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TECHNICAL NOTE NO. 1322

THE SPOT WELDING OF DISSIMILAR ATUMINUM ATIOYS
IN THE 0.0LO—INCH THICKNESS

By W. F. Hess, R. A. Wyant, and F. J. Wineor
SUMMARY

This report is part of a program on aircraft spot-welding research
being conducted at the Rensselaer Polytechnic Inetitute. The present in—
vestigation covers' the spot welding of the following dissimilar alloy
combinations in the 0.04C-inch thickness;

Alclad 248-T to bare 24s-T
Alclad 24s-T to 525-1/2H
Alclad 24S-T to 3S-1/2H
Alclad 24S-T to 61S-T
Alclad 24s-T to R-301-T
Alclad 24S-T to Alclad 755-T
R-301-T to Alclad 755-T
Alclad ‘75S-T to bare 758-T

The results of this work indicate that in many instances the chemi-—
cal treatment of dissimilar alloys prior tco spot welding ie a less diffi-
cult problem than the treatment of some gimilar alloy ccmbinations. If
one of the alloys of a dissimilar combination exhibits good treating
characteristics in a particular chemical solution although the other
alloy does not, the sheet—to-sheet resistance of the dissimilar ccmbina-
tion is usually sufficiently low and consistent to snable satisfactory

welds to be made.

The resulie aleo indicate that all the preceding combinations can
be spot-welded with little difficulty. In most cases the cptimum weld .
force for the dissimilar alloys is in the range from 800 to 1200 pounds,
depending upon the average surface hardnese of the combination. The
forge force should be 2.5 times the weld force. A current wave form
specified by an average rate of rise of the order of 3000 amperes per

millisecond and a forge timing of 38 milliseconds were found highly satis—.

factory for all combinations.
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The maximum average shear strength of sound welds and the current
range over which sound welds may be produced are usually intermediate
between the corresponding values for each of the component alloys welded
individually, assuming that good welding conditione are used in each case.

JITRODUCTION

The desire of aircraft fabricators to introduce Jjoints involving
the use of dissimilar alloys in welded aircraft structures resulted in
the present investigation. The spot welding of dissimilar combinations
had not previously been investigated sufficiently to give proper assur—
ance as to vhat combinations might be satisfactorily welded and as to the
necessary change in welding conditions which should be introduced. In
reference 1 a table is presented showing qualitative ratings for the welde
ability of several alloy combinations. This weldability chart was pre~—
pared on the basis of thermal and electrical conductivities and melting
points of the various alloys. An investigation completed at the Lockheed
Aircraft Corporation in 1942 (reference 2) on the spot welding of non-—
Alclad 24S-T extrusions to Alclad 24S-T sheet included a study of the
corrosion resistance of .such a Joint and revealed that this particular
combination was adaptable to spot welding.

A sound approach to the problem of spot-welding dissimilar alloys
involves a quantitative knowledge of the effect of physical character—
istics of the material and spot-welding variasbles. For example, a quanti-—
tative study is required to determine the effect of surface hardness on
electrode force, current wave form, and electrode tip contour: The "
surface—~treating characteristics of the different alloys involved in the
combination, if not already known, must be investigated. The investiga—
tion described in this report undertook to determine information of the
type mentioned. :

On the recommendatione of several aircraft companies this investiga—

tion covered the spot welding of the following dissimilar aluminum—-alloy
combinations in the 0.0LO—inch gage. ‘ d ;

Alclad 24S-T to bare 24S-T
Alclad 24S-T to R-301-T
Alclad 24S-T to Alcled 75S-T
Alclad 248-T to 35-1/2H
Alclad 245-T to 525-1/2H
Alclad 24S-T to 61S-T
R-301-T to . Alclad 75S8-T
Alclad 75S-T to Dbare T75S-T

The chemical-—-surface—treatment characteristices of these alloys were
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investigated by means of curves of. resistance against time of treatment,
and these curves were presented in the preceding report in this series,
dealing with the spot welding of 10 different aluminum alloys. (See
reference 3.)

The effects of spot-welding variables on the quality of welds in
dissimilar alloy combinations were studied by means of strength-current
characteristics, in a manner similar to that used for previous investiga~
tions of the spot welding of Alclad 24S-T alloy. (See reference 4.)

Only the spot-welding characteristics and static shear strength of
the dissimilar alloy combinations were studied in this investigation,
Froperties such as corrosion resistance, fatigue strength, and impact
strengths, should be studied before widespread use of such joints is
contemplated.

This investigation, conducted at the Rensselaer Polytechnic Insti-
tute,was sponsored by and conducted with the financial assistance of the
National Advisory Committee for Aeronautics.

EQUIPMENT

. .All the welding in this research investigation was performed with a
Taylor-Winfield Hi-Wave condenser—discharge welder, type HWRD-36-~3CCIT.
This machine was equipped with a variable electrode—force system (refer—
ence 5) having a maximum electrode—force capacity of 5000 pounds, The
thrpat dimensions of the machine were 36 by IL% «hches. Oscillographic
records of the electrode force and primary current were made throughout
the investigation., The shear specimens were tested on the 5000--pound
range of a E0,000»pound—capacity Baldwin-Southwark hydravlic testing
machine., :

SPECIMENS

The shear test specimens used throughout. this investigation were
standard single—spot shear specimens.2/4 inch by 4 inches welded with a
3/h—inch overlap. Strips of five welds each were made for metallographic
examination. All specimens were 0.040 inch thick.

