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METHOD FOR JOINING METALLIC
MEMBERS, JOINT STRUCTURE AND
BRAZING FILLER METAL

[0001] The present application is a continuation of U.S.
application Ser. No. 12/933,578, which entered the U.S.
National Stage on Sep. 20, 2010 from PCT Application No.
PCT/IP2009/057928, filed on Apr. 21, 2009. The contents of
the parent application are hereby incorporated in full by ref-
erence. The present invention relates to a method for joining
a Fe-based metallic member and an Al-based metallic mem-
ber by interposing a brazing filler metal between the Fe-based
metallic member and the Al-based metallic member, a joint
structure, and a brazing filler metal.

TECHNICAL FIELD

Background Art

[0002] Joint structure of metallic members, such as various

joints, is produced by joining dissimilar metallic members. In
the joining of dissimilar metallic members, brazing is con-
ducted by irradiating a brazing filler metal interposed
between those dissimilar metallic members with laser beam,
and heating the brazing filler metal. A joining layer is formed
thereby between the dissimilar metallic members. Thus, a
joint structure of metallic members is produced.

[0003] For example, in the case of using a Fe-based metal-
lic member containing a Fe-based material and an Al-based
metallic member containing an Al-based material as dissimi-
lar metallic members, Al and Zn do not form a compound
layer and forms an eutectic structure in a wide range. For this
reason, a Zn-based brazing filler metal is used as a brazing
filler metal. This can ensure strength between the Al-based
metallic member and the joining layer.

[0004] In order to suppress growth of a reaction layer (for
example, intermetallic compound layer) formed in the inter-
face part between the Fe-based metallic member and the
joining layer, it is effective to decrease a reaction temperature
and shorten a reaction time. For this reason, Al which
decreases a melting point of a brazing filler metal by forming
an eutectic alloy together with Zn is used as an additive
element (for example, see Patent Document 1).

[0005] However, in the casethat an intermetallic compound
layer formed in the interface part between the Fe-based metal-
lic member and the joining layer is brittle, the breakage may
be generated in such the intermetallic compound layer. As a
result, strength of a joint structure of dissimilar metallic mem-
bers was considerably decreased as compared with that of a
joint structure of similar metallic members.

[0006] When joining is conducted by laser irradiation at
low temperatures, heat input into a joined part of dissimilar
metallic members is conducted by thermal conduction from a
surface of the brazing filler metal. Therefore, in the interface
part of the joined part, thermal history is different every site.
For this reason, in the interface part of the joined part, a
reaction layer grows heterogeneously, thereby partially form-
ing an unreacted layer and increasing a thickness of the reac-
tion layer. As a result, joint strength was decreased. Particu-
larly, in order to obtain good joining in the joining of
dissimilar metallic members, a range of a joining temperature
is limited to a predetermined range, unlike similar metallic
members. Therefore, the problem due to the thermal history
was serious.
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PRIOR ART REFERENCES

Patent Document

[0007] Patent Document 1: Japanese Patent No. 3740858
SUMMARY OF THE INVENTION
[0008] One or more examples of the present invention pro-

vide a method for joining metallic members and a joint struc-
ture. The method can improve joint strength between a Fe-
based metallic member and an Al-based metallic member by
increasing joint strength in the interface parts between the
Fe-based metallic member and a joining layer.

[0009] The present inventors made keen investigations to
heating technology at the joining of a Fe-based metallic mem-
ber and an Al-based metallic member using a Zn-based braz-
ing filler metal. In the conventional joining using the Zn-
based brazing filler metal, only the Zn-based filler metal was
heated so as not to melt the Fe-based metallic member. As a
result of investigations to the conventional joining, the
present inventors have found that joint strength between the
Fe-based metallic member and the joining layer having a
Zn-based brazing filler metal can be increased by melting the
joined part of the Fe-based metallic member by heating at a
temperature higher than a melting point of the Fe-based mate-
rial.

[0010] According to one or more examples of the present
invention, in a method for joining the Fe-based metallic mem-
ber containing the Fe-based material and the Al-based metal-
lic member containing the Al-based material by interposing
the Zn-based brazing filler metal between the Fe-based metal-
lic member and the Al-based metallic member, the joined part
of'the Fe-based metallic member is heated at the temperature
higher than the melting point of the Fe-based material at the
joining.

