





weld the H-mw, plabte nad suecegsfully Wlb“ﬁb@ﬂd the imgaao

. . o ‘
in wno cass had the weld motal failed, all frectures occourring -
in the S-mm, plate, ( o , , ' s

Object of Investlgations - -
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fo assertaln the rempon Ffor uxgen 31 ve bulw.
1isﬁic'failure atlhh@ ﬁuﬁétion o' the S-mm. snd 10mmm°-platao
Proseduras -

(1) :  Figures L end 2 show the two sectiony of
carrier nose as recelved end the general aress of bmllistic

attack, igures H end 4 are cloase-up visws of prﬂuuu areas

of falluwe from Seetlons 1L and £ respectively, c '

(=) . Mlevo gamples wore roavoved from both asees
tlons and identirfiad sa shown in Flgurez O and 4. Flgure 5

shows four typical semples, The weld metal of each of thegs
serples was btested with a mw;ne and found to be abtrongly -
me.gnetic,

g

3) Hardness bests, usd ng a Vickers machine
with & 10-kg, lowl, were wade on cach of the above samnples
in weld metal, D.wm, andllﬂmmmv nlate, The fulJov ing table
) * ‘ ' ' o
shows the averages of the heats on tle four ﬂampleﬂg
Semm, plate 10-mm, plate eld
. o S o mete.L
Vickers hardneps numeeare Slote’ o el 4] 404
{4y . Chemical avalysis. of both Semn, and LO-rm,
plate showed the:?ollowing resulbs, A specified analysls is
glven for comparison.
j°3 Jamo jO T, speel fied Analyals
GCerbon: - 0,20 0,26 ~ 0,20 = (G,30
Phosphorus - 0,018 0,030 :
Sulphur - 0,018 | 0,019
Mangana se - S 0,840 Q70 = 0,80
81iicon 0, B 0,56 0,40 = 0,60
Chromivm - 0,88 0,88 G,80 « 1,10
Nickel - 0,66 0,69 ' 0,70 « 0,20
Holybdenuna o C. L5 o, A . 0,20 = 0,50
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(H) ALl of the above samples were examined under
the microscope, Flgure 6 shows & typileal shtructure of the weld
metal adjacent to areasg of balllatie faillure,

{6} A chemical mnalyals sample was machined Irom
the weld metal of Sectlons 1 and 2, The Followlng table glves
the resgsults of the chemlcal nnalyais ag compared with sgpeclflied
analysisn for A,W.3C welding electrodesns |

Feld Metal unak7si* Speoified Analyals

Carbon : 0016 - Q.07 = D14
Mangane se B 0 o 3,50 = 4,560
Chue miam 14,95 - 18,70 =80,00

Nickeld - 8,50 - 3,50 mlOoaQ
Molybdeoum 0,08 - 1.10 max,
&7} _ ~ Ssmple 1E was examined. under the microstops,

Megure 7 ghows the structure of the S-wm,. plate from the adge
towards the csntre,

Digeussion of Hesulbg:

It will be noted from the chemlicol analysis

obtained that the 5-mm, plate, with the exception of the

molybdenum contend, are within the specified ranges, On the
other hand, the 1Q-mm, plate Is silghtly low ln mangancse,
silicon, niekel, and molybdenuwm, It Lz our opinion that de-
viations from the specifilied chewmical analysis are of minor
importance,

It will ks noted from our sxzarinatlion of

Figures & snd 4 thait the ball has penatrated the S-mm, plate

but the weld mebal itgelf has no@}prack&do An axsmination
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of' Figure & confirms that the failure 1s confined to the
thinner plate and, in main, the Pfractures occur vubtside of the
heat-affectad zone,

The micro-exemination of all weldas show a
fine rartensitic structure wlih some retained austenite,
That th@'WOLd metal is mostly Ferritic is confirmed by the

and
magnebtic response, /hardness tests, This can only he brought

¥

pbout by dllution of the austenitic weld metal by the plets
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metal, fihile the deviation of the chemlcal anslyslis of the
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deposi ted weld me“-i f o ihat Bg SpGCL. ad 1o ﬁma&i” Lo ys~:

| ﬁiﬁh magn@ﬁsuéjvab tha Langau'ﬁf whe weid in 7 Le bbﬁ% tne
diiuuiou in ﬁoma‘&reaﬁ at le a% ig conaide y gredcay than
in other qu Thé'analysia zhuwm of the dﬁpos?ued wwld mmuaW
is hhéArééulL of an aﬁ’RJ%7% of &laaﬁpie texen over a Lahpshl
of‘B” ofrweldcy fﬂﬁm iho anaLJmi% of thp wold mebat Qntalnad'

