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UAM TRANSITION FOR FUSION WELDING
OF DISSIMILAR METAL PARTS

BACKGROUND

[0001] Joining of dissimilar metals in the automotive
industry is typically accomplished through the use of adhe-
sives or mechanical fasteners. However, mechanical fasten-
ers require added weight, cost, parts, and assembly time.
Adhesives require specialized equipment, increased takt
time, and a separate thermal cycle to cure the adhesive to full
strength. Changing to a different joining process often
requires new infrastructure in factory assembly lines, cost-
ing additional capital investment, line re-design, and per-
sonnel training.

[0002] Fusion welding is also often used to join two metal
pieces. However, a barrier to fusion welding dissimilar metal
materials is the formation of intermetallic compounds
(IMCs), as well as solidification or “hot” cracking induced
by different solidification temperature ranges of different
molten compounds in the weld pool and galvanic corrosion.
IMCs are often brittle and can result in weak joint strength,
while hot cracking creates fractures in the weld pool as the
weld cools, and galvanic corrosion can result in joint failure
as one of more of the base metals erode due to exposure to
an electrolytic solution while in electrical contact with each
other.

[0003] One method of averting the problems of formation
of IMCs and solidification cracking is through the addition
of a filler material that dilutes the weld pool, preferentially
forms acceptable compounds, or provides physical separa-
tion of the incompatible elements in the weld pool. Filler
material is typically preplaced in a joint prior to welding or
added to the weld pool during welding as in Shielded Metal
Arc Welding (SMAW), Gas Metal Arc Welding (GMAW)
and some instances of Gas Tungsten Arc Welding (GTAW).
[0004] Galvanic corrosion can be prevented by accomo-
dating the change in electronegativity between the base
metals by incrementally using intermediate materials that
have electonegativty between that of the two base metals.
Additionally, by placing additional filler material between
the base metals, physical separation makes simultaneous
contact by an electrolytic solution less likely, thereby pre-
venting galvanic corrosion.

BRIEF DESCRIPTION

[0005] According to one aspect, a welded assembly com-
prises a first component including a first metal material, a
second component including a second metal material that is
different from the first metal material, a transition material
arranged between and contacting the first component and the
second component. The transition material comprises one or
more of a high entropy alloy, a pure element, and an alloy
that is not a high entropy alloy. The assembly also includes
an ultrasonic weld joining the transition material to the first
component, and a fusion weld joining the first component to
the second component. The fusion weld contacts the first
component, the second component, and the transition mate-
rial. The amount or level of one or more of galvanic
corrosion, intermetallic compounds, and solidification
cracking in the fusion weld is less than if the first component
was fusion welded directly to the second component without
having the transition material arranged between and con-
tacting the first component and the second component.
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[0006] According to another aspect, a method of making
a welded assembly comprises providing a transition material
ultrasonically welded to a first component, arranging the
transition material between the first component and a second
component such that the transition material contacts the
second component, and joining the first component to the
second component by forming a fusion weld between the
first component and the second component. The first com-
ponent comprises a first metal material, the second compo-
nent comprises a second metal material that is different from
the first metal material, and the transition material comprises
one or more of a high entropy alloy, a pure element, and an
alloy that is not a high entropy alloy. The fusion weld
contacts the first component, the second component, and the
transition material. Upon joining, the amount or level of one
or more of galvanic corrosion, the formation of intermetallic
compounds, and solidification cracking in the fusion weld is
reduced as compared to if the first component was joined
directly to the second component without having the tran-
sition material arranged between the first component and the
second component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a cross-sectional view of a welded assem-
bly including a resistance spot weld and a single-layer
transition material in accordance with the present subject
matter.

[0008] FIG. 2 is a cross-sectional view of a welded assem-
bly including a resistance spot weld and a multi-layer
transition material in accordance with the present subject
matter.

[0009] FIG. 3 is a cross-sectional view of still a welded
assembly including a fusion weld other than a resistance
spot weld, and a single-layer transition material in accor-
dance with the present subject matter.

[0010] FIG. 4 is a cross-sectional view of a welded assem-
bly including a fusion weld other than a resistance spot weld,
and a multi-layer transition material in accordance with the
present subject matter.