[0011] Inthe method for joining metallic members accord-
ing to the above examples, the joined part of the Fe-based
metallic member containing the Fe-based material is heated
at the temperature higher than the melting point of the Fe-
based material at the joining. Therefore, an Al—Fe—Z7n sys-
tem intermetallic compound layer containing Al as a main
component can be formed in the interface part between the
Fe-based metallic member and the joining layer containing
the Zn-based brazing filler metal. The intermetallic com-
pound layer has high ductility, so that joint strength between
the Fe-based metallic member and the joining layer can be
increased. Consequently, joint strength between the Fe-based
metallic member and the Al-based metallic member can be
improved. Furthermore, since the joined part of the Fe-based
metallic member is heated at the temperature higher than the
melting point of the Fe-based material as described above, the
Zn-based material and a Fe—Z7n-based material vaporize. By
this, a plated portion plated on the Fe-based material vapor-
izes regardless of the kinds of plating such as GA plating or GI
plating, and as a result, good joint part can be obtained regard-
less of the kinds of plating. Furthermore, an oxide coating
film on the surface of the Fe-based material is removed by
vapor pressure in the melting and the vaporization by over-
heating. Therefore, even though flux is not used, good joining
of dissimilar materials can be conducted. The term “joined
part” used herein means a predetermined joint part between
the Fe-based metallic member and the Al-based metallic
member before joining, and the term “joint part” used herein
means the predetermined joint part after joining.
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[0012] Various constitutions can be used in the method for
joining metallic members according to the above examples.
Forexample, a groove shape is formed by the Fe-based metal-
lic member and the Al-based metallic member, a Zn-based
brazing filler metal is placed in the groove shape, and in the
joining, a center line of laser beam can be positioned at the
Fe-based metal member side relative to the center line of the
groove shape. In this embodiment, the Fe-based material of
the Fe-based metallic member can selectively be melted.
Therefore, an intermetallic compound layer can be formed
into a stable layer shape over the entire interface part between
the Fe-based metallic member and the joining layer. Further-
more, since the Al-based material of the Al-based metallic
member is not excessively heated, the Al-based material can
be prevented from dropping down. Consequently, joint
strength between the Fe-based metallic member and the Al-
based metallic member can further be improved.

[0013] The joined part of the Fe-based metallic member
can be heated such that a key hole is formed in the Fe-based
metallic member at the joining. The “key hole” used herein
means a hollow portion formed by melting a metallic mem-
ber. In this embodiment, the Zn-based brazing filler metal
flows into the melted portion of the Fe-based metallic mem-
ber at the joining, and therefore, a shape that the joining layer
is fitted to the Fe-based metallic member can be obtained.
Furthermore, laser multiply reflects in the key hole. There-
fore, energy density is high, and the surface temperature in the
keyhole can be maintained uniformly. This can uniformly
form a metal compound layer containing the Al—Fe—Z7n
system intermetallic compound over the upper portion, the
central portion and the lower portion of the joint part. As a
result, strength at the joint part between the Fe-based metallic
member and the joining layer can further be increased, and
consequently, joint strength between the Fe-based metallic
member and the Ai-based metallic member can further be
improved.

[0014] According to one or more examples of the present
invention, in the joint structure in which the Fe-based metallic
member containing the Fe-based material and the Al-based
metallic member containing the Al-based material are joined
by interposing the joining layer containing Zn as a main
component therebetween, the joining layer contains Al, and
an intermetallic compound layer containing an Al—Fe—Z7n
system intermetallic compound, whose main component is
Al, is formed in the interface part between the Fe-based
metallic member and the joining layer. Various constitutions
can be used in the joint structure of the metallic members
according to the above examples. For example, the joint struc-
ture can have a shape in which the joining layer is fitted to the
Fe-based metallic member.

[0015] According to the method for joining metallic mem-
bers or the joint structure according to the above examples,
the intermetallic compound layer containing the Al—Fe—
Zn-based intermetallic compound, whose main component is
Al can be formed in the interface part between the Fe-based
metallic member and the joining layer containing the Zn-
based brazing filler metal. Furthermore, the intermetallic
compound layer has high ductility, and therefore, the effect
that can increase joint strength between the Fe-based metallic
member and the joining layer can be obtained.

[0016] One or more examples of the present invention pro-
vide a brazing filler metal that can obtain strength of nearly
the same degree as that of a joint structure of similar metallic
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members in the joint structure of dissimilar metallic mem-
bers, and a method for joining metallic members using the
brazing filler metal.

[0017] The present inventors made keen investigations to a
brazing filler metal applied to the joining of dissimilar metals
using the Fe-based metallic member and the Al-based metal-
lic member as metallic members. Conventionally, in the case
of adding Si to Zn, a melting point of the resulting material
increases with the addition of Si, and becomes high as about
600 to 900° C., as shown in FIG. 18(A). For this reason, Si
was not investigated as an additive element of a brazing filler
metal. An element generally used as an additive element of
the Zn-based brazing filler metal is Al, which decreases a
melting point of the brazing filler metal by the formation of an
eutectic alloy with Zn, as shown in FIG. 18(B). FIG. 18(A) is
a Zn—Si system binary equilibrium diagram, and FIG. 18(B)
is a Zn—Al system binary equilibrium diagram (Source:
Binary Alloy Phase Diagrams, ASM International, Materials
Park).

