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I, INTRCDUCTION

In a search for stronger alloys, several aircraft companies turned
‘o 202 and 201k, Both have an ultimate strength of nearly 70,000 psi and
are similar in that both depend mainly on cooper for their strength, North
Arerican Aviation (Ref, 1) chose 202k for their large Navaho tanks, whereas
Martin seiected 201k for Titan tanks of about the same size. The 201k is
conesicred to be somewhat less crack sensitive so it was chosen of the two
for our investigation,

After the zbove.named alloys were adopted, Alcoa was approached by
ap zerospace irdustry grou wittc the request that Alcoa develop a weldadle
high-strength alumirm 2lloy (Bef, 2 and Ref. 3). The result was their 2229
allcy whick indeed does have wsldability approaching thet of 5061 alorng with
2 tensile sirength, 62,000 psi, approaching 201k, ZSoeing is using it on
their Rogarc tanks, (kef, L) =nd cur Metallurgy Sroup plans to investigate
it in a continvaticn of this -rograsz.

Both 201k and 202L, it should be noted, are generally classed 2s
not weldzbie (other than by resistance welding). To weld them requires re-
fined technicues and close control of variables, Custcxzarily, these alloys,
when fusion weided, are used in the as-w»2ided condition and, in reccgnition
that the joint wiil be zboul h2lf as strong as the parent zetal, the design-
ers arrange to have trhe joint a2bout Giice as thick as the parent retal, This
is costomarily dore by thimming rmost of the surface of the tank skins or seg-
rerts before welding so that only a band of original thiclmess material about

%D inches rexains alongside each Joint to be welded. Tre rermoval of mate-
rm2i to rroduce the large thin regions is done by mechanical rilling or by
chem-rilling (a2 patented chemical eichins orocess),

203k has 2 hizh suseeptibility to stress corrosion cracking and has
oaly a fairly good general corrosion resistance compared to 608l. Therefore
the use of alclad 201L is often required, .in the performance of 2UlL welds,
the main oroblems are irconsisient ductility -3 strength and occurrence of
fine porosity. Kechine.made welds are reasonzbly free of cracking trouble,
tut marmmal welds, especially repair weids, present a serious cracking problem,

This report will describe the investigation cf the welding of 201k
alloy. The cbjectives were to get at least suze tentative answers to the
oroblems noted cbove and to determire tyoical properties obtainable through
several corbinations of preweld aad post-wald heat treatnments,
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A principal objective, for example, was to study the weld-then-age
sequence since this had proved so very successful at Bell or 6061-Th, allowing
nearly full base metal strength to be realized in €061-TL joints which were
only aged after welding, eliminating the often~-difficult step of solution heoat
treatirg,

The weldirg reported here was done by the irert-gas-shielded tungsten
arc process {Heliarc), principally with mechanical eguipment, zlthough some
hand welding wes done. The material was 1/8 inch 20)): Alclad sheet,
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II, COXNCLUSIONS

¥o problems were experienced in makirg sound welds in 20ih alloy
plates under laboratory conditions., Production amd repair difficulties czn
be expected but these can be evaluated cnly on samples which would simulate
ranufacturing conditions,

The poor weldadility of 200k ay compzred to 6061 is attributed
largely to its wide melting range of 230 F versus 105 F for 6061, The
effect is to delay solidification of the base metal at the edge of the weld.
¥hile it is in this partially-.meltei condition, it has low strength and duce
tility and is subject to cracldng from shrinkage stresses,

Hardress surveys across the joints vere very useful in determining
the relative sirengths of the weld and the hezt-affected zones ir the base
retal,

Stress corrosion tests showed that joirnts aged after welding
cracked in 160 hours ir a moist salt atrmosphere. Joints in the as-welded
condition did rot crack during the 291-hour test., There are strong indi-
cations that fusion weided 201l should be used cnly in the as-welded condi-
tion,

A1 joints failed in the weld retal in both tensile and bend
tests, This was rnct attributable to any specific famit other than that the
weld was sirply 100 soft for the 2lloy being joined, On fully heat-treated
Joints, the weld hardeneé o vhere it approached the base metal strength
ie2e 89 per cent of the 70,000 osi base metal strength,

