop of beam, p.s.l. = 47,850 47,900 4'7 ,'700
Ultimab e tensile abtrengbh, peBel.~ 67,800 66,300 67,700

Blongation in 2 in., por cenbt - 50,0 5G.5 51.0
w g W, W » s 27,0 26,0 26,0
Reduction of area, per cent = 50.4 83,9 82,0
Tmpact, longlitudinal, ft. 1b, = 84.5 83,0 84,5
“ s Transverse, i i - 84,0 83,8 83,5

Bend test, 180° on a Alamober 24 times plate thickness = 0.K.
i 4] s 14 it W 3 &quoﬂ‘ t{) . u i - OGR:O
n oo Wonn B of half of " W =  fonll
surface checks.
Tonslle tost fracitures showed o laminated struce
ture. (Sse Pigure 1).

(Pigure 1 on next page)
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{Physlcal Tosgts, conbttd)

Adctual size.

FRACTURE APTER TENSILE TREST.

Hardneas Tests

137 Brinell hardness nuwber.

Chemiecal Analysiss

Por cent

Cavrbon - 0,13
Silicon = Q.17
Manganese = Q0,73
Nickel ) = Bone
Chromium - ft
Venadiam - i
Coppar e 0,26
Aluminium = Trace
Mol ybhdeoanm - None
Sulpbur - 0,025
Phosphorus - 0,013

Microgstrucitnre g

Long stringers of sillcate=type slag incluslons
are shown in Pilgures 2 and 3, These account for the laminated
atructure of the tensile bvest fractuve, Pilne-grained fervibe

(white) is shown in Pigure 4., Inclusions or "dirt" in this




= Page 4 =

(Microgtructure, contid) -

steel occur in much greater than average smoMmMLHs .

Pigure 2, Pilgure 3,

[ Ly

X100, unetched, X100, unetiched,
LONGITUDINAL SECTION, TRANSVERSE SEGTION,
Flguee 4.

X100, nital stch,
LONGITURINAL SECTION,
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Discussion:

Chemicel analysis of the plate examined conforms
o 8,4.B. X015 stesl, which is a acft, léw«str@ngthp highe=
ductility materiel, Entrained slag and oxides have resulbted
in a laminated structure, This condition dees mol dlgquallifly
the meterial for uss whora static loading Is encounbered.,

Elongated inclusions in steel containlng 0.30 %o
0,70 per cent carbon hove heen proven Lo be comected wiih:
{1) Lowered reslstance toe projectlles.

() Lowsrsd fatigus propertles,

(3) Lowsred impact resistence,

In a low-carbon steel, howeveyr, the effsccis of olongated
inclusions are much less pronounced. Certain types of slag
inelusions dwmprove the welding properties of mild steel and
urougnt iron,

% would be advisable te obitain photomiscrographs of
gaoh heat and thus record the type snd dlabribubtion of inclu-
gions, with a view to seiting wup some standard for wnlcre-
strueture, Mﬁny consumers of steel have elready done this
and thereby maintain a more uniform quallty of manulactured

articlse.

Comparison with Specificetions,

2 4 s miong. ¢ Blong, sGarbhon
: Tensile 3 Yield in 2 ins.gin 8 ins,,scontent,
: Btrengths point per cenb sper cent sper cent

R.C.N. Grade "p¥ s ST-d4 17 e 17,0 0,30
2 wona tons {(max,)
o BQ LD, win,

R.C.N., Grade "H.8.7.U.%; J3I2-36 - = 18,0 0,30
3 Lona {max,)
s 8Q.in,

U,3,N, Grade "M© 8

- {8pec, 4855) ¢ 60,000 37,000 23,0 25,0 0.31

1 P.B.Ll.,  p.s.i. (max,)
g min, min,

Plate ezamined s 67,000 47,700 50,0 86,0 0,13
3 P.8.b.  p.s,i,

{Continued on next page)
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(Digcussion, conb!d)

Tbﬁiplate submibhed for examination does not wmeetd
the tensile strength requirements for R, ¢, N, Grade "D orx
R, C., N, Grade "H, 8, T, U." steel ship plate. It does,
howsver, meat the Tenalls strength reguivements foxr U, 8., N,
Grade "M" steel ship plate.

In order to mesb Grade D' class of ship plate, it
would be necessary to change the composition of the asteel,
An incresse In carbon would ralse the tenaslle strength and
lowar the elongatlion properties. MNanganese in amountsg over
1.00 per cenb will increase the tenalle strength without
apprecliably lowering ductility or weldabllity.

In recommending en analysis to be adopted for
Grade "DV astesl ship plate, availaebllity of material must
be considersd, It is asssuwmed that U, 8, N, Grede "High
Tensile' is now being wadej therefare, since this material
moets R, G, N, Grads "D" requirements, 1t could be adopted

for Qenadian wuse, Specifications for this material inoclude:

U8, N, Grade HT Steel Ship Plate,

{1} Tenzile sirength = © 90,000 p.s.i., ming
{2) ¥ield polnt - 50,000 p,8.%., min,
(3) Rlongetlon im 8 lnches = 20 per cont min,

(for plate under 15,3 pounds
per sq.ft,)

(4) Carbon < Q0,18 per c@nng max
{B) MNMangsnese - 1 .48
(6) Vanedium - 0.08 = 0,14 por cent

Thickness of plabte will have some sffect on
physical properiles, Thin plate, having heen worked mor@;
will have greater strength per square inch than thick plate.
Some cogrlzance of this should be taken in the R, G. N,

specifications,
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Jonclusions e

1o The steel examined corresponds to S. A. W
X1015.

o It does not meoeb the tensile sbtrengbh reguiree

{to

menta for Re Co No Grades DY or "H.S.T.U.Y steel ghip=-plate.

lea

« It meets the tensile and slongation requirewments
for U. 8. N. Grads "Médium" ship-plate.

4. In order to meet the ¥U. S. N. "High Penaile® ow
B. C. N. Grade PDY pequivements, o low-carbon, low-alloy stesl
ie required. Nedium mangenese steel is probably the most
readily avallable stesl in this classificabion.

B. Intrained "dlrt" or slag and oxides sre falrly
high in the steel exemimed. Microstructure standerds should

be sel up to help control the quality of the steel purchased.
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