[0018] On the other hand, the present inventors have found
that an intermetallic compound layer is not formed in the
interface part between the Fe-based metallic member and the
joining layer by using a Zn—Si-based brazing filler metal
containing Si as an additive element.

[0019] According to one or more examples of the present
invention, the brazing filler metal is a brazing filler metal used
to join the Fe-based metallic member containing the Fe-based
material and the Al-based metallic member containing an
Al-based material, and comprises Zn, Si and unavoidable
impurities.

[0020] The joining of dissimilar metallic members of the
Fe-based metallic member containing the Fe-based material
and the Al-based metallic member comprising an Al-based
material is conducted by using the Zn—Si-based brazing
filler metal containing Si as the additive element, and there-
fore, an intermetallic compound layer is not formed in the
interface part between the Fe-based metallic member and the
joining layer. In the case that the intermetallic compound
layer in the interface part between the Fe-based metallic
member and the joining layer is brittle, the joint structure
strength was decreased. However, such an intermetallic com-
pound layer is not formed by using the Zn—Si-based brazing
filler metal, and therefore, strength of the interface part
between the Fe-based metallic member and the joining layer
can be increased. As a result, joint strength nearly the same as
that of the joining of similar metallic members can be
obtained.

[0021] The brazing filler metal of the above examples can
use various constitutions. For example, the brazing filler
metal can contain 0.25 to 2.5% by weight of Si, and the
remainder being Zn and unavoidable impurities. This
embodiment can further improve joint strength (particularly,
peel strength).

[0022] According to one or more examples of the present
invention, the method for joining metallic members is a
method for joining the Fe-based metallic member containing
the Fe-based material and the Al-based metallic member con-
taining the Al-based material by interposing the brazing filler
metal between the Fe-based metallic member and the Al-
based metallic member. The brazing filler metal contains Zn,
Si and unavoidable impurities.

[0023] According to one or more examples of the present
invention, various constitutions can be used in the method for
joining metallic members. For example, the Fe-based metal-
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lic member in the joined part can be heated at a temperature
higher than a melting point of the Fe-based material. In this
embodiment, the joined part of the Fe-based metallic member
contains the Fe-based material can be heated at a temperature
higher than a melting point of the Fe-based material, and
therefore, the key hole can be formed in the joined part of the
Fe-based metallic member at the joining. The “key hole” used
herein means a hollow portion formed by melting a metallic
member. The term “joined part” used herein means a prede-
termined joint part between the Fe-based metallic member
before joining and the Al-based metallic member, and the
term “joint part” used herein means a predetermined joint part
after joining.

[0024] In the heating by laser irradiation, laser beam mul-
tiply reflects in the keyhole. Therefore, energy density is
increased in the key hole, and the entire surface from upper
side to the lower side in the key hole is heated nearly uni-
formly. By this, after heating the joined part, a molten
Zn—Si-based brazing filler metal entered the key hole can
uniformly react with the entire surface in the key hole. There-
fore, strength in the interface part between the Fe-based
metallic member and the joining layer can further be
increased, and consequently, joint strength of a joined struc-
ture can be further improved.

[0025] The Zn-based material and the Fe—Zn-based mate-
rial vaporize. By this, a plated portion plated on the Fe-based
material vaporizes regardless of the kinds of plating such as
GA plating or GI plating, and as a result, good joint part can
be obtained regardless of the kind of the plating. Furthermore,
an oxide coating film on the surface of the Fe-based material
is removed by vapor pressure in the melting and the vapor-
ization due to overheating. Therefore, even though flux is not
used, joining of good dissimilar metallic members can be
conducted well.

[0026] According to the brazing filler metal or the method
for joining metallic members using the same, according to
one or examples of the present invention, a brittle intermetal-
lic compound layer is not formed in the interface part between
the Fe-based metallic member and the joining layer. There-
fore, strength of the interface part between the Fe-based
metallic member and the joining layer can be improved, and
as a result, the resulting joined structure can obtain the effect
that can obtain joint strength as nearly the same as that in the
joining of similar metallic members.

[0027] One or more examples of the present invention pro-
vide a method for joining metallic members, that can improve
joint strength by preventing generation of thermal history
every site in the interface part of the joined part of dissimilar
metallic members.