‘

P

it would be expscted that 1% woul& remaln fully aumtarﬁtica

It iQ:QuP bpin twu'fthé var}ztﬁcnw ovuﬁ the lenpuh of th@

sample haveyaocgumted for an.&nelysia Qf thLﬂ type. .';ﬁt

ere po&ﬁible*%6 dﬁ$éin Qﬂ snalysis xr@m areaax brouah ’wh1ch
t!ﬁé | ball has pendtrubed, 1t s highly probeblé that ~1‘i:;11r}:'j."s3' el e -
sl woqu diffﬂﬂ consiﬂur o!v Iwom.uru@ ahéwm;' Thia is conégg}f
filrmed by.the.mu'noth raﬂuonae of bhegmicroﬁﬁﬂuctuﬁﬁg Bokh
of which’indicateia ferritic condltiom, B

The: vari@tiéns in the compogiifon 6f,$h@
depdaited'weld metal along the Lengta of Fhe weld, were cone
firmed by a meghsble teat of irom Filings on whi ch Lh@ Lhﬁm?ﬂ
cal analysis wes made., ‘Soma of these fildups were a@f*nitn y
magnetic whefea%-oﬁherm showsd ne magn@tlc Peépwnga'&aAéllg
, o | ﬁﬁhe}é thé projﬁctile struck éppro &1y

one anh 'vom th'weldyiﬁheiﬂﬁqﬁilerﬁémﬁ,wplmﬁé ”d*qhed"

"f‘th@jimﬁaq% W3 abdowbau anu bha paauafﬂ

u
L et N
Dby L

and :)nea cnezgv
W*v;eﬂem amcf C D the other lfi&fi'l:(“l_k;_iﬂlb“,l“e ?ho baH 23 LP}L

Lo V“” Doncbfaied : B@foﬁ

'osxvﬂr> tn 'ﬂﬁe 1H0Jﬂ

ey dLJhIY& aPLl4dl 13hqnssible dve io tﬁf biph we)d MﬂJaL
hardness and Laa resistente of the 1 O i, placug ‘It ig

2 i

possible thaet 1 the weld metal bhad remnjnﬁd auvtent ic it

e r

would have beon gufl iunL/y dug 1 o permlb yielding'aufw

Fledentl v Lo the lmpacht %o prevent penetration of the thimeyp

" . v
,pxa =

& visuel exeanivation of the welds Indlicates
that there Ls considerable room for improvement of weldlng



technigue, Thé foillowing defects were found, IHigh plled-
up beads (Figure B, sample 14), undercubting {Flgurs 5,
gample 1D), pocr*pén@tmﬁﬁom.and gag holes, In addition;all
samples In IMpure § show extensgive incomplete fusion et the
root gap, It is also apparent that the welds are made iv
three passes at the most and nolt seven aa reporbted,

The praseﬁce af vadereutbing, high beads,
end incomplete fuslion at the roobt gap might very probably
lead to fatigue Ffalliure in service since all of Thise welding
dafects ect as stress ralsers, It Is our understanding thatb
sich marvic& follures Have alresdy boeon reporbsed in welded
vehlelss, |

It 18 worthy of nobte that the Heorm, plate
gliows & band of decarburized mebal along each surface, approxi-
mately O, 007" in depth {Figurs &), ﬁhile~ﬁhis has probably not
contrlibuted to the fallure of this plate, 1t iz an undeslrable
condition which would be sapscted to lower both ballistic
properties and fatigue gtrangbh, o

Gonclusionsg:

(1) Ballistic feiluve may be abttributed to dilution of the
weld metal by the plate metal, resuliting lo high weld wetal
hardnegs and low ductllity,

{2} There is voor Tor conslderable improvemeut Iin welding

\
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sechnique,

(3} Weldiﬁg defocts detected wonld probably lead to fatigue
falluwre 1 service, »

{(4) There is considerable decerburization of the S~mm, plét@o
{5) The welds have besn made 1n two or three passes, not in
geven ag reporbsd, |
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Figure 3.
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