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Relation of the Composition of Austenitic (20 CR-10 Ni)
Electrodes to the Physical and Ballistic Properties of
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The attached progress report submitted by .. L. Feild,
Technical Representative on NDRC Research Project MNiiC-2R, has been
approved by representatives of the liar Metallurgy Committee in
charge of the work. This report covers investigations on restrained
double bevel armor joints welded with electrodes having variations
in manganese content combined with variations in moljybdenum content.
Testing included determination of sensitivity to center root bead
cracking, interface cracking, as well as X-ray, macro etch, and
metallographic examination. Fhysical and ballistic properties were
determined by tensile tests and a special explosion test.
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supervision and direction of the iar Metallurgy Committec.

Acceptance as a satisfactory progress report is recommended.
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ABSTRACT

Restraincd double bevel armor joints wore wolded with 20~10 clectrodes
having varintions in mangnncse contont of 1.5, 2,0 and 4.3% combincd
with varictions in molybdemum contort of 0.0, 1.5 and 3.0%5. A com-
parison wns also made betwecn molybdenum ndded through the clectrode
corting and through the core wire and betwoen an experimontal in-
duction mclted ~nd o commorcinl clectric-cre furance hent, Testiag
included dcteorminntion of sonsitivity to coater root bend cracking,
intorface cracking, as well as X-roy, mocro ctch nnd metallographic
exanmination, Physical ~nd ballistic provortices were dotcrminod by
tensile tosts and a specinl cxplosion test, Significant fontures dis-
closcd wero:

(1) Vorintions in mangnrnesce and meolybderum content

affccted scnsitivity to root cracking,
possibly affccted suscoptibility to interfoce
cracking,

nppearcd related te teadeney to tronsformntion
to mortensitic structures on heavy dilution.

High onngonnese cnntents enmbined with the usce of somce
molybdenunm arce bolioved to ropresent the best combisntion,

(2} Ballistic proportics could not be rclated to composition.
The initiation and propagntion, in the armor, of cracks
vroduced in tho tallistic tost may oxolain this and sugscest
that the ballistie valucs sccurcd in these tosts were
asanciatod more Jirocctly to the propertics ~f the armor
tha:n tn thoso »f the weld nctal.

Yo indientirn could be found that molybdonun: added through
the cleetirode coating producel any Cifforeant prepertics
thna vhen added through the core wire.

Induction neltod cxperimental heats gave eomparable regults
to n commercial cleetric-arce furnacc heat\




SUMMARY

The preliminary work undertaken in this investigation must be verified by
similar tests with commercially prepared electrodes and with scveral other types of
armor as well as with conventional ballistic tests, before any final conclusions can
be drawn, Nevertheless, several featurcs believed to be significant have been re-
vealed in these tests which have been summarized below. The sicilarity in results
obtained with a commercially melted heat when compared with an induction melted heat
of similar analysis justifies the belicf that these observations are not limited to
induction melted material slone.

(1) The coiosition of 20 Cr-10 Ni type electrodes appears to govern
the ease with which crack free deposits can be made in the root
pass of restrained double bevel armor joints. Additions of moly-
bdenun appear desirable. langanese alone is not helpful.

Some evidence was found that interface cracking in the root pass
may 2lso be related to electrode composition. The indication is
again that molybdenum is helpful in overcoming this defect. The
complicating factor of heavy root deposits required with compo-
sitions without molybdenum however prevented drawing any direct
comparisons. Deposits from the lowest alloy containing electrode
(1.5 Mn=-0.0 Mo) used in the investigation were unusually susceptible
to this defect.

The tendency for weld deposits to transform to hard brittle mar-
tensitic structures in passes where heavy dilution is present

appears to be reluted to the total alloy content. Electrodes,

where the sum of the manganese plus molybdenum content was less

than about 4.0%, were found to be transformed in the shoulder passes.

No indication could be found that molybdenum added indirectly
to the deposit through the flux produced any different propertics
than when added dircetly through the core wire,

Ho appreciable variation in the shock resistance of the specimens
exposed to the explosive tests ' was found to exist with variations
of the manganese-molybdenum content of the weld mectal,

The failure to find any direct correlation between electrode
composition and ballistic strength values sccured in the ex-
plosion test may be traceable to the apparent tendency for
fracturcs to originzte and propagate largely on the armor

side of the weld inter{ace. This preliminary evidence that
ballistic propertics may be rclated siore to thz properties of -
the crmor than of the weld recommends itself for further
investigation,

From the standpoint of the ease of vielding restrained armor
Joints, elcctrodes containing sufficiently high mangancse contents
to insure frecedom from dilution transformation and also with
molybdenum contents adequate to minimize center root cracking

are believed to rcpresent the most desirable combination.




PROGRESS REPCRT

on

Relation of the Commosition of Austcnitic (20 Cr-10 Ni) Electrodes to

the Physical and Bpllistic Propertics of Armor Woldments.

I. The Zffcoct of Variaotions in Mansancse and dMolybdecnum Contcnts.

INYRODUCTION

" The general nim of this project wos to study the cffcet of varintions in
the composition of austcnitic 20 Cr-10 Fi typo electrodes on the propertics of re-
strained armor wecldments,. :

Two types of 20-10 eloctrodcs have been used in tank-armor fabrieation;
ore nodificd by ndditions of mangancsc, onc by additions of molybdenun., Various
combinntions of thc two cleorcnts have nlso been considered. Very little fundnrental
inforintion has been available, however, to indicatec what cffoct verintions in the
per ceat of these clements hnve on weld propertics, This first progress report
deseribes an investization wadertaken to provide such data s couwld be scewred by
carcfully coitrolled tests on a ladboratory; senloe.

The souecific ains of this first investigntion were to:

(1) Deternino the cffect of variatioins in mongnncse ~nd
molybdeimur: content on the welding prepertics, par-
ticularly scnsitivity to oot cracking, the ohrsical
propertics nnd nicrostructure of restrnined -wclds in
arror, 0

(2) ZEstimnto the offect of varintisns in the per ccat of
these clonents in the welld domosit on the ballistic
pronertics Wy mcans of n sneci«el cxnloslion test.