[0028] According to one or more examples of the present
invention, in the method for joining plural metallic members
by the brazing filler metal using laser beam as a heat source,
the Fe-based metallic member containing the Fe-based mate-
rial and the Al-based metallic member containing the Al-
based material are used as metallic members, and the Zn-
based brazing filler metal is used as a brazing filler metal. In
the joining of the Fe-based metallic member and the Al-based
metallic member, the brazing filler metal is vaporized by the
irradiation with laser beam, the joined part of metallic mem-
bers is melted to form a key hole, and laser beam multiply
reflects in the key hole. The “key hole” used herein means a
hollow portion formed by melting a metallic member. The
term “joined part” used herein means a predetermined joint
part between the Fe-based metallic member and the Al-based
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metallic member before joining, and the term “joint part”
used herein means a predetermined joint part after joining.
[0029] In the joining method of the above examples, the
brazing filler metal is vaporized by the irradiation of laser
beam, the welded part of the metallic member is melted, and
the key hole is formed. During heating the welded part, the
vaporized brazing filler metal fills the key hole, and the
remaining brazing filler metal is present on the periphery of
the upper end portion of the key hole together with the molten
metal. After heating the welded part, those molten materials
enter the key hole, and form a reaction layer.

[0030] During heating the welded part, the laser beam mul-
tiply reflects in the key hole. Therefore, energy density is
increased in the key hole, and the entire surface from the
upper side to the lower side in the key hole is nearly uniformly
heated. By this, after heating the welded part, the molten
material entering the key hole can uniformly react with the
entire surface in the key hole. Furthermore, the joining at low
temperature is possible, and the molten material entering the
key hole can instantly be coagulated. As a result, the interface
part between the Fe-based metallic member and the joining
layer can uniformly be cooled.

[0031] Therefore, in the case that the reaction layer is
formed between the Fe-based metallic member and the join-
ing layer, the reaction layer has an uniform layer shape, and
joint strength can be improved. Furthermore, in the case that
the reaction layer is not formed between the Fe-based metal-
lic member and the joining layer, such a brittle layer is not
present, and additionally unevenness is not generated in
strength distribution in the interface part between the Fe-
based metallic member and the joining layer. As a result, joint
strength can greatly be improved.

[0032] Whenakeyholeisformed, joining area is increased.
Therefore, the above effect can well be obtained. Zn-based
plating and alloyed Fe—Zn-based plating vaporize. In this
case, plated portion plated on the Fe-based material vaporizes
regardless of the kinds of plating such as GA plating or GI
plating. As a result, good joint part can be obtained regardless
of'the kinds of plating. Furthermore, an oxide coating film on
the surface of the Fe-based material is removed by vapor
pressure in the melting and the vaporization due to overheat-
ing. Therefore, even though flux is not used, joining of dis-
similar metallic members can well be conducted.

[0033] In the joining of dissimilar metallic members, the
region of the joining temperature is limited to a predeter-
mined region unlike the case of similar metallic members.
Therefore, the method for joining metallic members accord-
ing to the above examples in which the entire surface from the
upper side to the lower side in the key hole can uniformly be
heated is particularly effective to the joining of dissimilar
metallic members in which the region of the joining tempera-
ture is limited to the predetermined region. The effect by this
is remarkable as compared with the conventional joining of
dissimilar metallic members.

[0034] According to one or more examples of the present
invention, in the method for joining plural metallic members
by the brazing filler metal using laser beam as a heat source,
the Fe-based metallic member containing the Fe-based mate-
rial and the Al-based metallic member containing the Al-
based material are used as the metallic members, the Zn-
based brazing filler metal is used as the brazing filler metal,
and a groove shape is formed by the Fe-based metallic mem-
ber and the Al-based metallic member. In the joining of the
Fe-based metallic member and the Al-based metallic mem-
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ber, the brazing filler metal is vaporized by the irradiation
with laser beam, and laser beam multiply reflects on the
surface of the groove shape.

[0035] Inthe method for joining metallic members accord-
ing to the above examples, in place of conducting multiple
reflection of laser beam in the key hole formed by melting the
welded part of the metallic members, the welded parts of the
metallic members are not melted, and multiple reflection of
laser beam is conducted in the groove shape formed by the
Fe-based metallic member and the Al-based metallic mem-
ber. By conducting multiple reflection of laser beam on the
surface of the groove shape formed by the Fe-based metallic
member and the Al-based metallic member, the entire surface
of the groove shape can nearly uniformly be heated. As a
result, the above effect by the multiple reflection can be
obtained.

[0036] According to the method for joining metallic mem-
bers according to the above examples, the multiple reflection
oflaser beam is conducted in the key hole or on the surface of
the groove shape, and therefore, the entire surface can nearly
uniformly be heated. As a result, the effect that the joint
strength in the interface part between the Fe-based metallic
member and the joining layer can be improved can be
obtained.