DISCUSSION OF RESULTS
The weldability of each dissimilar alloy combination in this investi-

gation was studied by means of strength—current characteristics. These are
curves in which the average of the shear strengths of three spot-weld




specimens,
function of the welding curreut. On each of these curves the occurrence
of defects in the welds was indicated by suitable symbols at the pcints.
Such curves enable a quantltatlve study of the effects of the following
spot—welding variables:
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made at geveral values of welding current, were plotted as a

qes Surface condition of the material

2. Electrode-tip force and forge-force timing

B Welding-current magnitude

4.

Welding-current wave form

e Lxectrode tip contcur

A study of the surface-treatment characteristics of these alloys
was underteken as the first step in this investigation. A detalled dis—
cussion of these characteristics appears in reference 3, It suffices
here to summarize that information as follows:

15

Alclad 2LS-T may be treated to an extremely low, consistent sur—

At

face resistance by hydrofluosilicic acid (No. 14 solution),
containing edither 1.5 or 3 percent by volume of HSiFg. This
material may also be W1re~brushed to produce a low, consistent
surface resistance.

. 528-1/2H allo ordinarily shows even better treatment character—

istics in the h;drofluosnlic1c a01d than does Alclad 2hs~T.

. The alloys, R-301-T, Alclad T55-T, bare T755-T, and 38~1/2H ,may

be treated satiefactorily in a hydrofluosilicic—acid solution
containing 1.5 percent by volume of acid, but the surface
registances obtained may not be quite so low or so consistent
as with Alclad 2LS-T.

the present time when alloys bare 24S-T, 618-T, and 14S-T are
to be welded to themselves, they cannot be treated satisfac—
torily in throPluOSLlJcic acid. Bare PhS-T may be trested
satisfactorily in 2 percent HNOsz at 180° F (No. 16 solution),
aﬁd this solution also works reasonably well for 61S-T and
14s-T.

In the surface treatment of dissimilar alloy combinations it has
been observed that if the surface resistances of one of the alloys are
low and consistént, while those of the other alloy are high and incon—
sistent, the resiztances of the two alloys in combination will be ‘
reasonatbly consisteat and of intermediate megnitude as shown in tahle I.
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This is a very definite advantage, particularly when one of the alloys
offers trouble with regard to surface treatment. As a result, when dis—
similar alloys are to be welded, all chemical surface treatment may be
performed at room temperature in hydrofluosilicic~acid solution, 1.5
percent by volume, provided one of the alloys in each combination has
good treating characteristics in this solution.

A summary of chemical-surface—treating procedure for diasimilar i
alloy combinations is as follows:

A. Degrease in trichlorcethylene or alkaline degreaser; treat
8 to 10 minutes in hydrofluosilicic acid (HgSiFs), 1.5
percent by volume, 75° F; cold water-rinse; air-dry.
Good for any dissimilar alloy combination involving
Alclad 2u4s~T, 528-1/2H, Alclad 75S-T, bare 75S-T,
R-301~T, or 3S—1/2H as one component.

B. Degrease same as in (A); treat 8 to 10 minutes in nitric
acid (ENG; ), 2 percent by volume, 180° F; cold water-
rinse; air-dry, Good for welding bare 24S-T, 61S-T,
and 14S-T to each other.

For .the high-strength dissimilar alloy combinations which were in-
vestigated, it was considered sufficient to limit the work on any one
alloy combination to finding welding conditions which would permit the
production of a 600-pound weld approximately in the center of the sound—
weld range of the strength—current characteristic, With the other dis—

"similar alloy combinations involving lower--strength aluminum alloys, the
acceptabllity of any particular curve was judged on the basis of the
best results obtainable in welding the low-strength alloy individually.
It so turned out that the welding conditions which resulted in these
curves in most cases were very nearly optimum with regard to the maxi-—-
mum—-size sound weld which could be produced in each case with the partic-—
ular tip contour used. Any improvement to be effected, therefore, by
changing these welding conditions is expected to be slight and of doubt—
ful further practical value,

The surface hardness, the relationship of satisfactory weld force
to surface hardness, and satisfactory weld force for spot welding of the
aluminum alloys are given in tables II, YII, and IV, respectively.

Alcled 24S-T to Bare 24sS-T

The first dissimilar alloy combination considered was Alclad 24S-T -
welded to bare 245-T. Since each component of this combination involves
the same base alloy, the metallographic changes which take place during
the welding process would not be expected to differ greatly from those
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which occur in weldirg either material individnally. ‘That this is tiue
is shown by ccmpering +he photomicrographs of the dissimilar alloy com—
bination in figure 1 with those of figuree o and 9. in.reference 3 -for
the similar alloy combinations. In. this dissimilar alloy combination

the amount of pure~aluminum cladding to be assimilated into thé weld -
metal is only half that in welding two sheets of ‘Alclad 24S-T. The pene—
tration of fusion into the bare 24S-T sheet is slightly higher than into
the Alclad sheet because of the hlgher melting point of the claddlng on
the latter. - :