(3) Comparc thc effeet of molybdenw: nlloyed in tho weld
drposit througi the core wire with neolybdenun added
throuzh the clectride coating.

Various steps taken in this investisntion ircluded:

(1) Prepnration of cleetrodrs from nine experinental inductisn nelted
heats and one commercial cleetric-arc furnace iicnt. The Lents werc of 20 Cr-1C Wi
t;pe represceating soven (iffeoront levels of nangancse an® nolybdenun contents,

The approxirato analyscs nre listed on the feollowing poage
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* Throughout the brlance of the report the various cerpositions
w7ill bo idertificd by the gyubsls showm in this table.
(1.5 i) indicatos nelybdemat added throush the flux; the
suffix T indicates raterinl nolted corxercinlly in the
clectric—nrc {furnacc,

Scrics I vms designed to comparc the cffeet of tiirec levels »f ropgrncce
1,50, 2,00 aac 4,25% alonc, Serics II was included to cowpnre tho coffect of 1.5%
and 3,04 rolyblenw: with ranganesc fixed at 2.00%; Scrics 1I1 to cou aare the saae
lovels of nolybdenwi with mnngarcsc fixed at 4,255, Compositions 2,0 kin - (1.5 ..‘)
and 11»._; in - (1.5 i) wore included in the latter two scries to commarc nolyodc:s
intro uced into the weld deposit through thic flux with polyovdenun adfed through
the coro wwire,

of tac ianvestigating, a cortiercinlly rieltel clectric-
sirilar t2 corponitior 2,0 iy - 0,0 il becanc avnil-
rics I aald Scrics II for eomparison with the induction

During tlc
arc furance hont

coursc
of ainlyeis
nble nid was included 1'1 Sci

rolted hentg,

Wellding of Auplicete restrained j-ints frou ench coupousitinr
noting sensitivity of cnch tyme 90 eleetrade 4o () mout bend
cracking, and (b) interfree crncking.

(2)

(3) Emninntion of wclded joints ireluling:
f=rajr oxaninntion of "ea welled" nilntes
unern cteh for quality of weclcs
.Lr'm verse teasile wroperties of nlC..
ietallographic exenirntion of wolds axn
sicrohardnces travorses
3nllistic propcrtios by cx.losion testing

2 tested 5

Zxranirntisn of explosi




. Pego 3
MATERLALS USZD LAND PROCIDURE

1, Proparation of Bxpcrimental Jlcetrodos

Nine, twenty-five pound oxperimental induction nclted kheats wrorc pro-
parcd in an JAjax high frecqueney furraco. Tho sinll insots (together with onc
billet fron the conucrcicl clectric-nre fupnnce heat) were forged and hot rolled
to rods. Thc hot rollod rods wrere anncaled, pickled and cold drawm by the usunl
cormereial notiods to core wire of 1/4" oad 3/16% diancter. Straichtencd nad cut
uirce in 14" longths voa then flux conted in an oxperirental lobasratory cxtrusion
press, In all cnsos, & 1lino Yasc flux of cosposition siuilar te thoso found' to dbe
orployod on cornworeial rods of this type was usod., The sanw formuln was usod
throughout cxcept for small variations in tho content of ferroimngancse fron heat
tc hont nccossary to raintain tho leovel of this clorient the sance i:v the weld
deposit as the coro wire, TForromolybdenun wos cimloyced. where it was dosired to
alloy ~wlybdonwa with the wel? doposit. '

The officioncy or the flux was gowsed by conducting a complete annlysis
of a weld pad preparcd fron oach lot I contod 1/&" Ciancter elcctrodos. The pro-
codurc uged was similar to that now requirod by the Burcau of Ships Spocificntion
46TH(INT) Lpril 1, 1943, Thosc ~nnlyses nro listod for corparison with the core
wire asplyscs in Table I*=‘ponendix I,

2. Veldling of Restrained Joints

2n) Preparation of Tcst Plato

Figurc 1™ -ippendix II chows the dotails of design and welding scquence
crployed in preparing the restraine? jolnts The iatent was to sccuro 2 test plnto
conteining o highly restronined double bovel dutt weld. For additioral restraint,
the test platos wore rigily clmmies in a hervy Jig taroughout tho ontiré welding
wrocecurc and for o poriod therenftor of twonty-four hours., Figurcs 2 and 3 show,
respectivoly, the appeorance of a tost plote clamped in the jis ready for wolding
an a final wolded plate.

All test plotes wore torch cut ol bovoled to size fron four, 13" thick
nlntes of Great Lnkes homogeneous lioat treatel armor, representing ~ne heat of the
followring compositions

Hoat 9-00U7TH c in P s Si cr Ho Zr
#1] wnlysis .29 R 018 ,025 67 .59 .18 .09

This ermor uas chosen beemuse of its wido usc i beeausc it wms geaerelly
believed to Yo sonmcivlat rore caitienl in its demwwnlls on tiie porfornnce of the
clcetrodces.,

In all cases, the test plates wiere osscondbled with the rolling Aircction
of the arror ot rijht angles teo tiic well axis as indicnteld in Figurce 1, Jfter
cach pass across the weld, the teo.t plate was nllowe? to cool to & maxirmn of 200°F.
before proecoding.,

* 411 tables arc esscniblod in dopendix I.