Hydrostatac bulge tests in which 2 disc is lcvaded biaxially %311
sarmlate the stresses found in a pressure vessel ruch better than uniarizl
tensile 2m2 Send specimens. 3o far 201k has not perfo.med better then 6061,
The inRicationm 15 thel weld julni ciresses wiili have 1o be kept atl —od~rate
levels to asoire relizkility,

In studying tle effect of
then-ased 201L-Th, we fcund that an increase in speed imorsved the respounse
0 =;ing in the heat affected zone just as it does in 508i-Thk. A similar
effect occurred in both 2iloys in that spoeds abeve 15 ipz 2id not bring
significantly greater iroroverent in #iZ haxdensbalitr.

w2lding speed cn the strength of we:ided-
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ill. METALLURGY AND HEAT TREATMENT

The 201} slloy is of the alumimum-copper-magnesium-silicon type em-
ploying copper aluminide (CuAlz) as the primary precipitation-hardening agent.
A secondary preciritation hardener, Cu Iﬁs Sihllh, greatly increases the
strength attainable througli artificial aging amd is also responsible for the
natural aging characteristics of this 212y,

The secondary alloyirg elements, that 1is, sium and silicon form
low melting complex eutectics with melting points of 560-980 F, These limit
th3 solution heat treatment to 945 F, above which there is melting of the
eutectics with danger of cracking as well as permanent harm to mechanical pro-
perties, especilally ductility.

Complete re-sclution of the CuA12 micro constituent cannot ocour at
9L5 F so ‘here is always an excess of this‘presont. The form and distribution
of the LuAls influences the ductility and toughness of the alloy. In unwelded
sheet metal the excess crmstituents are evenly distributed in small more-ore
less globular shapes, After welding, these constituents exist as long strings
and films within tho structure of each grain in the weld, In this condition
they tend to form contirmious brittle planes of weakness, In the overheated
base metal at the edge of the weld there 1s likewise a grain coarsening with
formation of the brittle films,

The chenical composition limits for 201l are as follows:

Elemant Min ! Max !
Copper 3.9 S
S1icon 0.5 1,2
Iron 1.0
Manganese 0.l 1,2
Magnesium 0.20 0.80
Chromium 0.10
Zinc 0,25

. Titanium 0.15
Alrmdnmun remainder

The 201L alloy is hardenable by a precipitation heat treatment.
This is in two steps: the first, cilled solution heat treatment consists of
hecting to 9LO F to dissolve the CuAl, and certain other microconstituents and
then quenching rapidly in water. 'I'hig produces the 201L-TL condition, The
quench is fast enough that there Is not time for the constituents to precipi-
tate out in accordence with their decrecsing solubility at lower temperatures.
The -TL material is stable at room tesperature, The second step of the heat
treetrent 1s called aging (or artificias sging) and consists of heating the -TL
st 310 F for 10 hours. This gives the strong -T6 condition. The strengthening
results from precipitation of submicroscopic particles of the hardening oonsti-
tients, When heated to higher temperature "ocveraging" results with lose of
properties, Finelly, heating to around 800 F gives gross precipitstion and thre
soft stable "amnesled” condition,
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IV. WELD METALLURGY AND WELDABILITY

Alumimm alloys melt over a range rather than at a single tesperature
and the relative difficulty of welding any alloy can be estimated fram this
range, An alloy is without strength or ductility while it is in its meltirg
range and a broad range implies a long time in which the material alongeside tne
weld is in a condition in which shrinksge stresses easily produce cracks, In
the tadble below the relatively poor position of 201k explains its orack sensi-
tivity, especially in manual welds which are characterigsed by slow speeds and
high heat imputs. The weldability reting is purely arbtitrary.