Figure B’ ShOkS the optimum etrenpth—caﬂren _ ‘characteristic for this
dissimilar alloy combinaﬁ‘on.“ In cumnarlrg Uhis curvé with the optimum
curves for Alclad 2LS-T and bare 245-T, figures 5 and. 8, reepectively,
in reference 3, several facts may be noted. ' The optimum weld force in
this case was the saxe as for welding bare 24S-T and was considerably
higher than the 8CO-pound cpt imum velue for Alcled 24S-T. A forge force
of 2000 pounds wes shown to be adequate for the disslmilar combipation
and also for two sheets of 0.040~inch Alclad QhuJT. HOWever, a forge—to—-
weéld force ratio of at least 2:1, and pre ferably el .15 highly de-—
sirable since the elimlnatioq of cracks is made more certain. .

From figuxe & it may be seen -that, with thpse welding comditions,
weld quality at the upper end of the etrength—current charscteristic for
the diseimilar alloy combination was 1mpa1red by the occurrence of ex—
pulsion. 'Increasing the weld-force above 1200 pounds resulted in ex-—
cegsive sheet Genaration at the higher sound-weld points; so- this weld
force was consldpred as be*ng optimum for the particular %ip contour used.

Figure 2 also ghows that soand welds having an average shear strength
of 400 to 800 pcunds Were ‘produced over a. current range of nearly 7C00

amperes. This is a range in-condenser vthaae of approx1mately 400, using ,,..

a condenser capacitance of 720 microfarads,. and a transformer-turns ratio
of " 30 @ sai These ‘welding conditions, therefore, enabled- the. production of
gsound welds of adequate shear strength over a reasonably wide range in
welding cur rent.v.q”

Figures 3 and 4 show strength—current characteristlcs obtained in
welding Alélad ZuS-T to ‘bare 24S-T with weld fo¥ces of 800 pounds and
1000 pounds, respectively. By comparison with figure 2, the improvement f_”
in weld quality produced dy increasing the weld force from 800 to 1200 = *
pounds is readily apparent. In the former case, defects began to appear
in welds having an average ehear strength of 700 pounds, while in the
latter case welds apbroachlng 600 pounds in strergth were not defective.
With the lower.weld force the current range over which sound welds of
more than 400 pounds. ghear strength were prcduced was apprOX¢mately 5000
amperes, compared with the 7000-ampere range obtainead. with the hlgher
wveld force. :
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Alclad 24s-T to 525-1/2H

The spot welding of Alclad 245-T to 525-1/2H involves joining alloys
which differ greatly in chemical composition, 52S being an aluminum-
magnesium—chromium alloy, while Alclad 24S-T is an aluminum—copper—
magnesium-manganese alloy with a pure-aluminum cladding. This difference
might be expected to have considerable effect upon the metallographic
structure of the spot welds. That such was the case is evident from the
photomicrographs in figure 5. The grain structure of the weld, consist—
ing of an eguiaxed zone, caused by the slower cooling of the metal at the
center of the weld, and an outer columnar zone, resulting from the chill-
ing of the molten metal, is characteristic of a spot weld in Alclad
24S-T or in 525-1/2H. The effect of heat on the base metal around the
weld appears to be considerably different for the two alloys., The region

‘around the columnar zone of the weld in the Alclad 24S-T alloy is charac-—

terized by a zone of grain-boundary fusion and overaged alloy. From the
ends of the weld, long stringers of low-melting constituents extend out
along the grain boundaries of the sheet.

The region around the weld in the 52S alloy is characterized by an
agglomeration of constituents in a narrow zone. This is difficult to see

-in the dissimilar alloy combination because of the preferential attack of

the etch upon the Alclad 24S-T alloy, but it is clearly shown in the
photomicrographs of 528~1/2H alloy spot welds in figure 31, reference 3.
There appears to be only slight incipient fusion at the grain boundaries
of the heat—affected metal and no overaging. At the ends of the weld,
however, there are stringers, probably also of low-melting constituents,
extending out into the 52S sheet, as in the Alclad 24S-T material.

These stringers in the 52S alloy, however, are not continuous from the
weld out as in the 24S alloy, but appear to break off at the zone of
segregation.

The curve shown in figure 6 is a good strength-current characteristic
obtained with this alloy combination. The maximum shear strength of sound
welds was approximately 675 pounds, -and the current range over which welds
averaging in strength from 400 to 675 pounds were produced was about 8500
amperes. This represents a range in condenser voltage of slightly more
than 400 volts, with a condenser capacitance of 720 microfarads and =
transformer-turns ratio of 300:1. The current range over which sound,
crack-free welds were produced in this case, therefore, is reasonably
wide. Attempts to raise the weld force in order to eliminate the expul~
sion at the last point of the curve of figure 6 were unsuccessful, since
this introduced excessive sheet separation.