** Al drovings ond photogranhs arc assenbled in Joponcix IT,
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2b) Deternination of Sensitivity to Root Cracking

Work done previous to this investigsntion disclosed that the 20 Cr-10 Ni
composition exhibits n marked tendency *o erack down the center of the first or root
pass under certain conditions. Preliminary tosts disclossd that the degree of
cracking was spparently chiefly rclated to the thickness of the deposit, i.e., the

thicker the root pass the leoss the likelihood of eracking,

Root beads of various thickncsscs were doposited with several different
types of electrodes and the degree of cracking noted, In ench case there appcared
to b a characteristic critical root thickmess above which cracking no longer
occurred. This obscrvation suggestrd a possible mothod of rmting each of the com-
positions includnd in the investigation for scnsitivity to root eracking,

As cnch nf the threc scgmonts acrnss the root ~~iu denosited in ench test
plate, the thickness of the weld wos mersurcd and reeoracd tngrther with the apocor-
ance of tho berd. Figures 4, 5 nnd € illustrnte the tochaique omployed, Figures L
and 5 show the sopearance of the foee nnd back nf a rant pass depnsited with three,
3/16" éi~metcr, clcetrodes of composition 2,0 Mn-0.0 Mo-E. TFigurc 6 shows the »p-
pcaranee nf ernss-sccetisns through the three differcnt loentions indicated in Fig-
urcs 4 and@ 5. It is nf interest to nnte thot in the ront posscs slightly thicker
thnn requirod to provent complete ernelring, the ernek appenrs only an the bock side
nf the weld.

The d ntn sccurcd in thosa toste ~ro reocorded in doteil in Table II, In
most cnscs, it wns prseible tn cstim-~ts wvithir fairly n-rrow limits, the critienl
ront thickncss reguired for c-ch comprsition.  In one ense, the root beads were all
depnsited mithout cxhibiting crnocking., Eore, it is rssumed, the critierl ront
thickness s less thon thot deponsitcd,

2¢) Observations Durirg Complotinn nf Tost Welds, Interface Cracking

After detormining tho eritierl rn-t thicknoss, rll crncked ront bends wore
chipocd nut and new bends of sufficient thicmess tn nvaid conter cracking were de-
prsited. With cortain ermmnsitinng nn further difficultics were oxperienced and
welding proceedcd ns indic~tcd in Fisurc 1. FHerover, nthors exhibitod a marked ton-
deney tn develop erncks at the interfree hot@een the ront boad and the armr, This
typc nf crack wns quite distinet in sppearance -nd location from the center ront
crncks deseribed rbove, They werc very nerrow in width md cxterded from ns little
ng 1/8Y to the full 8" length of the root pnss. In mony cnscs, they wore detectnble
only by examining tho junction of the weld metal =nd armor with » small hond magnify
ing glass. They occurrcd nlmost without exceptinn in the ront pnss. In several
cases it wns nceessary tn vold severnl plates botfare tvm were secured frec from this
defcet, Tnble III summnrizes these experiences »rd indicntes the frequeney of intor-
facc erncking in vorinus compositinne.

3. Examinotion nf Weolded Joints

After enmplotinn of welding (Sce Figure 3) ~nd removnl from the rostrnin-
ing jiz, o~ch tost plate vas ground on bnth sides o»n a Blanchnrd Grinder to bring
the top of the wld flush with surface of the ~rmor,
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After X-ray examination, the plates were sectioned by cold sawing in the
manner illustrated in Figure 7. One of each of the duplicate test plates, after
discarding the outer 2", provided two macro etch test specimens, two explosion test
gspecimens, one specimen for microscopic examination and three tensile test specimens
from the face, root and back of thc weld, The second plate provided two macro etch

specimens and three explosion test samples.

3a) X-ray Examination

The platos were radiogrophed at Johns Honkins University by lir, R. L, Henry
A 200 KV Goneral Elecctric machine employing a tungsten target was used, The follow-
ing expgsure conditions, after trial, werec sapplicd:

Voltage - 170 KV Focal distancc - 64 inchcs
Amperage - 10 m,a, Film -~ Eastman Typo X
Filter ~ filter cassetto Pcnotrameter - 2%, vieible
Exposure time - 25 to 30 minutes

3b) Macro Etch Examination

Moecro ctch spceimens were ground flat on a 320 grit belt, etched in cold
dilute aqua-rogia for 1 to 3 minutes and oxamination at 15 X magnification for the
presence of defects. Figurc £ illustrates the appoarance of three typical etched

specimens,
3c) Tensile Tests

Rectangular shaned tensilc test specimens cut transversely across the weld,
represonting the face, root and bnek of the weld, as shown in Figure 7, were ground
with o 320 grit finish tc final dimensions of 9/32" by 1", Tensile teasts were con-
ducted on a 120,000¢ hydraulic machine. An atte-pt wns mcode to maintnin a constant
headspecd by employing fixed valve opcnings in ~11 togts, The hondspoed from the
yield point to brecaking lond was npproxim~toly 0.3" per minute., Per cent olongation
was moasured ncross the welds using threc gauge longthg, Standsrd two inch gauge
marks werc mnde in the armor with the weld nt the center. In addition, punch marks
were made nt the interface between the weld metal and ~rmor, both at the widest point
across the weld nnd nt the nnarrowest point across the weld, Tnble IV, Appondix I
contains the dntn secured in these tests nnd noted the location of the fracture of
ocnch specimen, The yield strength was determined from ~utogranhic stress-strairn
curves with the oxtensometcr attached over a 2" gauge including weld metal nnd somc
armor, The offsat uscd in calculrting the vnluse wns trken ng ,2% of the avernge

width of the weld metal,

It will be noted in Table IV thrt a nmumber of the teonsile test sumples cut
from the face ond brek of the plates wero found to hrve broken rnicross the wold metnl
in the shoulder, Thesa froctures werc brittle in nppearaneo and resulted in general-
ly lower per cont oloagrtiors, Rockwell hardncss tests mnde on the snmples selected
for microscopic cxaminntior showed thnt these brittle fracturos were nssocinted with
trangformation of the weld motnl in the shoulder pass to n hard martonsitic structura
The hardness valucs sccurcd on the shoulder nasscs arc rocorded with the tensile test

results for comparison,
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3d) Motallographic Examination and iicrohardncss Survey

Samples propared from the middle of onc wold of coch type wore cxamined.
Photomicrographs, Figures 9 te 11, werc prepmred illustrating tho appoarance of tho
weld structure at a point noar the ceonter of cach root bead. Microhardnoss tra-
vorscs werc indo with on Eborbach tcstor (28.4 gn. lond) across the fusicn linc of
saiples fron plates roproscnting cach of the scven compositions studicd., Impross-
ions across the interface, spaced approximmtoly ,0015" apart, woro made with a
Stondard Vickers pyranid dianond ponctratcr. The arce tested in cach casc was
approximntely at tho niddlo of #4 boad on the back side of the root pass, This
location wns choscn bocausc as it will %e scen later, it was apparcntly ncar this
point that fracturcs originated in tlic oxplosion tost. Figurc 12 is a photonicro-
groph of this arca showing the hardncss inprossions. The hardness valucs indicated
aro belicved corrcet for comparison anmmg thensolves, but their rolation to
Standard Vickors or Brincll valucs has not been established.