Alloy Velting Rance F Difference F Weldability Rating
1100 1190 - 1215 25 1
6061 1100 - 1204 105 Z
2219 1070 - 1180 180 2
201L 950 - 1180 230 L
202 935 - 1180 245 c
7075 890 - 1180 290 6
LoL3 1045 - 1170 105 (f11ler metal)

The second factor influencing weldability is the solidus temperature
{or bottom of the meiting range). Ideally, the weld metal should solidify
after the adjacent base metal has solidiflied so the welding shrinkage strains
cculd be fed or filled up by the still-molten pool cof weld metal. With LOL3
filler on 6061, this holds true, but on 20lL there is no filler metsal with so
low a solidus as 201L. The most crack-free filler for 201L is LOL3 and ite
solidus is 100 F above Lhat of the base metal, It might sppear that the weld
woald ba solid long before the bese retal and that cracks in the latter were
« inevitable., This does not occur, only becsuse of the contimial progression of
the wld pool and the exceedingly steep thermal gradients across the weld and
tase metal,

In the wrought base metal before it is exposed to welding, the excess
of Cull and other microconstituents is evenly distrituted in small mere-or-less
globulaf shapes, Their effect, even though thsy are brittle, is not serious.
Fowever, in the process of welding, the microccnstituents in the fusion sone
asoume a different configuration., They, of course, melt along with the alumi-
n'm matrix in the arc path where the weld is being made, After introduction of
weld filler rod, the weld solidifies in what is no lorger a wrovght structure
but instead 1o & cast structure consisting of fine elongated grains, all
oriented in the direction of solidification of the weld pool and pointing gene-
rally towaxd the centerline of the weld, Now the microconstituents ecssmume the
stape cf long parallel strings ad films within the dendritic structure of each
grain, In this condition a brittle conetituent becomes more harmful because it
comes more closely to Zorming a contimuous plane of wmakness in the Joint,

The grain size and the sige of the fine dendrites within the grair can
he lessened by weldirg at low heat inputs, that is, at a high welding speed,.
This promotes rapid solidificaticn of the weld pool., Grain refining additives
in the filler metal also cin help., In the finer grain, not only are tho cor-
stituents less likely to form solid continuous films, but alec being amaller,
they can be more completely dissolved in any subsequent heat t.:atment.
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V. EIPERIMEMNTAL PROCIIURE

The zaterial for tke investigation was Alciad 201L-76 sheet in 178
inch gage. This represented the thickest material contemplated for use ir the
irediate future, when the -Th coniition was needed, the 201l-76 was solutdion
heat treated (1 hour at 535 7 and water quenched) to produce ihis, ¥elds were
parailel to direction of rollirg of the sheet so that tensiie bars cut fronm
tnis would be loaded transverse to direction of rolling.

The mechanized welding was dome by tte gas shielded tungsien ar
process on Airco automatic Heliweld equipment., Welding cwrrent was AC from a
k0D arpere AC power surply havinz capacitors in the secondary circust ic give
2 balanced wave skape. The jJoints were scuare butt with zero to 0.G10 inch
g2p. The edge of the joint on bzckside was broken, I.e., beveled very lightly,
o irprove the penmetrztion bead and eliminmate the underside centerline crevice,

Cleaning before welding consisted of a caustic dip followed oy nitric
=cid, then water rinse., Immediately before welding, the zbutting edges were
f5led with a clean Vixen file to give 2 bright surface.

The welding wire was 1/16 inch dizmeter type LON3 (5% silicen ailoy).
To insure surface clemliness of this, a2 fresh stock of the Linde ZQ grade was
used, The initials =Q stand for Eigh Quality and demote %hat it has 2 shaved
Dinish of high lvster = unususl cleanliness,

welds were rmade in one pass usually et 20 ipr, but speeds from 5 to

5 ip: were investigated in crder to determine tre effect of speed on strergth,
Tre tungsten electrode was 1/8 inch dismeter of 1% thoriated type.

The welding fixture had waterecooled copper hold downs and a mild
=“22] Sicking bar. This bar had a flat grosve .OLO inch deep by 5/15 inch wide.