In comparing the strength-current characteristic of figure 6 with
the curves for the individual‘'alloys shown in figures 8 and 29 of refer—
ence 3 it is evident that the maximum strength of sound welds in the dis~
similar alloy combination, 675 pounds, is intermediate between the max-—
imum 600 pounds for 525-1/2H, figure 29, and the 850 pounds for Alclad
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24s-T, figure 8. The average slope of the characteristic for the dissimi-;
lar alloy combination over the 400- to 675-pound strength range was ap-—
proximately 32.4 pounds per kiloampere. In the 525~1/2H alloy curve,
figure 29, the average slope over the 300- to 600-pound strength range,
vas approximately 50 pounds per kiloampere. For the Alclad 24S-T curve,
figure 8, over the L400- to 850-pound strength range, the slope was about
33.3 pounds per kiloampere. These figures would indicate that the shear
strengthe of spot welds. in' the dissimilar alloy combination. were con—
siderably léss affected by changes in the welding current than in the
528—1/2H alloy alone. This analysis shows that the spot-welding charac—
teristice of the combination approach those of the 525~ 1/?H alloy with
regard to the strength obtainable, and those of the Alclad 24S-T alloy
with regard to sensitivity to variations in welding current.

w4

., e i | A% Alclad. 24s-T to 61S-T

- Te spot welding of Alclad 2hS~T to 618-T involved the- Joining of
two~ precip*tatlonmhardenable alloys differing greatly in chemical compo—
sition,

" Photomicrographs showing the metallographic structure of spot welds
in this dissimilar alloy combination are presented in figure 7. The
weld metal structure is normal, and the. structure of the Alclad 2hs
sheet adjacent to the weld is also characterlstic of spot welds in- this
material. The 61S alloy has a very narrow zone of grain-boundary fusion:
surrounding the columnar weld zone. At the ends of the welds, this in-—.
cipient melting is observed to-extend out 1nto the sheet for a consider:
able distance. Unlike -thé grain&boundary fuslon in the 528 alloy, how—"
éver, these long str*ngers in the 618 alloy are. continucus with the
narrow incipient fu#ed zone around the weld, broaaening out appreciably .
at some distance from the.-weld,. In the former allov the stringers .ap—
pear not to start from the columnar weld zoné but from the outer edge of
the region in which agglomeraticn of the constituents occurs and proceed
from this region out into the sheet,. Agglomeration of undissolved con—
stituents in a zone surrounding the region of incipient fusion is not
apoarent in the 618 alloy.

A good strength—current characteristic for this combination is -

shown in figure 8. The conditions used in making these welds were gimi-
lar to those used in welding Alclad 24S-T. In the dissimilar alloy com—
bination, sound welds having strengths from 300 to 650 pounds were pro—
duced over a current range of about 7000 amperes. The corresponding cur-—
rent range for the 61S-T alloy, using a weld force of 1200 pounds, was
about 10,000 smperes, as shown in figure 33 of reference 3. An increase
in the maximum—size sound weld produced in the dissimilar alloy:combina—
tion might result from raising ‘the: weld force, but excessive sheet sepa—
ration would probably result..n b b

3 Y1 &8
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Alclad 245-T to 35-1/2H -

The spot welding of the 35S, aluminum-manganese, alloy to Alclad
24sS-T offered no particular difficulty. The microstructures of spot
welds in this combination are somewhat peculiar but not surprising. The
higher melting temperature range for the 3S alloy is the reeson for the

-smaller extent of .fusion in this alloy than in the Alclad 2u4S-T, as.

shown in figure 9,. Also, in the 3S sheet immediately surrounding the
dendritic columnar zone of the weld there is no heat-affected region.
This is probably due to the very narrow melting range of this alloy.

The spot-welding characteristics for this dissimilar alloy combina~
tion are shown in figure 10. With the welding conditions indicated, it
was possible to produce sound welds varying in shear strength from 200 to
475 pounds over a current range of about 8500 amperes. The maximum
strength of 475 pounds for a sound weld in the dissimilar alloy combina~
tion was about 50 pounds higher than that in the 35-1/2H alloy alone, as
shown in figure 23 of reference 3. However, the slope of the curve is
considerably greater for the Alclad 24S-T to 35-1/2H welds than for the
3S—l/2H welds alone. This may have been due partly to the higher value
of electrode force used in the latter case. The higher weld force for
the 3S~1/2H alloy was required to prevent expulsion due to higher sur—
face resistance. The use of a weld force of 1000 pounds instead of 800
pounds for the dissimilar alloy combination would be of doubtful advantage,
however, since excessive sheet separation would occur at the higher
sound weld points on the curve.

Alclad 24LS~T to R-301~T"

Bcth the alloys, Alclad 24S-T and R—-301-T which are high-strength
aluminum alloys, are of the age-hardening type. Alclad 24S-T is normally

- aged at roem temperature, while the propertiss of the R-301~T alloy are
-derived from elevated—-temperature aging. FEach of the alloys is clad to

increase the resistance to corrosion. Alclad 24S-T has a pure~aluminum
cladding, while R-301-T has an aluminum-alloy cladding.