DETAILED DESCRIPTION

[0011] Referring now to FIGS. 1-4, a welded assembly 2
includes a first component 4 comprising a first metal mate-
rial, a second component 6 comprising a second metal
material that is dissimilar to (i.e. different from) the first
metal material, and a transition material 8 arranged between
the first and second components 4, 6 and comprising a high
entropy alloy, pure element, or alloy sufficiently compatible
with the first material and second material. The transition
material 8 is ultrasonically welded to the first component 4
via a process such as ultrasonic additive manufacturing
(“UAM”) to create a solid-state interface (i.e. UAM weld or
ultrasonic weld 10) between the first component 4 and the
transition material 8, wherein the UAM weld 10 includes a
portion of the first component 4 and the transition material
8.

[0012] UAM is a solid-state (i.e. no melting) metal weld-
ing process based on ultrasonic metal welding, which pro-
vides fully dense, gapless three dimensional parts. In the
ultrasonic welding process, an ultrasonic welder may be
used, which includes a sonotrode (i.e. horn) driven by one or
more piezoelectric transducers to impart ultrasonic vibra-
tions under a compressive force to a metal part to be joined.
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The sonotrode operates at a vibration frequency typically
about 20 kHz or 40 kHz (nominal) that is transverse to the
metal part to create plastic deformation between the metal
part and the material to which it is being welded. When two
metal parts are being ultrasonically welded, vibrations
imparted by the sonotrode on the workpiece along with a
static compressive force cause a metallurgical bond to form
between the two metal parts. Process temperatures are low,
typically below 150° C., and thus inhibit the formation of
brittle IMCs, inhibit altering the microstructure of the bulk
of the joined metals, and inhibit heat-induced distortion or
property degradation of the joined metals.

[0013] Ultrasonic welding is useful for joining the transi-
tion material 8 to the first component 4 because it is a low
temperature process—meaning that it may not alter the
effect of prior heat treatments or the microstructure of the
first component 4 on a meso- or macro-scale, and is able to
join dissimilar metal materials without formation of adverse
IMCs. Second, ultrasonic welding produces a continuous
hermetic bond between the first component 4 and the
transition material 8, such that the interface between the
bonded structures can be isolated from the exterior environ-
ment thereby avoiding corrosion or infiltration by contami-
nants such as an electrolyte.

[0014] Further, UAM is a solid state process that requires
no other material to form the ultrasonic weld 10. The UAM
process thus results in the absence of any contaminants that
would be in the weld pool if an adhesive or other substance
is used to maintain the location of the transition material 8
relative to the first component 4. Ultrasonic welding the
transition material 8 to first component 4 allows the transi-
tion material 8 to be maintained at a desired location on the
first component 4 by preventing movement of the transition
material 8 with respect to the first component 4. This allows
the first component 4 and the transition mateiral 8 to be
transported, for example, from one location (e.g. a supplier)
to another location (e.g. a vehicle assembly line) while
keeping the transition mateiral 8 at a desired location on the
first component 4 for later fusion welding with the second
component 6. The UAM weld 10 is strong and durable, thus
allowing the transition material 8 to be welded to the first
component 4 at a separate time and place from the act of
joining the first component 4 to the second component 6.
[0015] After UAM welding the transition material 8 to the
first component 4, the first and second components 4, 6 are
then arranged so that the transition material is sandwiched
between the two components 4, 6, e.g. contacting the two
components 4, 6. The first and second components 4, 6 can
then be welded together by traditional resistance spot weld-
ing or any typical fusion welding method. Fusion welding
creates a fusion weld 12 (e.g. a resistance spot weld), and
also produces a heat affected zone 20 surrounding the fusion
weld 12.

[0016] Fusion welding is performed so as to form a fusion
weld 12 that, exclusive of the heat affected zone 20, con-
sumes (i.e. contacts) a portion the first component 4, a
portion of the second component 6, and a portion of the
transition material 8. As depicted, the fusion weld 12,
exclusive of the heat affected zone 20, extends through the
entire thickness of the transition material 8, through the
UAM weld 10, and contacts the first component 4 and the
second component 6.