Tte welded panels were heat treated s necessaxy then ot into bemd
an? tensils specinens. Sarples for hardness surveys and retallurgicsl exsmine.
tion were also taken,

The tensiie specimens had a2 0.5 inch wide by 2.5 inch long reduced
width section with the = 23 crossways of the specimen at the center. weld re-
inforcement was ground flush on tensile ans bend specimens. The latter were
coe inch wide by 6 inches long, bent arcand a 57 radius (1-1/k inch diameter
circle fcr 1/8 inch saples),
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Vi. T=HNSEILZ 4ND BEHD TIST RESULTS

The tobies of tensjle test results show trhe averzge of three spe-
cireps; 3in the kend test two specirmens were tested and both values are re-

The yield strength as reported is subject to error when deterwined
on 2 specirer having zones ¢f varying strength and ductility within the two-
inch gaze length vpon whickh vield is based. “hen the weld is considerably
soiter ihzn the base metal, it can be presumed that it is well past its yield
sirenzth by tke time the stress reporied In the tsble is reached, TWhere 2ll
zones are abort ¢f the szwe sirergth, this error is slisht. :

Tadble I gives the oroperties of Alciad 20l base metal in several
ezt trezirents znd two orientations, Table II glves the properties of the
slded joimts, The saxme data is presanted in the bar gragh, Figure 1 giving
—~erhzos z more rapidly cooprehended picture of the strengths of the two weld-
= retnods {mechanical-zmd mamual-inert zrc) =md the severdl heat treatments.

woiy

A Y]
i b

Tre minimr bend radius and bend ansle reguired for satisfactory
service performeance is not kmewn., The 5T bend radius wes chosen becsuse it is
abort the minirvws 4o which some of the stronger joints could be bent. Since 2
bend anzle of about 25 Cegrees is reeded to form itkhe wcld emd heat-affected
zone zrounS the mandirel, this was tentatively taren as the minimmm acceptable
bend apgle, With those specimens having relztively soft welds there was trowdle
teeoing the weld against the mandrel so tha® 3t would not 1ift and take 2 sharp
bernd rzifus of its osn chocsing. To correct this, we iaid 2 strip of base
ret2l under the speciren tc help force it to conforn during derdirg.

Asstming a 25 Segree angle as the r“nirur, practically all the spe-
1 cizens ~zssed except the LA set., The only nigh ductility bends were in the
Be ‘ es-welded cnes.
Tre princinzl oheervatione that might Te made frim an examination of
tte tables and the bar graph are sw—arized below, Certain of these are ela-
borated uwoon ir later seoctiome,

i) In the base xetal the transverse properties are slighily
roorer (2.5 per cent, than those tzxen iongitvdinal or lengtindse of the di-
rectiom of roiling., All of our welds were oriented so the tensile bars smre
ipz2ded transversely.

2) The 201k did not perform mearly as efficiently as 6061 ir 2
weld-and-age sequence, Joiat efficiency with 201k was sbout 70 per cent, o
pered to 1007 with 606l, Since 211 failures were in the weld metal. +*-
scze hope that an irprovexent in the weld can raise this efficier-
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3) Fully heat treated machine welds in 201L had 2 tensile
strength almost 90% of thet of ithe base metal, Eowever, the low ductility
of these gave poor restlts in the bend tests znd bulge diaphragm tests.
These two tests, especially the latter one, are 2 good test of the depend-
ability of the Joint in an erd item such as a pressure vessel.

L) 201k as compared to 6061, appears to be less sensitive to
effect of wslding speed on joint strength of welded and aged -TL material,
In other words, there was little improvement as the speed was raised., £s
will be skown later, this is meinly ar inadecuacy of the weld metal which
is siroly too weak at a1l speeds,

5) The principal weakness in a 201k welded joint is in the
weld metal, A1l samples failed in center or edge of the weld so this is
whare develcpment work should b= directed.

6) Practically all specimens passed the bend test; assuwing
a 25 decre= vend anzle to be the criterion,

TAME I

Base Yetal Properties

2125 Gage 20ik Kiclad Alwcnum

age to -T6

72260

Condition Oradn  Temeile Stremgth  Yield Stremgth & E in im
-T6, as received transy 6896G 61700 10
lorgi 69210 61130 10
-76, Soln, E.T. to -TL transv 62350 36000 22
longi 62800 37300 2L
-76, H.T. to -Th, and transv 71630 63700 1

61:30G
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ViI, PERFORMANCE OF THE WEID YETAL