The metallographic structure of a typical spot weld in this die—
similer alloy combination is shown by the photographs in figure 11. The

-R—301 alloy is at the top in each picture. In this particular combination

there appear to be no outstanding differences in the effect of the heat
on the zone immediately surrounding the weld nugget. Each alloy exhibits

.-a zone of grain-boundary fusion and overaging, although the extent of the

heat-affected zone may be slightly greater in the Alclad 24S-T alloy.
Again the low-melting stringers extending from the ends of the weld are

vigible in each alloy,

The best stréngth—current characteristic obtained for the Alclad
24S-T — R—301-T combination is presented in figure 12. Sound welds
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heving an average shear strength of ‘40O to 750 pounds may be produced
over a renge in peak secondary current of about 12,000 amperes. This
current range is considerably greater than: that for most of the ‘dissimi-
lar alloy combinations. previously discussed. In comparing this curve_j”
with those of figures 8:.and 20 of reference 3 for the individual alloys,
it may be seen that the maximum—size sound weld in the d*sshmilar combi-
nation, that ig, 750~pound shear strength, is intermediate between the
values of 650 and 850 pounds for the R-301-T and Alclad 2hs-T alloys,
respectively., .The slope of the curve for. the dissimilar alloys,‘29 2
pounds per klloampere, is elightly less than that for- the Alclad ohs-T
alloy (33.3 1b per kiloampere) and less than for the R-301-T (35T 1b
per kiloampere) Thus - the effect of variations in welding* current on
the shear strength of the welds is less in the diesimilar combination
than. in the individual:-alloys.- This is possibly due to the glightly
higher weld force, 1000.pounds, -for the disgsimilar combination, instead
of the BOOﬁpound weld force for the indiv1dual a]loys. ‘

Alc‘ad 2h5—T to 11clad 75S—T

The spot weldlng oft A’clad 2hS~T to Alclad 758 T is again the com—
bining of two high—strength, age-hardening aluminum alloys. As with the
R-301 alloy, the properties of 755 alloy ere derived from elevated“
temperature aging. :

The microstructure of spot welds mede in thie dissimilar alloy com—
bination is shown in figure 13. The Alclad 24s-T alloy is at the top in
each picture. The 15X photograph reveals that the penetration of fusion
in each alloy is approximately the same. Some differences are evident
in the two alloys in the effect of the heat on the zone surrounding the
weld in the photogravh at  100X.‘' The zone of incipient fusion in the
Alclad 755-T alloy is considerably narrower than that in the Alclad
24S-T. In the Alclad 75S-T alloy the zone of overaging appears ag a _
narrow, denge black band surrounding the weld nugget, instead of a broad
diffuse zone as in the-Alcled 2u4S-T-alloy. In each alloy stringers of
extruded low-melting conetitwents are observed to éxtend from the ends of
the welds far out into the base sheet. It is also observed that the aver—
age -grain size.of the Alclad 7)S—T is ccnslderably larger than that of
the Alclad 24S-T Qlloy ;

The best strength—current characteristic obtained for this combing—
tion is presented in figure 1lk. . The maximum-size sound weld 1s roughly
the same as for the Alclad QhQ»T t0 3~301-T combination, probadbly 750 to
800 pounds. In comparing this curve with ‘that for the Alclad 75S~T
alloy in figure 17 of reference 3 it may be seen that the maximum-size
sound weld for the dissimilar alloy combination is slightly greater than
for the Alclad 75S-T welded individually. The slope of the curve for the
dissimilar combination, 33.3 ﬁounds per kiloampere, is identical with

=




NACA TN No. '1322 | Wl

that for the Alclad 24S-T allo) and 81 ghtlv less than that of 37.5
pounde per. kiloampere for the Alclad 758~T alloy. The weld force for
~the: dissimilar &alloy comblnatlon was the same as that used for the indi-
vidual  alloys, thet is, 800 pounds. Increasing the weld force to 1000
pounds foir the combination might result in further slight improvement in
© the -quality of the welds at the upper end of the curve.’ However, the
sheet separation would be expected to increase apprec*ably -and poseibly
even apbroach the maximum . acceptable value for the very large welds. -

ke o0t

> R-—30l—~T to. Alclad 756=T

: Photomicrogranns of a tjp¢ﬁa1 spot weTq in the dlSSLmilar ailoys :
”fR—BOl—T to Alclad 758-Ty. which are two of the newer high—strength alumi~-
“hum:alloys in the fully heat—treatéd condition, are presented in"figure
<~ 15s The R-301 alloy is at the top in each picture, The photeograph at
" 15X shows a uniform. nugget, well centered in the 'sheets. The picturs at
" 100X shows stme rather remarkable differences in the structure of the
" he&at zone surrdunding the weld in each alloy. “The claadlng of - the Alclad
T58-T" sheet extends into: the weld glightly beyond the outer extremity of
the dendritic columnar 2one. ‘The heat-effected zone of ‘this elloy is -
similar to that described in the previoug discussion of the Alckad i 7
248-T to-Alclad 755-T combination. Thus there is a narrow zome of
grain-boundary fusion surrounding the weld nugget, within which isa -
narrow, dense black band of overaged alloy. The heat-affected zone of
vthe R-301-T alloy appears to be .quite similar to that ordinarily observed
in the 24S alloy. This is characterized by a broad, diffuse region of
inciprent grein-boundary fusion and oversging surrounding the weld
nugget, this region becoming more pronounced at the ends of the weld.
The cladding of the R-301~T sheet protrudes to the edge of the colummar
weld zons. The average grain size of the R-301 sheet is smaller than
that of- the Alclad 735— gheet.