30) Ballistic Propertics by Dxplosion Tasting

Ixplosion test saiplos wero iround flnt on sidc, top and botton facos in
the Blanchard Grinder to the followin dinconsicns:

Hoizht - 1-7/16" ¥ 1/640  miatn - 1-7/8% ¥ 1/64" Longth - gv T 1y

In adlition to tho weclded tecst sauples, saumlos wore alse proparod of
sinilar dinongsions from the virgin armor platc. Onec sct was sclectod with tho di-
recetion of rolling parallel to tho long axis of the speecinen, i.c., longitudiaals
ono sot with the rolling dircction at ri-ht ansles to the lons axis, or transverse.

All teste werc conducted under the directisn of Dre W. O, Snolling at the
Trojan Poudor Corpany, Allcentown, Pennsylvania, Dotails of the sot-up used arc
shown in Figurd 13.

The test sarples were reostod on stecl blocks with the faco of the weld up-
vards, Charges of nitrostarch in the form of 2" Alamoter flat discs of difforent |
gran woishts wore oxploded on top of tho weld. Varying total amnounts of oxplosives
worc uscd on cacl: speelimon to ostablish the amount rcquired to Just comlotely break
the sample, Difforont weishts of pownicr worc obtained hy cemdining dises of 20, 25,
30, 35 an¢ 50 ~rans, Tho forcc npplicd b tho cxplosive is not bolieved to be
lincarl;" proportional to tho weight espocially vith large charges, It has beor
pointod out that as the height of pile of explosives inercnscs, the Cowaward force
cxortod Dy the powder at the top of the charze diminishes rapidly. Ar approximate
relationship botwoen oxplosive charro and impoact cnorsy cxpressel in terns of hall-
penfulun displacenent as tontatively dcteruinod by Dr. Snelling (NR C-25 Projoct -
Txplosivo Tests) is nttachod (Fisure 14),

The chargses apolied, the ansle of bend and the appearance of tho tcsted
samplcs arce rccordod in Table V. Fi-urc 15 shows the appearance of a typical sot of
specinons aftor testing.

4, ZITxauination of Ix>losion Testod Saiplos

Saiplos which werce partinlly craclod oxtcrrally by tho cxplosivo charse as
wWcll as thosc which showol no cxtcrnal cracl:s wiere socetioned transversoly throwsh tic
ccnter of the weld and subjcetod to nctallosraphic cxnrirntion to cstablish the
oririn and mode of fracture fron tho hallistic irpnet. Soverel werc found containin
only iunterzal craclss varying fron iideroscople dinensions up to larsc fissurcs ox-
tending alnogt to the surface as noted in Teble V., Fisures 16, 17 and 18 illustrat.
the initintion of the cracks and the mode of progvcssion in typleal sarmles,




DISCUSSION

1. Preparation of Electrodes

(a) The analyses of the induction melted heats and weld deposits fell
within reasonably narrow ranges. Siall varintions in carbon,
phosphorus, sulphur, silicon, chromium’anc nickel contents preasent
throughout the series were not consideored to haw influenced the
comarison of tho coffeet »f wariations in mangnncsc and molybdenum
contents, The chromium to nickel ratios of all hiaats foll within
the range of 2,01:1,00 to 2,06:1,00.

Wolding of Restrained Joints

(n) Scnsitivity to Root Bend Cracki
: ng

(1) Tho offcct of molybdonum in reducing the thickness of tlic ront
pass rogquircd to prevent center cracks is clenrly shown in
comparing “he data for Scries I heaty withcut molybdbdenum with
Series II and III honts containing 1,57 end 3.0% of this clewent.

Variantions in manmancsc cither without molybderwa prescnt or
with 1,55 or 3.0% of this clement caused no marked trend in

the results; if anything, Scrics II honts with o levoel of 2,00
itn wore slightly bettor thon Scries III with n level of 4,35 iin,

Increasing the molybdenum from 1.5% to 3,0% showod no murked
additionnl benefit nor wns thore ony difrcrcnce appareat bo-
twocn adding this clcenent throuzh the core wiro or throuch the
flux,

Thac results sceured or induction mclted heats compore closcly
vith thosc obtnined fron the cummoercinl electric-nre furance
heat,

(d) Susccptibility to Interface Cracking

(1) Scrics I lheats with inerensing -argaresce and no molybdenum
were susceptible to tho development of interface erocks.

(2) Composition 1.5 ¥n-0,0 #o in this scrics produced frogucnt
interface eracking which was only siizhtly alleviatcd by
nrahenting the test wlates before welding,

(3) With increesing mungzancsc content up to 4.3%, but with no
nolybdenum, this defcet wag ctill yrosent but in a lesscer
degree., 2
Volds from compositions with 2,0 nud 4,37 mansancse and 1.5
and 3.0% molybdenun appeared rclativoly Tree from this dofceet,

Diffleultics cxuericnced with Sories I heats appearcd to
coincide with the muchhenvier root deposite required to
provent conter eracking., Such heavy beads werc more prone
to results in incomplete coverage of the root joints in

tho back of the pass intreducing, in some cngcy, A notcl
cffcet. This notch conditicn, horever, wms 2ot whelly
reoponsible for interface erancking sirec the defoet occurred
in several lnstances coven with satisfactory root noint
coveragse,




3. Exanination of Welded Joints

(a) X-ray Exsmination

Examination of the radiographs indicated that all plates were sound,
free from porosity, large slag inclusions or cracks . It is of interest
to note that the small interface crack later discovercd in onc cnd of

a plnte welded with tho 2,0 Mn-0,0 Mo~E rod was not disclosod under the
particular conditions of this tcst.