[0017] The welding method used to create the fusion weld
12, or “weld nugget,” between the first and second compo-
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nents 4, 6 may include any known fusion welding method,
including but not limited to, resistance spot welding (RSW),
arc welding, radiation welding (e.g. laser welding), conduc-
tion welding, induction welding, flame contact welding, and
solid reactant welding. After welding, the fusion weld 12
contains a portion of both of the first and second components
4, 6, as well as a part of the transition material 8. In other
words, the fusion weld 12 contact the first component 4, the
second component 6, and the transition material 8 and
contains the first metal material, the second metal material,
and a portion of the transition material 8.

[0018] As depicted in FIGS. 1 and 2, the fusion weld 12
is confined to a central location between the first and second
components 4, 6 (which may be typical of a resistance spot
weld), and extends through the thickness (i.e. up and down
in the figures) and contacts the first component 4 and the
second component 6. Such fusion weld 12 may be a resis-
tance spot weld formed by resistance spot welding. As
depicted in FIGS. 3 and 4, the fusion weld 12 is not centrally
located between the first and second components 4, 6 as in
FIGS. 1 and 2, but instead consumes more of the first
component 4 than the second component 6, and extends
from one side (i.e. top in the figures) of the first component
4, towards and through the transition material 8, and extends
into the second component 6 (which may be typical of a
fusion weld other than resistance spot weld). As will be
appreciated, the fusion weld 12 can alternatively consume
more of the second component 6 than the first component 4,
and extend from one side (i.e. bottom in the figures) of the
second component 6, towards and through the transition
material 8, and into the first component 4. Such fusion welds
12 depicted in FIGS. 3 and 4 may be formed by a fusion
welding technique other than resistance spot welding, such
as arc welding, radiation welding (e.g. laser welding), con-
duction welding, induction welding, flame contact welding,
and solid reactant welding.

[0019] As indicated, the fusion weld 12 may be formed at
a remote time and location from the formation of the UAM
weld 10. For example, a parts supplier may form the UAM
weld 10 between the first component 4 and the transition
material 8 at the supplier’s production facility, and then ship
this part to a car manufacturer’s production facility, which is
remote in location from the supplier’s production facility.
The part, including the transition material 8 UAM welded to
the first component 4, can be joined by fusion welding the
second component 6 to the part at the car manufacturer’s
production facility at a time remote from the formation of
the UAM weld 10. This arrangement allows for the produc-
tion of the welded assembly 2, without requiring the car
manufacturer’s facility to be modified or upgraded to allow
for UAM welding. The UAM welding being performed
off-site at the supplier’s production facility, allows the car
manufacturer to save time and money that would otherwise
be necessary to upgrade the production facility to allow for
UAM welding.

[0020] In several embodiments, the first component 4 and
the second component 6 are made from dissimilar materials
(e.g. materials having different electrode potentials). How-
ever, this is not required, and the first and second compo-
nents 4, 6 may be made of the same material. In several
embodiments, the first component 4 comprises or consists of
a first metal material, and the second component 6 comprises
or consists of a second metal material that is different from
the first metal material. In a non-limiting embodiment, one
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of the first and second metal materials includes or consists
of aluminum or an aluminum-based alloy, and the other of
the first and second metal materials includes or consists of
steel or a steel-based alloy. In one aspect, the first metal
material includes or consists of aluminum or an aluminum-
based alloy, and the second metal material includes or
consists of steel or a steel-based alloy. In another aspect, the
first metal material includes or consists of steel or a steel-
based alloy, and the second metal material includes or
consists of aluminum or an aluminum-based alloy.

[0021] As depicted, the first component 4 does not contact
the second component 6, and is instead separated by the
transition material 8, wherein the transition material 8 con-
tacts the first component 4 and contacts the second compo-
nent 6. When the first and second components 4, 6 are made
of dissimilar materials (e.g. aluminum and steel), this iso-
lation of and increased distance between the first component
4 from the second components 6 using the transition mate-
rial 8 inhibits corrosion (e.g. galvanic corrosion between
aluminum and steel) that could otherwise result if there was
contact between the dissimilar metals.