In this program dll tensile and bemd failures were in the weld metal,
either at certeriine or edge, so a study wzs nezde of the weld,

Imvarizbliy in 2ML and 202k welding the weld is the weak link

The edge-of-weld failure was more typical than the centerline one,
The fracture followed closely that interface on ore side of which lzy the
coarse graired overneated base metal and on the other side of which was the
weld petad Itsealf,

Scattered porosity wes foumd in cross-sections of the welds even
toough x-r3y exarmination had revezled none, This tended to be grouwped near
tre edge cf the weld amd was so vexy fine, oxiy 2.00% to 0,002 inch dizmeter,
that x-rzy could not resolve it. The edge-of-weld fzilures tended to fail
ttroegh this yorosity and it can te assured that its elimination wenld raise
tke weld strength a Jew per cent. It should bte exphasized thzt the amount of
poresity was slight. Thoe presence of sape poresity in welds mede under labor-
atory conditioms suggests that it might be even more trouvblesome in producticn.
Xorth &merican (Ref, 1) solved a severe corosity prodlex oz 202k by using a
2-pass weld, quring the first pass of ihiich they could see the porosity bubbling
to the surfsce. Ccz—on practice of others is to weld in one pzss unless the
thickness reqrires several pzsses,

The weld filler retzl was type LOLk3 (5% silicon - 95% alumimm).
Experience c¢f other Investigators with cther £illers has been diszppointing.
Pore almmimm (1°M) cracks slorg the welds so badly as to be corpletely une
useable, On mzchine welds, 201k filler can be used and is about 5 per cent
stronger than L0.3, Tzt in mama) welds it cracks badiy (Ref. k).

Tre welds iu our tests were groumd flush. 4 slight iroroverent would
te realized if the reinforcesent were leit on, Cur dulge disc samoles did have
tre reinforcement a3 these had the zane edge of weld fzilure as did the ten~
sile barse.

Sffort zight well te spent on imoroving weld properties by searching
for a stronger 2lloy and Ty promoting finer grain size through addition of
grain refiners cr by uitrasonic agitation of the pecl., So far, however, no cne
has found a technigue tetter than the popular one which shuns high weld sirength
and instead deends uron deliberately thickening the weld joint area sc that
the stresses are low across the joint and it in 4wyn can be left in the soft
erd dveiile corditicn, This practice places no 1irmit cn the amount of repedr
welding that can be dons., It is very likely the most reliable agproach., Users
have found that welds which are in any cocrdition other than as-welded are low
in ductility and as s result are sersitive %o notches from defects or from un-
evoidabie stress concentrations,
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VIII. PROPERTISS OF THE WEIDEZS JOINI AS REVEALED BY HAHDNESS SURVETS

The insight into 6051 alloy welds on a similar program several years
220 was gained largely through use of hardness surveys, Hardness is closely
related to tensile strength and a vell-made survey will reveal the approximate
strength of each of the several zones associzted with a weld. 4 temsile test,
on the other hand, datermines the strength only of the wezkest zone,

£11 the specimens of this test failed in the weld; the heat affected
zones, being sironger than the weld, had no bearing on the results. Ecwever,
shonld a stropger weld metal be developed, these zones covicé become of signie
S cance in determiréng the joint strength,

Several distirct z2ones exist in a welded Jjoint in a Zeot-ireateble
Somimn alloy, Trese are shown in Figur alorg witk 2 typicei haxdness
surver, The approximate tesgeratures at the limits of the zones are given;
ihese a~e based on our work oa 3381 (Ref. 6.. Teaturec of the zones are as
follows:

1) Weld or fusion zone {1200 F). This is a fine grained cast-
ing composed of base metal tlus [Nller metzi, It is heat-wreatzble but not so
w21l zs the parent metsl. In & machine-made weld It has cooled fast enough
+o be in a supersaturated (-TL) condition and is susceptitle to hardening by
2ging,

2) Overbeated zome (3190 F). In this pzrrow base metal zone
the micysconstitusnts have melted and agglomerzted into coarse networks. This
has low ductility and high susceptibility io siress carrosion. In mzma2l welds

this sone becozes wide and is the source of cracks,

H 3) The solutio.. zome (100-£30 F)., This has cooled rapidly
fron optimm terceratures (essuming it to be a machine weld) and is susceptidble
to aging to nearly 21l base metal strength,

i) Oversged zone (850-550 F). The cooling rate and maximm
{ermerature zre iess tham cprime= so it will not age o I bage metal strengthi

n p=mmal welds inis zone mzr be e¢ g2 2e 4c heve ammeszled prepertles; nwerer,

fo11 reheat treatmeri practically erases this weakness,
5} Unaffected Rase Metal {below 553 7).