(b) Macro Etch Tests

In 2ll casce cxeept one, the maero ctched samples disclosed no defects
of significanccs Onc platec weldcd with rod 2,0 Mn-0,0 Mo-E posscsscd
o small intcrfacc crack in thc root passs This crack was later found
to have progrosscd about 3/4 of an inch into the tensile test spocimens
cut adjncent to the macro ctch samplo, but is not belioved to hove
cxtendod beyond this point,

\'- . 7
(¢) Trangversc Tensile lcsts

(1) Tensile and yicld strength values of root.samp.cs arc generally higher
and clongation valucs lower than thosc of samples from the face and
back, probzobly becouse of greater dilution . c. the weld metal in
theso arcas,

Yo consistent trends are discerneoble beotweon tensile and yicld strength
valucs with variations in mangancsc or molybdenun econtent, diffcrent
ncthods of introducing the latter clemnt or betwecn induction and
clcctric-furnace hcats. Sonme indication is prescnt that the wolds
coutaining the highcst nmanganosc and nolybdenun contents posscsecd
slightly higher valucs,

Comparison of elvagation values with varintions in composition is largely
voided by thc crratic and gencrnlly o ralucs obtained whero face and
back sarples fractured through shoulder passzes. Even excluding these
values no clcar trends scen to be present.

The prcscnee of partinl intcrfacc crack in sanples from conpositina
240 lir=0,0 Mn-E sharply reducci the tensilc and clongation valuos,

The tendeney of sone compesitiors to transforn to marteasite in the
highly diluted shrulder pnasscs apnears to be rclated to the totnl
nllny content of the cleetrodes. It will be noted in Table IV that
those conpositinns pesseasing over opproxinctely 4,05 totnl nanguneso
plus nolybdemum posscsed rolatively soft shoulders while these having
lces than this ansunt were either prrtially or completely hardcieds

(d) Microstructurc an? Microharl:css Travcrscs

(1) Microstructurcs in the root pass werc sinilar in all sanples, crncist-
ing of an austenitic natrix with dclta ferrite contonining corbildes
dispersed throughout.

(2) The ancunt ~f the dolta ferrite constituont variel nver wide linits
thr-ughorut the weld and even withii the sanc bond, t wns clear, hove
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ever, thot “he toinl amurni of “his constiturnt was related to the compo-
sition. Increasing molybdenum content increased the amount of this con-
stituent. Increasing manganese content decreased the aucunt. On a per-
centage basis molybdenum appearcd to be more effective in increasing
delta forrite than mongnnose was in decreasing tho amount of this con-
stituent., Somc inconsistencins in this rule which may spvcar tc be orce-
ent in tho rnhotomiernsgruphs are largely traccable to the difficulty of
sclocting a ficld represcntrtive of the average structure of the weld.

In addition, small varirtions in chromium-rielel ratio and cnrbon content
arc known tn affeet the rer cont of this vhase and their effect should be

borne in minrd,

ierostructurcsot the weld interfnce nresentcd no corsistont picture, but
varied widely in the snae s~mple ot various locations in the weld. For
this rcengon the stractures shovn in the photormicrograph of this arca
should .aot be interpreted as reprosentative of the cntire intorfacs
structure throughout the snmplcs, Attermts to correlate vorintions in
these structurcs with varistiorns in tho chmposition have so far failed.

Onc consistent foature ir <11 cngee weg the nresence of a narrov hard
bad nt the interfrece ~bouvt ,0015 inches ir width s shown by the micro-
hardncss values, Ia thig b-nd h-rdacseca weore fournd ranging from 302
V.P.%, ton thc highcst v~luc of 712 V.P.I, fouud in tho weld preprred froa
cormpositios 1,5 if.-0,0 ilo,

(o) Bnllistic Proportics by Explosion Testing

(1) Somc vnriatiors were found in the chrrges required to breank the varinus
wlds, but no clenr cut trand conld be frund betwecen thess valucs nor the
angle at frocturc with varintions in mangnnese ar =nlybdenum enntent,

(2) ¥n defirite tromd was nrasamt tn ehae whother mnlybdcnum ~llnyed through
the eosrc wire produced ~ny differont results than vhen «dlnyed through
the flux, One sct with the eonmereinll; molted rod gave slightly ponrer
rosults thar its inductirn rnclted enuntorpnrt; the other set gave supoer-
inr rcsults,

(3) Tests on the virgin srmor irdiented supcrinr ballistic resistance to ny

of tho welded srmples, Tests tnken with the speceimen »~xis transverse teo
the rnlling dircction vore deceidedly inforinr to thngo taken parallel,

4, N-turc ~f Failure ir Evplaginn Tosted Snmplos

The progress of ernelzs ir the cxploasion tested somplcs were trnced as
fnllaows:

(1) Initirtion ng minmte fissurcs in the ~runr just ~t the interfnrec about
mma=h~1f wny betweorn the ront rnd the vnek faco,

(2) Extoasinn in b-th dircetinng, towards the rast and tewnrds the back face,
travoelling mngtly in the <rmor, but ~censinnnlly in the wld mctal,

(3) At 1 moint beyond the rant com rollv ~t the base nf the shrulder pnss »n
the [acc sléc, the creeV taroo t irtn thic ~cld-metal mid enontinucd to
the face, Travoellins in th thor diroctisn, the cermck nlsn passad nut
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into the weld metal generally in the vicinity of the pass just below the
shoulder bead.

Where the crack extended in the weld in some instances, it travelled for
short distances along the hard interface zone which was found just on
the fusion line. 1In general, however, the tendency appeared for the
cracks to cross over, well into the softer weld metal.

These observations were consistent throughout the series and the nature
of the failurcs could not be related to variations in the composition

of the electrodes.

FUTURE WORK

While the preliminary results of this first investigation indicate the
desirability of molybdenum additions to the austenitic 20 Cr-10 Ni type electrode,
the present critical shortage of this element militates against its use in any sub-
stantial amounts. The establishment of some other method of minimizing sensitivity
to root cracking therefore must ve.seriously considered.