[0022] In one embodiment, the transition material 8 is
joined to the second component 6 only by the fusion weld
12. That is, the transition material 8 is not UAM welded to
the second component 6. In another embodiment, the tran-
sition material 8 may be UAM welded to the second
component 6 and the first component 4, e.g. before fusion
welding the first component 4 to the second component 6.
[0023] The transition material 8 can be selected so as to be
compatible with the first material and the second material.
By “compatible,” it is meant that the transition material
inhibits one or more of galvanic corrosion, the formation of
IMCs, and solidification cracking when the assembly 2 is
fusion welded. The transition material 8 can be a single
material such as a high entropy alloy, a traditional alloy (an
alloy that is not a high entropy alloy), or a pure element such
as a metal. By choosing an appropriate transition material 8
that is compatible with the first material and the second
material, the elemental composition of the weld pool can be
sufficiently diluted such that one or more of galvanic cor-
rosion, the formation of adverse IMCs, or solidification
cracking is suppressed below a critical level, or eliminated
by the formation of energetically preferential compounds.
The transition material 8 (i.e. high entropy alloy, a tradi-
tional alloy, or a pure element) may be considered compat-
ible if upon fusion welding, the transition material 8 results
in a reduced amount or level of one or more of galvanic
corrosion, the formation of IMCs, and solidification crack-
ing in the fusion weld, as compared to fusion welding the
first component 4 directly to the second component 6
without having the transition material 8 arranged therebe-
tween and contacting the first component 4 and the second
component 6.

[0024] In steel-aluminum welds, these single materials
used in the transition material 8 may be, or may contain,
elements such as vanadium, niobium, silicon, magnesium,
beryllium, copper, zinc, nickel, or rare-earth elements. The
transition material 8 may consist of elements that serve as
barriers to element diffusion and mixing (i.e. diffusion
barrier) between the first and second components 4, 6. Such
barrier elements may include vanadium or tantalum in
steel-titanium welds, and silicon in steel-aluminum welds. In
some embodiments, as a portion of the transition material 8
is consumed during fusion welding, the transition material 8
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dilutes the weld pool with material (e.g. additional elements
not present in the first or second components) or acts as a
diffusion barrier, which thereby inhibits one or more of
galvanic corrosion, the formation of IMCs, and solidification
cracking in the fusion weld 12. In other embodiments, the
diluting or barrier material is present in at least one of the
first and second components 4, 6. The fusion weld 12 can
comprise elements or compounds from the first component
4 (i.e. the first metal material), the second component 6 (i.e.
the second metal material), and the transition material 8 (i.e.
high entropy alloy). For fusion welds formed between steel
and aluminum, the transition material 8 may include silicon,
magnesium, beryllium, copper, zinc, nickel, or rare-earth
metals. For fusion welds formed between steel and titanium,
the transition material 8 may include vanadium or tantalum.
[0025] In this invention, the transition material 8 can be a
single material such as a high entropy alloy. High-entropy
alloys (HEAs) are metallic alloys that include five or more
principal elements in approximately equiatomic ratio, with
atomic concentration of each element varying from 5 to 35
atomic percent. HEAs may be used to maximize the con-
figurational entropy and suppress one or more of galvanic
corrosion, the formation of IMCs, and solidification crack-
ing in the fusion weld 12 during or after fusion welding. In
a non-limiting embodiment, the transition material 8
includes a HEA system of AlxCoCrFeNi (x=0.1 to 0.3). Use
of this, or other HEAs may result in the formation of a solid
solution, instead of IMCs, in the fusion weld 12.

[0026] When AlxCoCrFeNi (x=0.1 to 0.3) as used as
transition material 8 between steel and aluminum first and
second components 4, 6, the interfacial microstructures of
the fusion weld 12 may contain a large iron (Fe) diffusion
between the steel component and the HEA, thus forming a
strong bond; and may contain silicon oxidation at the
interface between the aluminum and the HEA. Moreover,
the strength of the joint may increase as the welding time
increases.