Ezrdress surveys were made with the Pockell 2 scale (1/16 inck ball,
100 £z load) axd were token on the cross-section of the samle rather tran on
tre surface, This avoided the near *c fNMie off itke cladding,

The use of 2 hardness swvey tc study heat 2ffects is illustrated in
Fizure 3, This is for 20il-Thk, the le ft curve Zs for the as-weided Joimi; the
~ipght for a welded-and-sged one. The later I1lustrates the zones described
earlier, Tensile ctremgth is annoted at certain peoints. The softness of the
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weld metal, especially as-weldad, is aprarent, Upon aging it does harden, but
not enough to mateh the rate of hardenming of the base metsl, The oversged zone
is seen in the curve vhen it dips o0 B72, This is somewhat 20re severs
than the dip for at this speed., Thiz wss expected since 201k is more sen-
sitive to rate of quench than is 6041,

¥We consider the weld-=nd-age sequence, as illustrated in the preced-
ing Figure, important beczuse it proved invalvzble on ocur 606l-%h tanks.
There a full heat treaiment (cuench and age) after welding was impractical for
distortion reasons, but nearly -T6 strength was obtained through aging only
and 3t wee hoped that this could be duplicated with 2G1L alloy. The effect of
various welding speeds is discnssed in another section of this report.

A study of 201L-T6 in three conditions of heat treatment after welde
ing is shown in Figure L, 411 failed in the weld in temsile tests at the
values noted on the curve,

The low strength of the weld rmetel, even when aged is again evident.
4 {11 reheat treatzment of the joint (curve iC) however, brings the weld at
leest ints the vicinity of the base nmetal strength, Probably the solution
Leat treatwment venefits the wxld by homogenizirg it and refining the grain.

The center curve indicstes that the weld was nearly as cirong as the
soft zone of the base metal and a slight irprovement in weld strength might
force the fracture to occur irp the kezt affected zone,

The fully heat-treated jJoint (1C) still shows some drop in the hezi-
affected zone where apoarently some permanent deterioratiop wes produced in
the microcopstitrenis & weldirng,
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IY. THB EFFECT OF WELDING SPEED ON JOINT STREXGIR

Barlier in this report we have mentioned the success 2t Rel) in weld-
ing 6061-T; rzpidly encugh to assure that the heat-affected zone would still be
susceptible to aging so it would reach fll -T6 strength upon aging. Also, in
the sectior on Tensile Results, it was noted that in cur current experiments on
201L-Th we tried various welding speeds hut that consistent failures in the weld
hid any relationship between speed and hest-affected sone strergth, By mezns of
herdness surveys, however, we can show this relationship,

Therefore, we ran hardness surveys across the 201L-24 joints which had
been welded at speeds fram 5 through 25 ipm and then exrtificially sged. Theee
are shown in Figure S, The improvement in the strength cf the heat-affected
sone as the speed is raisad is evident. Kext we converted the minimm hest-
affected zone hardness of each curve to eguivalent tensile strength in prevara-
tion for the next Tigure.