A reasonably good strength-current ch*rarterletlc for this combi—
nation is:shown in figure 16. Unfortunately, for this’ curve, welds were
'not made at a sufficiently high current to indicate the point at which

cracks began to appear in the welds. Inasmuch as the welding conditions
, . were practically.identical with those used for the. individual alloys, it
‘may be presumed that the meximum—size sound weld which may be produced in
the diseimilar combination would have a shear strength in the neighbor-
hood of 700 to 750 pounds, corresponding to the strength obtainable in
‘each alloy welded individually. The approximate slope of the curve in

~ the strength range from 400 to 750 pounas is 33.3 pounds per’ klloampere,
as in the case of Alclad 24S-T.
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Alclad 75S—T to Bar T53-T

In certain inetances it is necespary to fabricate aircraft struc—
tures from high-strength aluminum alloys, only one of which is to be
exposed to corrosive elements. In euch cases it is desirable to Join
clad and bare alloy in order to cbtain the slightly higher otrength of the
bare alloy. The.Alclad 75S-T to bare 75S-T and the Alclad 24s-T to bare_
cLSAT combinatlons are examples of such applications.

Photomicrographs of a typical weld in this alloy combination are
presented in figure 17. The photograph at 15X reveals that the penetra-
tion of the fusilon is greater in the bare alloy (at the top of the pic-—
ture),which is to be expected. Since this is essentially a weld 1d two
similar alloys, the absence of selective attack by the etch enablee a

cledrer metallogrephic examination of this combination than is pogsible
with many of the dissimilar alloy combinaticns, one alloy of which is
attacked by the etch in preference to the other, As would be expected,
the heat-affected zons is similar in both the bare and the Alclad alloy
and is typical .of the structure seen in the dissimllar alloy welds dis—
cussed previously. ' One very notiesable phenomenon in the photomicrograph
‘at 100X, however; is the dense segregation of dark—-etched constituents,
at the ends of %“he welde. This megregation has also been observed in
the R-301-T alloy. It probably also occurs in the various ‘dissimilar
alloy combinations involving Alclad 758-T or R-301-T, although, because
of the depth of the attack of the etch upon the columnar zone of the
weld in such csses, it cannot be observed in the picture.

The optimum strength—current characteristic for the Alclad 755-T
to bare 755~T combination is shown in figure 18. The meximum—size sound
weld ob*ainable in this combination with the welding conditions used had
an average shear strength approaching 750 pounds. This was considerably
better than the maximun results obtained with bare 755-T alone (fig. lh,
reference 3) and about the same as those obtained with Alclad T55-T (fig.
17, -reference 3), In this particular curve expulsion of the welds in the
dissimilar alloy combination caused the strength to drop to 70O pounds ,
No significance is attached to the fact that such a drop in strength due
to expulsion did occur on this curve, yet did not occur on some of the
other curves. The slope of this curve over the sound-weld range above
4OO pounds shear strength is approximately 38.9 pounds per kiloampere as
compared with a slope of 26.9 pounds per kiloampere for the Alcled alloy
end 31.6 pounds per kiloampere for the bare alloy.

The current range over which sound welds may be produced, having an
average shkear strength of LOO to 750 pounds, is epproximately 9000 am-
peres for the dissimilar alloy combinaticn. This is to be compared with
a 10,000—ampere current range for the Alclad alloy and a TOOO--ampere
range for the bare alloy, with the particular welding conditions used for
each. (See reference 3.)
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CONCLUSIONS

As a result of this investigation of the spot welding of dissimilar
aluminum alloys in the 0.040-inch thicknese, the following conclusions
have been drawn:

1. Chemical treatment of dissimilar alloys to provide surfaces of
uniform resistance for spot welding is not a serious problem, provided
one of the alloys may be treated to produce a low, congistent surface
resistance. The sheet—-to-sheet resicteincs measurements of the dis-
gimiler alloy combination are almost invariably intermediate between
corresponding measurecments on the individual alloys treated under the
game conditiong. Also the consistency of the measurements in the dis—
similar combination is usually considerably better than the consistency
of the measursmente on the alloy which is less amenable to the treatment.

|
: |
2. A1l the dissimilar alloy combinations etudied were satisfactorily |
welded with Y4-inch-radius dome tips. As previously mentioned, this work 1
was limited to the 0.04O-inch gage. In welding & bare alloy to a clad

alloy of the same composition the penetration of the fusion in the bare

allcy is greater. Likewise in welding of two aluminum alloys having

widely different melting temperature ranges, the penetration of the

.fusion is greater in the alloy with the lower melting range. .

3+ The optimum weld force for spot-welding dissimilar alloys is
usually intermediate between the optimum values for the individval alloys.
For 0.04O~inch material the optimum weld force is in the range from 800 to
1200 pounds, depending upon the average surface hardness of the combina-
tion. (The optimum weld force for a particular job may be defined as the
maximum weld Yorce which may be used without the occurrence of excesgive
gheet soparo~ion prior tc expuleion, es the welding curreant is increased. )
A forge forcs of two to three times the weld force has been found suitable
for most diszimilar alloy ccombinations. When poseible, a forge—to-weld
force ratio of at least 2.5 : 1. is desirable.

4, A wave form having an average rate of current rise of approxi-
mately 3000 suiperes per millisecond is satisfactory for spot-welding dis—
similar aluminum alloye in the 0.04O-inch thickness.