One possibility arpears to be the use of electrodes with high chromium
to nickel ratios. Preliminary tests suggest that 1ncrea51ng the Cr/Ni ratlo tends

to lessen the degree of center root cracking.

In addition it apbears essential to establish whether the tyne of ballis-
tic failure encountered in this investigation is characteristic of armor weldments
or is traceable to the particular type of armor employed.

The following further work has therefore been planned:

(1) Investigetion of the effect of variations in Cr/Ni ratio of
clectrodes combined viith variations in molybdenum content.
Testing procedures siailar throughout to those described in
this report will be employed excepting that tensile test
samples will be selected in such a way as to avoid including
weld metal from the shoulder beads of the test plates., In
addition all-weld-mctal tensile tests will be included to de=-
termine the cffect on the physical properties of the weld
metal alone.

Repetition of the first investigation by selccting at least
two of the clectrode compositions originally ecmployed and
preparing test plates from several other makes of homogencous
armor., Testing proccdurcs sinilar to (1) above would be
employed,
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SERIES COMPOSITION
—NO,_ _IDENTITY

(1)
(2)

(3)

1.5 MN~-0,0 MO E 801

2.0 MN~-0.0 MO

2.0 MN=0,0 MOL

k.3 MN-0.0 MO

2.0 MN=1,5 MO

2.0 Mn—=(1.5M0)

E

E

E

2,9 MN—(1.5MO0 )i

2.0 MN-3,0 MO

b,3 MN-1.5 MO

E

E

k.3 mn-(1.5m0) E

4.3 MN-3.0 Mo

ANALYS IS OF TEST

ANALYSIS OF WELD PAD PREPARED FROM 1/U" DIAMETER €
PROCEDURE GIVEN IN BUREAU OF SHIPS SPECIFICATION U

ABBREVIATIONS ¢

E

APPENDIX

TABLE |
ANALYS|S OF CORE wlng(l%o WELD Mgzeifl
HEAT MELTING MATER—

_NO_ PRACTICE 1A € M 2 s
INDUCT 10N cw  .087 1.45 .028 .016

WM o100 1.54 .036 .009

803 INDUCTION oW .089 1.90 .035 .0l2
WMo L1002 2.15 .03% .019

33005 ELECTRIC cw L0701 "1.82 .038 .015
wM o ,077 1.90 .ob2 .017

806 INDUCTION cw  .083 k.1 .ol6 .00
WM ,100 4,47 .053 .o008

809 INDUCTION W .092 1.92 .03k 0I5
WM 078 1.93 .035 ,025

804k INDUCTION W .096 1.90 .036 .,012
WM L1l 1.1 4033 .035

33005 :L:crnlc oW 071 1.82 L9335 .015
wM o ,080 1.20 .okbk 020

11 INDUCTION cw L0901 1.94 .032 .012
WM .100 2,09 .038 .o0tb

€13  INDUCTION oW .nC3 h.27 .obk .72
WM ,03%6 U.56 .051 .010

607 (INDUCTION cWw  .084% 4,10 .oub7 016
wM o L 130 U.37 .ol5 028

815  INDUCTION cWw  .099 L.35 .ol5 0I5
wM 100 Wk,56 .olg 038

COUPON POURED DURING TEEMING OF HEAT.

cw

~ CORE WIRE,

WM

SER(unTS

WELD METAL

sL
.33
.21

.36

33
.30

31
34

39
31

37
51

33
.32

43

.25

o Ul

28

33
35

+ 25

cR
20.07
19.67

20.22
19. 79

20,48

19.75 -

20,28
19.79

20,26
19.66

20.04
19.06

20. k¢
19.29

“20.31
19.72

20450
19.79
20. 20
19.26

27,32
19.77

N
10,01
10,17

9.99
10.10

9.96
9.91

9.88
10.02

9.92
10,08

9.72
5.70

2.96
.19

10,01
10,10

5094
10,90
7.56
7.72

2:75
10.12

| B

L}

.07

.08

1.62
153

14

TRODES IN ACCORDANCE WITH
APRIL (1,153,

CR-N1

2.01
1.93

2.02
1.96

2,06
1.98

2.05
1.97

2,04
1.95

2.06
.97

2,06
1.917

2.03
1.35

2.06
1,98
2,05
1,30

2,04
1.96
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JABLE 11

SENSITIVITY TO ROOT CRACKING AS _SHOWN BY CRITICAL ROOT THICKNESS

COMPOSITION ROCT
SERIES No. IDENTITY HEAT No, THICKNESS

INCHES

APPEARANCE ESTIMATED CRITICAL
OF _ BEAD ROOT THICKNESS

INCHES

o~
-
-~

1.5 MN~0.0 MO 2ot .
259 230

2.9 MN-0,0 mO-E

- N r NN N NN nN
JO0I00D CODU

LIV NG

4.0 MN=0.9 MO’
+250

2.9 MN-1.5 MO . 190 «230

n
0
/]
2
29
0
J
2
0

2.0 MN=(1.5 MO) E 8ok .220 = .23

2.7 MN=(1.5 MO)E 33005 UNDER ,230

2.0 MN=-3,0 Mo s
0 3.0 [ e | - .230

4.3 MN-1.5 MO 13 250

4.3 mn=(1.5 MO) E 307

4.3 MN~-3.0 MO E 15

VIUZZ TVZZ OVVZ VUZ ZZ vz OVZZ 00VZZ AVVVZZZZ VVVZZ OOVZZ

(1) ABBREVIATIONS; —~  NOT CRACKED
—  PARTIALLY CiiACKED
COMPLETELY CRACKED




APPENDIX | - 3
TADLE 111

REQUENCY OF INTERF, CR

SERIES CCMPOSITION TOTAL NO. NUMDER
0. JDENTITY PLATES WELDED DEFECT IVE
! 1.5 MN=0.0 MO é. g
2.0 1
2 |
5

3

. o
* THREE PLATES PREHEATED TO 550, 500 AND 650 F., RESPECTIVELY.
DID NOT DEVELOP INTERFACE CAASKS.,

** ONE SMALL INTERFACE CRACK DISCOVERED IN ONE PLATE IN TENSILE
ROOT. SEE TAGLE v,

R RKS

VERY NUMDEROUS INTERFACE CRACKS
NUMBROUS INTERFACE CRACKS

FEW INTERFACE CRACKS

ONE INTERFACE CRACK

NUMEROUS INTERFACE CRACKS

NO INTERFACE CRACKS
NO INTERFACE CRACKS
NO INTERFACE CRACKS
NO INTERFACE CRACKS

NO INTERFACE CRACKS
NO INTERFACE CRACKS
ONE SMALL INTERFACE CRACK

.