In Figure 6 w» show three curves of tensile strength of welded-and-
aged alloys plotted against welding speed, The bottom one is the historic one
(2ef, 6) for 6061, and sinca all those fallures were in the HAZ we label 3t
"6061 Heat Affected Zones.® The cemter curve is from our current data on ten-
sile results and since all failures were in the wald we ladbel 3t *201L welds™,
The topmost curve plots the equivalent sirengths of ihe heat-afZscted sones
for 201l from the rreceding Figure so it is labelled 7201% hest-affected sones®,

It is svident that an incresse in welding speed improves the FAZ rese
ponge to aging of 201L-Th Just as it doee 5061-T: axd marecver for both alloys
the rate of improvement dixinishes sharply adove 15 ipm welding apeed. A1
Mr-dntobodouhtodm.nsnldsmtmnnuotow
stragits {han the EAZ, that i3, 4o sror” 70,000 psi, and then the weld.the
age sequenos c¢an be used to sdvantage om 201L-Th., It is not likely that such
lmldnmccﬂdbodmmifitwmitﬂghthntaomwlbhto
be practical, iluxinuz welds stiressad to 70,000 psi, when to thoe
55,000 psi, would te far more sensitive to defects such as wsld bead shape,
micro-cracks, porozity, traces of oxide, and sc on,
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X. STHESS CORROSION SUSCEPTYBILITY

Sowe metals, when umder a high surface tensile stress and exposed to
a corrocive medium, are likely to crack by what is termed stress corrozion,
The crack penetrates alorng a very narrow path, usually following grain bounda-
ries, and lasaves 1ittle visibls corrosion product on the surface., Cracking
can occur in relatively mild s=olutions mmd in ihe x»clztivaly short time of
gseveral days or weeks, Oenerzl surface corrosion or pitting may be entirely
absent vhile the material is failing b stress corrosion, As stated above, the
material must be under tension during the test and this is usually achieved by
bowing it in a fixture,

The 201L alloy is recognized as being susceptible to stress corrosion,
The disposition of thé CuAl, constituent appears to be the main factor. Wwhen
it is in large c¢glomerations or in continuous films it is more harmful than
when it is in solution or in a dispersion of fine globules, The first condi-
tion is fourd ir material which is quenched too slowly in solution heat treat-
rent or mueonshes fyox 420 high a temperature., Such conditions may be found in
certain weld zones espcsially at the edge of the weld,

In atress corrosion tests the tester rust choose an environment that
he believes sirmuiates service corditions amd he rust set a criterion of accept-
able parformarce, Our tests were merely exploratory and used a cornveniently
available salt (sodium chloride) atmosphere at 170 F, 99 per cent relative
umidity.

The samples were 1/8 x 1 x 8 inches in size with the weld across the
center. Juplicates were clamped back-to=back with a 3/L inch plastic spacer
at the ceater and the ends pulled tegoather by bolts, see Figure 1, According
+~ the deflection formilas this should give a tensile stress of 50,C00 psi on
the outer surface near the weld.

The first tests were with the Alclad layer intact., Attack procecded
slowly and erratically from the raw edges of the specimen, Therefore, on the
remainder of the tests the cladding was grourd off, Tha nladding was contimmons
up to the edge of the weld, and evsn slightly within the bead, Probadbly it
could be counted on to protect clad surfaces, but this affords no protection
for raw edges or unclad merbers such as forgings,

As shown in the Table btelcw, all sasples in the as-welded condition
lasted % the end of the test, 291 hours, without cracking.

All welds vhizsk: had been sged after welding cracked and broke., One
is shown in the photogrsph, Figtre 7. Inadvertently, no test was made on sar-
ples fully heat treated after welding,

Thoge saxmples vhici: cracked did so along the edge of the weld at the
interface of the weld and base metal. Here the base metal has been heated to
2he welding terperature - about 1100 F - and the Cully is in the coarse stringy
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cordition which invites stress corrosion. These specimens had bee #7ed and
the result of this was that the matrix around the large CuAl2 particles was
hardened by the precipitation of sub-microscopis particles of several consii-.
tuents including CuAls. This put the grains in a state of high internal stirain
and so raised the susceptibility to cracking.

The relative immunity of the as-welded samples was partly due to
their lov weld yield strength. This allowed taem to yleld plastically so that
the surface stress wss probably little higher than their yield stremgth, around
25,000 to 30,000 psi. These aa=ples had a termanert sct when removed {yom their
clamping fixture,

Sample Cordition Hours to Failure
1B -T6 weld an? aged 155
2B T, weld and aged 179
1 -T6 as welded 0K at 291
24 -ThL as welded 0K at 291
ZA -T6 manual weld, as welded OK at 291
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