[0027] The transition material 8 can also comprise a pure
element, such as nickel. When nickel is used as a transition
layer 8 between steel and titanium or a titanium-based alloy
for the first and second component 4, 6, the presence of
nickel may sufficiently dilute the weld pool to prevent the
formation of brittle Fe—Ti IMCs and/or solidification crack-
ing, which typically cause welds between ferrous and tita-
nium pieces to fail.

[0028] The transition material 8 can also comprise an alloy
that is not a high entropy alloy, and that is similar to one of
the base metals but with the addition or omission of specific
alloying elements. As an example, an Al alloy with the
addition of zinc can reduce the thickness of an IMC layer
and/or solidification cracking below critical values when
welding to steel. An Al alloy with the addition of silicon can
similarly reduce or eliminate the IMC layer solidification
cracking, in addition to reducing the hardness of the tran-
sition zone between the Al base metal and steel base metal.
[0029] The transition material 8 may comprise a single-
layer or multi-layer structure. A single-layer transition mate-
rial 8 is depicted for example in FIGS. 1 and 3. A multi-layer
transition material 8 is depicted for example, in FIGS. 2 and
4.

[0030] The multi-layer transition material 8 (FIGS. 2 and
4) may include multiple layers of varying compositions, so
that the composition of the transition material 8 changes
from a side closest to the first component 4 to a side closest
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to the second component 6. In the embodiments depicted in
FIGS. 2 and 4, the various layers of the transition material
8 may be joined together, such as by solid state welding
techniques like UAM, or by roll bonding, diffusion welding,
clad welding, or sputtering of the various layers. Joining of
the layers of the transition material 8 may be performed
before the fusion welding of the assembly 2.

[0031] As depicted in FIGS. 2 and 4, the transition mate-
rial 8 includes a first layer 14 and a second layer 16. The first
layer 14 may be bonded to the second layer 16 other than by
the fusion weld 12, for example by a UAM joint 18 that is
formed by ultrasonic welding the first layer 14 to the second
layer 16. The first layer 14 is arranged closest to, and
contacting the first component 4. The first layer 14 is also
bonded by ultrasonic weld 10 to the first component 4. The
second layer 16 is arranged closest to, and contacting the
second component 6, but is not bonded to the second
component 6 other than by the fusion weld 12. The transition
material 8 can include additional layers, for example a third
layer, a fourth layer, etc.

[0032] The transition material 8 may have a gradient or
otherwise variable or changing composition as it goes from
interfacing the first component 4 to interfacing the second
component 6. Such gradient composition may be used in
order to place a particular composition closer to a first or
second component 4, 6 with which it is more compatible (i.e.
results in less of one or more of galvanic corrosion, IMCs,
and solidification cracking in the fusion weld 12). In FIGS.
2 and 4 for example, the first layer 14 may be more
compatible with the first material of the first component 4
and the second layer 16 may be more compatible with the
second material of the second component 6, such that the
fusion weld 12 contains less of one or more of galvanic
corrosion, intermetallic compounds, and solidification
cracking than if the second layer 16 was arranged closest to
the first component 4 and the first layer 14 was arranged
closest to the second component 6.

[0033] In an embodiment, the first layer 14 comprises a
silicon-containing Al alloy compatible with an Al base metal
4. In an embodiment, the second layer 16 comprises zinc or
a zinc-containing alloy compatible with a steel base metal 6.

[0034] The present subject matter includes a method of
making a welded assembly 2 by providing a transition
material 8 ultrasonically welded to the first component 4. In
an embodiment, the method includes ultrasonic welding the
transition material 8 to the first component 4. In this embodi-
ment, the transition material 8 may be brought into contact
with the first component 4 and then ultrasonically welded to
the first component 4 at a predetermined location on the first
component 4. The arrangement and bonding of the transition
material 8 at the predetermined location allows the first
component 4 to optionally be transported or stored, and then
later fusion welded to the second component 6 through the
transition material 8 in order to form an assembly 2 having
a desired configuration.