[0037] Other characteristic and effects are apparent from
the description of Examples and the claims attached.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG.1(A)andFIG. 1(B) show the state of producing
a joined structure by a method for joining metallic members
according to a first embodiment. FIG. 1(A) is a schematic
perspective view, and FIG. 1(B) is a side view of a joined part.

[0039] FIG. 2(A) and FIG. 2(B) show the example of irra-
diation state of laser beam to a joined part of metallic mem-
bers in FIG. 1(A) and FIG. 1(B). FIG. 2(A) is an enlarged
front view in the case that the center line of laser beam
consists with the center line of a groove shape of metallic
members, and FIG. 2(B) is an enlarged front view in the case
that the center line of laser beam shifts to the Fe-based metal-
lic member side from the center line of the groove shape of
metallic members.

[0040] FIG. 3 is a block diagram showing the joined struc-
ture of metallic members according to the first embodiment.

[0041] FIGS. 4(A) to 4(D) are SEM photographs of the
joined structure of metallic members of Example 1 according
to the first embodiment. FIG. 4(A) is a whole photograph of
the joint part and its neighborhood, FIG. 4(B) is a photograph
of an upper portion in a joined interface part between an
Fe-based metallic member and a joining layer, FIG. 4(C) is a
photograph of a central portion in a joined interface part
between an Fe-based metallic member and a joining layer,
and FIG. 4(D) is a photograph of a lower portion of a joined
interface part between an Fe-based metallic member and a
joining layer.

[0042] FIGS. 5(A) to 5(D) are SEM photographs of the
joined structure of metallic members of Example 2 according
to the first embodiment. FIG. 5(A) is a whole photograph of
the joint part and its neighborhood, FIG. 5(B) is a photograph
of an upper portion of a joined interface part between an
Fe-based metallic member and a joining layer, FIG. 5(C) is a
photograph of a central portion of a joined interface part
between an Fe-based metallic member and a joining layer,
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and FIG. 5(D) is a photograph of a lower portion of a joined
interface part between an Fe-based metallic member and a
joining layer.

[0043] FIGS. 6(A) to 6(D) are SEM photographs of the
joined structure of metallic members of Example 3 according
to the first embodiment. FIG. 6(A) is a whole photograph of
the joint part and its neighborhood, FI1G. 6(B) is a photograph
of an upper portion of a joined interface part between an
Fe-based metallic member and a joining layer, FIG. 6(C) is a
photograph of a central portion of a joined interface part
between an Fe-based metallic member and a joining layer,
and FIG. 6(D) is a photograph of a lower portion of a joined
interface part between an Fe-based metallic member and a
joining layer.

[0044] FIGS. 7(A) to 7(D) are SEM photographs of the
joined structure of metallic members of Comparative
Example 1. FIG. 7(A) is a whole photograph of the joint part
and its neighborhood, FIG. 7(B) is a photograph of an upper
portion of a joined interface part between an Fe-based metal-
lic member and a joining layer, FIG. 7(C) is a photograph of
a central portion of a joined interface part between an Fe-
based metallic member and a joining layer, and FIG. 7(D) is
a photograph of a lower portion of a joined interface part
between an Fe-based metallic member and a joining layer.
[0045] FIGS. 8(A) to 8(D) are SEM photographs of the
joined structure o metallic members of Comparative Example
2. FIG. 8(A) is a whole photograph of the joint part and its
neighborhood, FIG. 8(B) is a photograph of an upper portion
of'a joined interface part between an Fe-based metallic mem-
ber and a joining layer, FI1G. 8(C) is a photograph of a central
portion of a joined interface part between an Fe-based metal-
lic member and a joining layer, and FIG. 8(D) is a photograph
of a lower portion of a joined interface part between an
Fe-based metallic member and a joining layer.

[0046] FIGS. 9(A) to 9(D) are SEM photographs of the
joined structure of metallic members of Comparative
Example 3. FIG. 9(A) is a whole photograph of the joint part
and its neighborhood, FIG. 9(B) is a photograph of an upper
portion of a joined interface part between an Fe-based metal-
lic member and a joining layer, FIG. 9(C) is a photograph of
a central portion of a joined interface part between an Fe-
based metallic member and a joining layer, and FIG. 9(D) is
a photograph of a lower portion of a joined interface part
between an Fe-based metallic member and a joining layer.
[0047] FIGS. 10(A) and 10(B) show a schematic constitu-
tion of'the state of producing a joined structure by the method
for joining metallic members according a second embodi-
ment. FIG. 10(A) is a schematic perspective view, and FIG.
10(B) is a side view.