5. A forge time (time from the initlation of current flow until the |
start of forging) of 38 milliseconds is satisfactcry for spot-welding dis— |
gimilar aluminum alloys in the 0.04O—inch thickness, when the wave form !
previously recommended is used, and the forging force reaches its maxi-
mum value in approximstely 12 milliseconds.
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6. The maximum shear strength of sound welds, and the current
range over which sound welds may be produced in each dissimilar alloy
combination are usually intermediate between the corresponding values
for the component alloys welded individually, agsuming that optimunm
welding conditions are used in each cass.

Welding Iaboratory,
Rensselaer Polytechnic Institute,
Troy, v Yoz Mavohiny 1045,
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TABLE I.- SURFACE TREATMENT OF DISSIMILAR ALUMINUM ALIOYS, 0.040-INCH THICKNESS

Average ‘Average ~ Average
' surface surface surface
Alloy A resistance Alloy B resistance registance
, of A of B of A& B
Chemical solution (microhms) (microhms) together
Hydrofluosilicic acid, Alclad 24s-T 4 i Bare 24s-T ' 10
H-SiFs, 3 percent by vol- 5 19 12
. ume, 80° F, Alloys A& B, N 17 10
"8 min L 16 11
l | & 18
Alclad 24S-T ;. 525-1/2H 19 1
‘ 5 e . -
i 3 28 L
Alloy A, HpSiFg, 3 percent Alclad 24S-T 3 61S-T 13 5
75° ¥, 8 min | L % 1y = 0
- 9 3h 215
Alloy B, HNOz, 3 percent, !
180° F, 8 min ‘ :
et e N ST SIS T ACRY. B8 SRS L = = _
Alloys A & B, HoSiFs, 1.5 ; Alclad 24s-T 6 35-1/2H Lk g
percent, 75° F, 8 min | 4 36 6
L 33 Lk
R — — oA .
Alloys A2 B, HeSiFg, 3 Alclad 24S-T | L Alclad 75S-T 21 N
percent, 75° F, 8 min | 5 78 7
| ¥ ) 11
Alloys A & B, HoSifg, 1.5 Alclad 24s-T | & R—301-T 8 5
percent, 75° F, 8 min | i L \ 3 8
: : ; i 11 5
. - P +
Alloys A & B, HoSiFe, 1.5 Alclad 758-T 13 Bare 755-T o 38
percent, 75° F, & nin 1h = i S
Alloys A & B, HzSiFs, 1.5 R-301-T 1% Alclad 75S-T 28 25
percent, 72° F, 10 min 36 35 17

geET "ON NI VOVN
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TABLE II.— SURFACE HARDNESS OF ALUMINUM ALLOYS

1322

Average surface

Alloy hardness, VPN
Bare 24S-T 1L45.0
Alclad 24S-T 43.3
Bare 75S~T 193.0
Alclad 75S--T 66.5
R-301~T 112.0
Alclad 24s-7-81 b37.6
615-T 115.0
35~1/2H 51.4
508-1/2H 90.7
1is-T 2 159.0
25-1/2H 43.0

8Extruded shape.

bClauding thickness = 18 percent of sheet thickness cm this
material instead of 10 percent as normally used for Alclad 24S-T.

TABLE III.-~ RELATIONSHIP OF SATISFACTORY WELD FORCE TO SURFACE
HARDNESS OF ALUMINUM ALLOYS, 0.0LO-INCH THICKNESS

Average of the surface hardnesses
of the alloys, VEN

Satisfactory weld force

(1b)

4o to 65
66 to 90
91 to 115
116 to 150

Above 130

800
1000
1200
1400

1600

e e

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS




TABLE IV.— SATISFACTORY WELD FORCE FOR SPOT-WELDING ALUMINUM ATLOYS,

0.0LO--INCH THICKNESS

(4-in.~radiue-dome- tip

electrodes)

[ In most cases the optimum weld force will be equivalent to these values or
else within 200 1b of these values.]

Alloy Aleled | Bare | 528-1/2H | 3S-1/2H | 61S-T | BR-301-T | Alclad | Bare | 24S—T-81 | 14S-T 2s-1/2H
24T | 24s-T i 755-T | 758-T
Alclad 24s-T| 800 ———-L———-a —————————————————————— e e pp— i L e—
Bare 2Ls-T 1200 1400 b == -t - - - - et ST -+ ——— e -—— e - - -
525--1/2H 1000 1400 1200 + = = — — e A T e e . e -
35-1/2H 800 1200 1000 800 it okt g g it = e e il -
61S-T 1000 1400 1200 1000 1200 4 = = = = 4 = - — —_—— ] - —— e
R-301-T 1000 1400 1200 1000 1200 1200 4 = = = e o e - —_——— e - - —
Alclad 755-T | 800 1200 1000 800 1000 1000 TN e o e el et e oo e S e N o e
Bare 75S-T 1400 | 1600 1400 1400 1600 1600 1400 600 |~ = = - = e
24s-17-81 800 1000 800 800 1000 | 1000 800 1200 800 j= = = === =~
1451 1200 1600 1400 1200 1400 | 1400 1200 1600 1200 1600 |~ - = =
2s-1/2H 800 1200 1000 800 1000 | 1000 800 1400 800 1200 800