[0035] After the transition material 8 is ultrasonically
welded to the first component 4, the transition material 8 is
then arranged between the first component 4 and a second
component 6 such that the transition material 8 contacts the
second component 6. The first component 4 (and also the
transition material 8) is joined to the second component 6 by
fusion welding through the transition material 8 in order to
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form a fusion weld 12 between the first component 4 (and
through the transition material 8) and the second component
6

[0036] Fusion welding is conducted such that the fusion
weld 12 passes through the transition material 8 to contact
the first component 4 and the second component 6. In other
words, the fusion weld 12 consumes a portion of the first
component 4, a portion of the transition material 8, and a
portion of the second component 6. In this way, the fusion
weld 12 contain material from the first component 4, the
second component 6, and the transition material 8. The
transition material 8, in several embodiments, comprising a
high entropy alloy that inhibits the formation of IMCs
galvanic corrosion, and/or solidification cracking in the
fusion weld 12 that would otherwise form during or after
fusion welding together dissimilar materials of the first
metal material and the second metal material.

[0037] When the transition material 8 is a multilayer
structure (FIGS. 2 and 4), the method further comprises
welding together the layers of the multi-layer transition
material 8, including the first layer 14 and the second layer
16, at their interfaces. Welding together the first and second
layers 14, 16, and other layers of the multi-layer transition
material 8 if present, may be conducted before ultrasonic
welding the transition material 8 to a first component 4, and
before fusion welding the first component 4 to the second
component 6. In another embodiment, the layers of the
multi-layer transition material 8 may instead be sequentially
ultrasonically welded to the first component 4 one layer at a
time. In this embodiment, the first layer 14 may be ultra-
sonically welded to the first component 4 thereby forming
the UAM weld 10, and then the second layer 16 may be
ultrasonically welded to the first layer 14 thereby forming
the UAM joint 18. In still another embodiment (not shown),
the layers of the multi-layer transition material 8 may be first
ultrasonically welded independently to the respective first
component 4 and second component 6. In this embodiment,
the first layer 14 may be ultrasonically welded to the first
component 4, and the second layer 16 may be ultrasonically
welded to the second component 6. Thereafter, the first layer
14 and second layer 16 are brought into contact with each
other and fusion welded together to thereby fusion weld the
first component 4 to the second component 6.

[0038] The welded assembly 2 formed by the described
method may be used as a vehicle component or portion
thereof, for example as a frame member, panel member, or
other component of a vehicle. Because the transition mate-
rial 8 can be ultrasonically welded to the first component 4
at a time and location remote from the first and second
components 4, 6 being fusion welded together, it is possible
for the welded assembly 2 to be produced through known
vehicle assembly lines without any requirement for re-
tooling or additional capital investment to provide UAM
capabilities. The welded assembly can be mounted as part of
a vehicle, and optionally e-coated and subjected to painting
processes, including curing or baking paint that has been
applied to the welded assembly 2.

[0039] Further, the welded assembly 2 can include more
than one fusion weld 12, for example two or more fusion
weld that, exclusive of a heat affected zone 20, consume a
portion of each of the first component 4, the transition
material 8, and the second component 6. It will also be
appreciated that the fusion weld 12 can comprise a different
shape or size than shown in the figures, and can be a spot
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weld, a seam weld, or other type of weld. Further, the
arrangement of the first and second components 4, 6 are
depicted in the figures to form a lap joint However, the
present subject matter is not limited to this arrangement, and
includes other arrangements for the first and second com-
ponents 4, 6 so as to form for example, butt joints, T-joints,
flange joints, etc. Additionally, other components can be
welded to the first or second components 4, 6 using an
additional weld or using the fusion weld 12, such as the
fusion weld 12 depicted in FIGS. 3 and 4.

[0040] The present subject matter allows for the joining of
dissimilar metals using conventional fusion welding tech-
niques such that the fusion weld 12 contacts both the first
and second components 4, 6, while avoiding the formation
of detrimental IMCs galvanic corrosion, and/or solidifica-
tion cracking in the fusion weld 12, thereby producing
strong and durable welded joints between dissimilar mate-
rials.

[0041] It will be appreciated that variations of the above-
disclosed and other features and functions, or alternatives or
varieties thereof, may be desirably combined into many
other different systems or applications. Also that various
presently unforeseen or unanticipated alternatives, modifi-
cations, variations or improvements therein may be subse-
quently made by those skilled in the art which are also
intended to be encompassed by the following claims.