[0048] FIG. 11 is a cross-sectional view showing a consti-
tution of the joined part in which a key hole is formed at the
joining of the metallic members according to the second
embodiment.

[0049] FIG. 12 is a cross-sectional block diagram showing
one example of the joined structure obtained by the method
for joining metallic members according to the second
embodiment.

[0050] FIG. 13(A) is SEM photograph (left-side photo-
graph) of a joint part of a joined structure and enlarged SEM
photograph (right-side photograph) of an interface between
an Fe-based metallic member and a joining layer in the left-
hand photograph, and FIG. 13(B) is EPMA map analysis
photographs of the interface shown in the enlarged SEM
photograph of FIG. 13(A).
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[0051] FIG.14(A)and FI1G. 14(B) are SEM photographs of
an interface between an Fe-based metallic member and a
joining layer. FIG. 14(A) is SEM photograph of 3,000 mag-
nifications, and FIG. 14(B) is SEM photograph of 15,000
magnifications.

[0052] FIGS. 15(A) and 15(B) are schematic cross-sec-
tional views of a joined structure for explaining methods of a
flare tensile strength test and a peel strength test.

[0053] FIG. 16 is a graph showing strength of each sample
obtained in the flare tensile strength test.

[0054] FIG. 17 is a graph showing strength of each sample
obtained in the peel strength test.

[0055] FIG.18(A)is abinary equilibrium diagram of ZnSi,
and FIG. 18(B) is a binary equilibrium diagram of ZnAl.
[0056] FIGS. 19(A) and 19(B) show schematic constitu-
tions of the state of producing a joined structure by a method
for joining metallic members according to a third embodi-
ment. FIG. 19(A) is a perspective view, and FIG. 19(B) is a
view seen from an Al-based metallic member in FIG. 19(A).
[0057] FIGS. 20(A) to 20(D) show schematic constitutions
of the method for joining metallic members according to the
third embodiment, and FIGS. 20(A) to 20(D) are schematic
views seen from the same direction as in FIG. 19(B) in each
step.

[0058] FIGS. 21(A) to 21(D) show schematic constitutions
of the method for joining metallic members according to the
third embodiment, and FIGS. 21(A) to 21(D) are schematic
views seen from the front of FIG. 19(A) in each step.

[0059] FIGS. 22(A) and 22(B) are cross-sectional block
diagrams showing one example of a joined structure obtained
by the method for joining metallic members according to the
third embodiment.

[0060] FIGS. 23(A)to 23(D) show schematic constitutions
of a method for joining metallic members according to a
fourth embodiment, and FIGS. 23(A) to 23(D) are schematic
views seen from the front of FIG. 19(A) in each step.

[0061] FIGS. 24(A) and 24(B) are cross-sectional block
diagrams showing an example of the joined structure
obtained by the method for joining metallic members accord-
ing to the fourth embodiment.

[0062] FIGS. 25(A) to 25(D) are SEM photographs of the
joined structure of metallic members of the sample of
Example 1. FIG. 25(A) is a whole photograph of the joint part
and its neighborhood,

[0063] FIG.25(B) is a photograph of an upper portion of a
joined interface part between an Fe-based metallic member
and a joining layer, FIG. 25(C) is a photograph of a central
portion of a joined interface part between an Fe-based metal-
lic member and a joining layer, and FIG. 25(D) is a photo-
graph of a lower portion of a joined interface part between an
Fe-based metallic member and a joining layer.

[0064] FIGS. 26(A) to 26(D) are SEM photographs of a
joined structure of metallic members of the comparative
sample of Example 1. FIG. 26(A) is a whole photograph of
the joint part and its neighborhood, FIG. 26(B) is a photo-
graph ofan upper portion of a joined interface part between an
Fe-based metallic member and a joining layer, FIG. 26(C) is
a photograph of a central portion of a joined interface part
between an Fe-based metallic member and a joining layer,
and FIG. 26(D) is a photograph of a lower portion of a joined
interface part between an Fe-based metallic member and a
joining layer.

[0065] FIGS. 27(A) to 27(D) are SEM photographs of a
joined structure of metallic members of the comparative
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sample of Example 1. FIG. 27(A) is a whole photograph of a
joint part and its neighborhood, FIG. 27(B) is a photograph of
an upper portion of a joined interface part between an Fe-
based metallic member and a joining layer, FIG. 27(C) is a
photograph of a central portion of a joined interface part
between an Fe-based metallic member and a joining layer,
and FIG. 27(D) is a photograph of a lower portion of a joined
interface part between an Fe-based metallic member and a
joining layer.