. .0
PLATE PREHEATED TC 550 F.

TEST SAMPLE MACHINED FRCM




TABLE _ 1V
TENSILE TEST DATA

SERIES COMPOSITION HEAT SPECI~ ULT.TENS. . YLD, ELONGATION ~ ROCK. HARD, REMARKS
No. IDENTITY No. MEN STR. PSI STR.PS| w ARROWES RANGE OF

SHOULDER BEADS FRACTURE PASSED THROUGH?
T U5 PN=0.0 Mo FBOT = 35c-u3¢ OULDER
WELD
wewo (6)
938-41C SHOULDER
WELD
SHOULDER
978-~33¢ ° {mrsnmc: CRACK IN UNTESTED smm:}

-
.
oo

88,100 68, %00
90,900 46,350

s
%h: 00
69,000

182700
62,000

2.0 MN~0.0 MO E803

WV 3OO

2.0 MN~=0.0 MO-E 33935

.
OWVIO WOOJ WO OWO a3 N oavio

INTERFACE CRACK IN UNTESTED SAMPLE
INTERFACE CRACK IN UNTESTED SAMPLE

928-9ke WELD
WELD
INTERFACE

Ad
.

3.3 mn=0.0 MO ES06

-
SO

MN-1.5 0 ES09

-
Qo0 D NN
)

898~-35¢C WweLD (6)

INTERFACE AND WELD
SHOULDER

928-21¢c SHOULDER

INTERFACE
BHOULCER

Zie-38¢ SHOULDER
WELD
wewd (4)

mMn-(1.5 Mo) E80b

X 1GN3ddY

M= 1.5MG )€ 33335

WO A0\ caO\d VOO

2.0 MN~3.0 MO  EENI

-
D
(=]

9lB-968

~

WELD
{CROKE IN ARMOR )
SHOULDER

.3 MN-1.5 MO E8I3 918-9%3 IN;EE;ACE

WELD

910-968 WELD
WELD
INTERFACE

-
OQCW QWO eVt o

4.3 mn—(1.5M0) ES07

138

101200

93,100
1547200
102,390

§
3
§
9
6
[}
3
3
3
t

4.3 MN-3.0 MO 523~96D

Oxm V7m OITM Pxm oM WIM D7 Ox7m ©®ITm ©I7N T

- -
[ el

WELD
INTERFACE AND WELD
WELD

IO
W NN VIoaalN W

INCLUDED WELD METAL AND SOME PLATE METAL ON EITHER SIDE OF JOINT.
ACROSS WIDEST PORTION OF WELD METAL.

LCROSS NARROWEST PORTION OF WELD METAL.

SHOULDER METAL REMOVED IN GRINDING PLATES TO SIZE.

(1) F — SPECIMEN FROM FACE
R — SPECIMEM FROM ROOT
3 = SPECIMEN FROM DACK

{2) DETERMIMED 3Y OFFSET METHOD FOR .26 GAUGE
OF EQUAL TO AVERAGE WIDTH OF WELD METAL.

—~———~
W SN




—ho._

HEAT
No,

COMPOSIT I ON
DENTITY

1.5 MN-0,0 MO E 804

2.0 MN-0.0 MO E 803

2,0 MN-0.0 MO-E 33205

4.3 MN-0.0 Mo E 806

2.0 MN—1.5 MO E 809

2.0 Mn=(1.5M0) E &0b

SAMPLE
~No.

BY
8

2.0 MN~(1.5 MO)-E 33005 s

2.0 MN-3.0 MO E Gi1

APPENDIX | = §
JABLE V.
EXPLOGION YEST _OATA

BEND IN
TESTED

SPEC |MEN
OaNGLE

.0
13.5

EXPLO—
SIVE
CHARGE

0
:
5
0
9
5
0

DOVIGWNY MealD\O O =20V VO30
DR e e o0 o
WO OVY NOVRANO

ESTIMATED
BREAKING

CHARGE

18

80

13

REMARKS

UNBROKEN-LARGE INTERNAL CRACK
BROKE

UNBROKEN-INTERNAL CRACKS
BROKE

gWROKEN-CXT ERNAL CRACK -
ROK

BROKE

UNBROKEN-EXTERNAL CRACK
UNBROKEN=-SMALL INTERNAL CRACK

CRACKS
CiineK

UN3ROKEN-EXT., & INT.
UNSIOKEN-SMALL INT,
3ROKE
JROKE
BROKE

UNBROKEN=INTERNAL CRACKS
SROXE

& INT. CRACKT
INT. CRACKS

UN3ROKEN -EXT.
UNDROKEN—- EXT. &
BROKE

UNBROKEN-SMALL INT.
UNGROKEN-NO CRACKS
BROKE
GROKE
BROKE

UNJROKEN— EXT. & INT. CRACKS
UNJROKEN- EXT. & INT. CRACKS
UNDROKEN— LARGE EXT. CRACK
UNGROKEN~ EXT, & INT. CRACKS
DROKE

UNORCKEN-LARGE INTERNAL CRACK
UNJRCKEN=- NO CRACKS
UNJROKEN-SMALL INTEANAL CRACKS
OROKE

S ROKE

CRACKS




APPENDIX 1.~ 6

IABLE V —(CONT.)
EXPLOSION TEST DATA

- . EST IMATED
COMPOSITION  HEAT SAMPLE BREAK ING

REMARK

SERIES T
T SPECIMEN

CanaLE

- IDENTITY N2. NCqo CHARGE

It B3 MN~1,5 MO E €13

N
NAY
NN

4.3 Mn-(1.5m0) E so;l

4.3 MN-3.2 MO E 815

TRANSVERSE  9-04U74
(LONG AXIS

RIGHT ANGLES

7O ROLLING
DIRECTICN)

tonanuomm. 9-0U4lTh
LONG AXIS
ARALLEL TO

~

ROl
DIRECT ION)