1. A welded assembly comprising:

a first component including a first metal material,

a second component including a second metal material
that is different from the first metal material,

a transition material arranged between and contacting the
first component and the second component, the transi-
tion material comprising one or more of a high entropy
alloy, a pure element, and an alloy that is not a high
entropy alloy,

an ultrasonic weld joining the transition material to the
first component, and

a fusion weld joining the first component to the second
component;

wherein the fusion weld contacts the first component, the
second component, and the transition material, and
wherein the amount or level of one or more of galvanic
corrosion, intermetallic compounds, and solidification
cracking in the fusion weld is less than if the first component
was fusion welded directly to the second component without
having the transition material arranged between and con-
tacting the first component and the second component.

2. The welded assembly according to claim 1, wherein the
fusion weld passes through the transition material to contact
the first component and the second component.

3. The welded assembly according to claim 1, wherein the
fusion weld includes the first metal material, the second
metal material, and the transition material.

4. The welded assembly according to claim 1, wherein:

the transition material is a multi-layer structure including
at least a first layer and a second layer;

the first layer is arranged closest to the first component;

the second layer is arranged closest to the second com-
ponent; and

the fusion weld contains less of one or more of galvanic
corrosion, intermetallic compounds, and solidification
cracking than if the second layer was arranged closest
to the first component and the first layer was arranged
closest to the second component.

Apr. 8,2021

5. The welded assembly according to claim 4, wherein at
least one layer of the multi-layer structure includes vana-
dium or niobium.

6. The welded assembly according to claim 4, wherein
layers of the multi-layer structure, including the first layer
and the second layer, are themselves welded together at their
interfaces other than by the fusion weld.

7. The welded assembly according to claim 1, wherein the
fusion weld is a resistance spot weld.

8. The welded assembly according to claim 1, wherein the
first metal material comprises aluminum, and the second
metal material comprises steel.

9. The welded assembly according to claim 1, wherein the
first component does not contact the second component.

10. The welded assembly according to claim 1, wherein
the transition material is joined to the second component
only by the fusion weld.

11. A method of making a welded assembly, comprising:

providing a transition material ultrasonically welded to a

first component,

arranging the transition material between the first com-

ponent and a second component such that the transition
material contacts the second component, and

joining the first component to the second component by

forming a fusion weld between the first component and

the second component;
wherein the first component comprises a first metal material,
the second component comprises a second metal material
that is different from the first metal material, and the
transition material comprises one or more of a high entropy
alloy, a pure element, and an alloy that is not a high entropy
alloy,
wherein the fusion weld contacts the first component, the
second component, and the transition material, and
wherein upon joining, the amount or level of one or more of
galvanic corrosion, the formation of intermetallic com-
pounds, and solidification cracking in the fusion weld is
reduced as compared to if the first component was joined
directly to the second component without having the tran-
sition material arranged between the first component and the
second component.

12. The method according to claim 11, wherein the fusion
weld passes through the transition material to contact the
first component and the second component.

13. The method according to claim 11, wherein the fusion
weld includes the first metal material, the second metal
material, and the transition material.

14. The method according to claim 11, wherein:

the transition material comprises a multi-layer structure

including at least a first layer and a second layer;

the first layer is arranged closest to the first component;

the second layer is arranged closest to the second com-

ponent; and

the fusion weld contains less of one or more of galvanic

corrosion, intermetallic compounds, and solidification
cracking than if the second layer was arranged closest
to the first component and the first layer was arranged
closest to the second component.

15. The method according to claim 14, further compris-
ing, before ultrasonic welding the transition material to the
first component, welding layers of the multi-layer structure,
including the first layer and the second layer, together at
their interfaces.
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16. The method according to claim 11, wherein providing
includes ultrasonic welding the transition material to the first
component.

17. The method according to claim 11, wherein the fusion
weld is a resistance spot weld.

18. The method according to claim 11, wherein the first
metal material comprises aluminum, and the second metal
material comprises steel.

19. The method according to claim 11, wherein the first
component does not contact the second component.

20. The method according to claim 11, wherein the
transition material is joined to the second component only
through the fusion weld.

#* #* #* #* #*
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