[0066] FIG. 28(A) is SEM photograph (left-side photo-
graph) of a joint part of a joined structure of Example 2 and
enlarged SEM photograph (right-side photograph) of an
interface between an Fe-based metallic member and a joining
layer in the left-side photograph, and FIG. 28(B) is EPMA
map analysis photographs of the interface shown in the
enlarged photograph of FIG. 28(A).

[0067] FIGS. 29(A) and 29(B) are SEM photographs of an
interface between an Fe-based metallic member and a joining
layer of Example 2. FIG. 29(A) is SEM photograph of 3,000
magnifications, and F1G. 29(B) is SEM photograph of 15,000
magnifications.

[0068] FIGS. 30(A) and 30(B) are schematic cross-sec-
tional block diagrams of a joined structure for explaining
methods of a flare tensile strength test and a peel strength test
in Example 2.

[0069] FIG. 31 is a graph showing strength of each sample
obtained in the flare tensile strength test of Example 2.
[0070] FIG. 32 is a graph showing strength of each sample
obtained in the peel strength test of Example 2.

MODE FOR CARRYING OUT THE INVENTION

First Embodiment

[0071] A first embodiment of the present invention is
described below by referring to the Drawings. FIG. 1(A) and
FIG. 1(B) show the state that joining is conducted using a
method for joining metallic members according to the first
embodiment. FIG. 1(A) is a schematic perspective view, and
FIG. 1(B) is a schematic front view. FIG. 2(A) and F1G. 2(B)
show an example of irradiation state of laser beam to a joined
part of metallic members in FIG. 1(A) and FIG. 1(B). FIG.
2(A) is an enlarged front view in the case that the center line
oflaser beam corresponds to the center line of a groove shape
of metallic members, and FIG. 2(B) is an enlarged front view
in the case that the center line of laser beam shifts to an
Fe-based metallic member side from the center line of the
groove shape of metallic members.

[0072] The method for joining metallic members uses an
arrangement for producing, for example, a flare joint. The
Fe-based metallic member 1 containing the Fe-based material
and an Al-based metallic member 2 containing the Al-based
material are used as the metallic members. The Fe-based
metallic member 1 and the Al-based metallic member 2 have
curved portions 11 and 12, respectively. In the arrangement of
the Fe-based metallic member 1 and the Al-based metallic
member 2, the curved portions 11 and 12 are faced with each
other, and a groove shape 13 is formed by the curved portions
11 and 12. In this case, stepped portion is provided on a facing
part between the Fe-based metallic member 1 and the Al-
based metallic member 2.

[0073] Inthe method for joining metallic members accord-
ing to the first embodiment, a wire-shaped Zn-based brazing
filler metal 3 is fed to the central portion of the groove shape
13 formed by the curved portions 11 and 12 of the Fe-based
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metallic member 1 and the Al-based metallic member 2
through a wire guide 101, and during feeding, a tip portion of
the Zn-based brazing filler metal 3 is irradiated with laser
beam 102. The Zn-based brazing filler metal 3 can be any
brazing filler metal so long as Zn is a main component, and
may contain or may not contain Al. In the irradiation with the
laser beam 102, the joined part of the Fe-based metallic
member 1 is heated at a temperature higher than a melting
point of the Fe-based material as its constituent material.
[0074] In this case, the center line I of the laser beam 102
may correspond to the center line of the groove shape 13 as
shown in FIG. 2(A), but it is preferred that the center line I' of
the laser beam 102 positions at the Fe-based metallic member
1 side from the center line of the groove shape 13 as shown in
FIG. 2(B). “I” in FIG. 2(B) shows the center line of the laser
beam in FIG. 2(A). The joined part of the Fe-based metallic
member 1 is heated such that a key hole is formed in the
Fe-based metallic member 1. In this case, a shielding gas is
fed to the joined part, thereby shielding the joined part from
the atmosphere.

[0075] The heating by the irradiation with the laser beam
102 is conducted from the near side to the far side in FIG. 1
along the extending direction of the groove shape 13. As a
result, a joined structure 10 between the Fe-based metallic
member 1 and the Al-based metallic member 2 can be pro-
duced as shown in FIG. 3. The path of the laser beam 102
irradiated at the joining is shown in FIG. 3.