OVER 790

UNDBROKEN—- NO CRACKS
UNDROKEN~ [NTERNAL. CRACKS
DROKE

BROKE

CROKE

UNTROKEN — NO C RACKS
UNJROKEN — SMALL INT. CRACKS
UNOROKEN-EXT. & INT CRACKS
UNOROKEN-SMALL EXTERNAL CRACK
GROKE

UNJROKEN = NO CRACKS
UNJROKEN —SMALL INT. CRACK
UROKE

OROKE

DROKE

UNGROKEN-SMAL L EXT. CRACK
UNOROKEN-LARGE EXT. CRACK
DRCKE
DROKE
SROKE

UNZROKEN-SMAL L EXT. CRACK
UNCROKEN-LARGE EXT. CQRACK
UNDROKEN-LARGE EXT. CRACK
UNJROKEN-SEVERFLY CRACKED
UNJROKEN-SEVERELY CRACKED




APPENDIX 1T

Drawings, Photographs and Fhotenierographs.

Ficures 1 to 18, inclusive.




Appendix II - 1

Direction of Rolling
" in Armor Plate
~ >
~

Restraining

// )

Root Gap §" \ =

///////////// =
< A S

S

WELDING PRACTICE

Clamped in restrainiag jig during entire welding operation, plus 24 hours.
Maxisum interpass temperature 200° Fahremheit.

Layer No. Rlectrode Sise Asperage Remarks

3/16° mu-ur 160 - 190 Root Yead - copper back-up used
(4 170 - 200

25 - 290

250 - 290

250 - 290

250 - 290

250 - 290

250 - 290

190 - 210 Shoulder beads

190 - 210 Shoulder deads

210 - 300 Orewa bead
270 - 300 Crown bead

Pig. 1 Test Plate Design and Yeldiag Prastice




RUSTLESS IRON AND STEEL CORPORATION

Appendix II - 2

Preparation of Test Plate

SPACE 1

Fig. 2

Fig. 3 Appearence of Welded Test Plate
After Removing from Jig




RUSTLESS IRON AND STEEL CORPORATION

Appendix II - 3

Determination of Sensitivity to Root Cracking

SEMAT v
THISH 298 0 THISKYESS

CRATEED TARTIALLY T CAASKE

e

ide

uge szCTION “C"

e m— i

TRICKNESS 250" THICKNESS 310"
¥OT CRACKED

Fig. 6 Macro Etched Sections at Points Indicated in Figs. 4 and §

Figs. 4, 5 and 6 Appearance of Root Pass with Beads of Three Thicknesses
Cormposition 2,0 Mn-0,0 ldo-E




RUSTLESS IRON AND STEEL CORPORATION

Appendix 1I - U4
Sectioning Test Plato and Macro Etch Tegting

~____— Macro Etch Specimens (Inner face)

Explogion Test Specimens

Micro Specimen
Tensile Test Specimens

Discard

Ld

Fig. 7 Manner of Sectioning Test Plate for Test.Specimens

2.0 ¥n - 0.0 Mo 2,0 Mn - 1,5 Mo

Fig, 8 Typical Macro Etched Samples from Series I, II and III




RUSTLESS IRON AND STEEL CORPORATION

nondix II -

Microstructurc in Root Pass, Series 1

S [ X . . .- “l

" Composition 1.5 Mn-0.0 Mo

R
il ¢ X g . g ) A . 3
. - - g ot 5 og
= L . . ~ Loy . - ik ¢ R

ion 2 Combasition 2.0 ‘inh-'0.0 Mo-E'

Composition 4.3 n-0.0 Mo

Microstructure of Weld Metal in Root Pass




RUSTLESS IRON AND STEEL CORPORATION

Anpendix IT - o

Microstructure in Root Pass, Series II

- _,'.‘

. g MR bl e ‘;:.—4":2‘!_‘!..:
Comporition 2,0 .

o L

2 : % .. |
Composition 2,0 Mn-(1.5 Mo)-E

. y\p“ - r 0
y vy 5, {23 By -
1§ I}:l‘ e ‘.«."'!‘ ::\'I')‘\—"‘

Composition 2,0 Nin-

Fig, 10 Mierostrueturc of welq lietal in Root Pags




RUSTLESS IRON AND STEEL CORPORATION

Appendix II -7

Microstructure in Root Pass, Series III

Fig. 11  Microstructure of Weld Metal in Root Pass X200




RusSTLESS IRON AND STEEL CORPORATION

Appendix It - g8

Microstructure at Fusion Line

Weld Metal

Fusion Zone
. 0015"

Fig. 12 Microstructure at fusion zone

Microhardness impressions with Eberbach
Tester

Composition 1.5 Mn-0.0 Mo X500




cn Cardboard Tube f11lea
= with sand (43" 4y,
] round X 8" high)

/Bue = 10" @epth of

with two
X3r"x
Plates

Bxplosion Test
Specimen
(Face side wp)

Pig. 13 Bxplosion Test Set-up




Fig. IV EXPIOSION TESTING BALLISTIO PENDULUM

i
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Fig. 15 Appearancc of Explosion Testcd Snmples. Compositicn 2.0 Mn-0.0 Mo,




RusTLESS [RON AND STEEL CORPORATION

endix IT - 12

Development of Craeks in Explosion Tested Samples

Composition 2.0 Mn - 1.5 Mo

a FIT

in armor 500
Microhardness tests with Eberbach Tesgter

CENTER OF EXPLOSIVE IMPACT

|

EXPLOSIVE : ..
pdonar 75 GuS, 85 GMS, 125 ous.

Fig. 18 Etched sections through ce

nter of samples showing fingl
progress of cracks with increasing impact,
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