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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NACA TN No. 1322 Fig. 1

Alclad 24S8-T

Bare 248-T

15X

Figure 1.- Photomicrographs of a spot weld in Alclad 24S-T
. to bare 2,;S-T combination, 0.040 inch.
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Weld strength, 1b
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Figure 2.~ Strength-current characterietic of Alclad 24S-T to bare ‘

24S-T. Thickness of both alloys, 0.040 inch: electrode

dome-tip radius, 4 inches; electrode force, 1200 pounds (weld),
2000 pounds (forge); forge timing, 38 milliseconds; average rate

of curreat rise,

3145 amperes per millisecond.
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Figure 3.- Strength-current characteristic of Alclad 24S=-T to

bare 24S-T. Thickness of both alloys, 0.040 inch;
electrode dome-tip radius, 4 inches; electrode force, 800
pounds (weld), 2000 pounds (forge); forge timing, 38 milli-
secondss average rate of current rise, <650 amperes per
millisecond.
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- Figure 4.~ Strength-current characteristic of Alclad 24S-T to bare
24S-T. Thickness of both alloys, 0.040 inch; electrode
dome-tip radius, 4 inches; electrode force, 1000 pounds (weld),
2000 pounds (forge); forge timing, 38 milliseconds; average rate
of current rise, 2845 amperes per millisecond.
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Fig. 5

j 53s8-1/2H

" Alclad 24S-T

528-1/2H

 Alclad 248-T

Figure 5.- Photomicrographs of a spot weld in Alclad 24S-T
to 528-1/2H combination, 0.040 inch.
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Figure 6.- 8trength-current characteristic of Alclad 24S8-T to

528-1§2H. Thickness of both alloys, 0.040 inch;
electrode dome-tip radius, 4 inches; electrode force, 800
pounds (weld), 2000 pounds (forge); forge timing, 38 milli-
geconds; average rate of current rise, 2925 amperes per
millisecond.
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618-T

Alclad 2348-T

618-T

Alclad 248-T

Figure 7.- Photomicrographs of a spot weld in Alclad 24S-T
to 618S-T combination, 0.040 inch.
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Figure 8.- Strength-current characteristic of Alclad 24S-T to
61S-T. Thickness of both alloys, 0.040 inchj; electrode

dome-tip radius, 4 inches; electrode force, 800 pounds (weld),

2000 pounds (forge); forge timing, 38 milliseconds; average rate

of current rise, 2930 amperes per millisecond. |
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Alclad 24S-T

38-1/2H

15X

38-1/2H

100X

1 Figure 9.- Photomicrographs of a spot weld in Alclad 24S-T
\ to 3S-1/2H combination, 0.040 inch.
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Figure 10.- Strength-current characteristic of Alclad 24S-T to

38~-1/2H. Thickness of both alloys, 0.040 inch;
electrode dome-tip radius, 4 inches; electrode force, 800
pounds (weld), 2000 pounds (forge); forge timing, 38 milli-
seconds; average rate of current rise, 3355 amperes per
millisecond.
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R-301-T

Alclad 248-T

15X

R-301-T

Alclad 24S-T

. Figure 1ll.- Photomicrographs of a spot weld in Alclad 24S-T
to R-301-T combination, 0.040 inch.
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Figure 12.- Strength-current characteristic of Alclad 24S-T to R-301-T. Thickness of

both alloys, 0.040 inch; electrode dome-tip radius, 4 inches; electrode
force, 1000 pounds (weld), 2000 pounds (forge); forge timing, 38 milliseconds;
average rate of current rise, 3040 amperes per millisecond.
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Alclad 24S-T

Alclad 758-T

Alclad 758-T

Figure 13.- Photomicrographs of a spot weld in Alclad 24S-T
to Alclad 758S-T combination, 0.040 inch.
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Figure 14.- Strength-current characteristic of Alclad 24S-T to clad

XB758-T. Thickness of both alloys, 0.040 inch; electrode

dome—ti? radius, 4 inches; electrode force, 800 pounds (weld), 2000
f

pounds
current rise, 2900 amperes per millisecond.
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R-301-T

" Alclad 758-T

15X

. “ R-301-T

Alclad 758-T

Figure 15.- Photomicrographs of a spot weld in R-301-T to
Alclad 758-T combination, 0.040 inch.
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Figure 16.- Strength-current characteristic of R-301-T to

clad XB758-T. Thickness of both alloys, 0.040 inch;
electrode dome-tip radius, 4 inches; electrode force, 800
pounds (weld), 2000 pounds (forge); forge timing, 33.4 milli-
seconds; average rate of current rise, 2630 amperes per
milliasecond.
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Bare 758-T

Alclad 758-T

15X

Bare 758-T

Figure 17.- Photomicrographs of a spot weld in Alclad 75S8-T
to bare 75S-T combination, 0.040 inch.
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; Figure 18.- Strength-current characteristic of clad XB75S-T to
’ bare XB758-T. Thickness of both alloys, 0.040 inch;
electrode dome-tip radius, 4 inches; electrode force, 1200
pounds (weld), 2000 pounds (forge); forge timing, 38 milli-
seconds; average rate of current rise, 3120 amperes per ,
millisecond. |