[0076] The joined structure 10 is provided with the Fe-
based metallic member 1 and the Al-based metallic member
2, and the joining layer 4 made of the Zn—Al-based material,
containing Zn as a main component and Al, is formed
between the Fe-based metallic member 1 and the Al-based
metallic member 2. An intermetallic compound layer 5 con-
taining an Al—Fe—Z7n system intermetallic compound con-
taining Al as a main component is formed in the interface part
between the Fe-based metallic member 1 and the joining
layer 4. The Al of the Al-based metallic member flows into the
joining layer 4 by welding. Therefore, even in the case that the
Zn-based brazing filler metal 3 does not contain Al, the join-
ing layer 4 and the intermetallic compound layer 5 contain Al.
In this case, the intermetallic compound layer 5 is preferably
formed along the entire interface of the interface part between
the Fe-based metallic member 1 and joining layer 4. Further-
more, in order that the intermetallic compound layer 5 has a
stable layer shape, its composition ratio is preferably Al: 40 to
60%, Fe: 30 to 40% and Zn: 10 to 25%. It is considered that
the intermetallic compound layer 5 has the following actions
and effects. That is, the intermetallic compound layer 5 has
the action to suppress a reaction between Fe and Al, and it is
presumed that this action prevents Al from flowing into the
Fe-based metallic member 1 and Fe from flowing in the
Al-based metallic member 2.

[0077] In the first embodiment, the joined part of the Fe-
based metallic member 1 is heated at a temperature higher
than a melting point of the Fe-based material at the joining.
Therefore, the intermetallic compound layer 5 made of an
Al—Fe—Z7n system intermetallic compound containing Al
as a main component can be formed in the interface part
between the Fe-based metallic member 1 and the joining
layer 4 containing the Zn-based brazing filler metal 3. The
intermetallic compound layer 5 has high ductility, and there-
fore can increase joint strength between the Fe-based metallic
member 1 and the joining layer 4. Consequently, joint
strength between the Fe-based metallic member 1 and the
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Al-based metallic member 2 can be improved. Furthermore,
by the heating at a temperature higher than a melting point of
the Fe-based material as described above, the Zn-based mate-
rial and the Fe—Zn-based material vaporize. By this, the
plated portion plated on the Fe-based material vaporizes
regardless of the kinds of plating such as GA plating or GI
plating. Consequently, good joint part can be obtained regard-
less of the kinds of plating. Furthermore, an oxide coating
film on the surface of the Fe-based material is removed by
vapor pressure in the melting and vaporization due to over-
heating. Therefore, even though flux is not used, good joining
of dissimilar materials can be conducted.

[0078] Particularly, in the joining, the Fe-based material of
the Fe-based metallic member 1 can selectively be melted by
positioning the center line I' of the laser beam 102 at the
Fe-based metallic member 1 side relative to the center line of
the groove shape 13. As a result, the intermetallic compound
layer 5 can be formed into a stable layer shape over the entire
interface part between the Fe-based metallic member 1 and
the joining layer 4. Furthermore, the Al-based material of the
Al-based metallic member 2 is not excessively heated, and
this can prevent the Al-based material from melting and drop-
ping down. Therefore, joint strength between the Fe-based
metallic member 1 and the Al-based metallic member 2 can
further be improved.

[0079] Atthejoining, the joined part of the Fe-based metal-
lic member 1 is heated such that the key hole is formed in the
Fe-based metallic member 1. Therefore, the Zn-based braz-
ing filler metal 3 flows into the molten part of the Fe-based
metallic member 1 at the joining. This makes it possible to
obtain a shape that the joining layer 4 is fitted to the Fe-based
metallic member 1. Laser multiply reflects in the key hole.
Therefore, energy density is high and temperature on the
surface in the key hole is maintained uniformly. This can
uniformly form the intermetallic compound layer 5 over the
upper portion, the central portion and the lower portion of the
joint part. Therefore, joint strength between the Fe-based
metallic member and the joining layer 4 can further be
improved, and consequently joint strength between the Fe-
based metallic member 1 and the Al-based metallic member 2
can further be improved.

[0080] The first embodiment is described in further detail
by referring to the specific examples.

[0081] InExamples 1 to 3 and Comparative Examples 1 to
3, two metallic members were arranged and a groove shape
was formed by curved portions of those metallic members, as
same as the arrangement embodiment shown in FIG. 1(A)
and FIG. 1(B). A wire-shaped Zn-based brazing filler metal
was fed to a central portion of the groove shape through a wire
guide, and while feeding, a tip portion of the Zn-based braz-
ing filler metal was irradiated with laser beam. Thus, a joined
structure of metallic members was produced.

[0082] Joining conditions of Examples 1 and 2 and Com-
parative Examples 1 to 3 are shown in Table 1. Regarding the
metallic member, the indication “Fe/Al” shows that a steel
plate which is the Fe-based metallic member and an Al alloy
plate which is the Al-based metallic member were used as two
metallic members. The indication “Fe/Fe” shows that the
steel plate which is the Fe-based metallic member was used as
two metallic members. Regarding the material of the brazing
filler metal, “ZnAl” shows that a ZnAl-based brazing filler
metal (containing unavoidable impurities) having a compo-
sition ratio (wt %) of Zn:A1=96:4 was used, and “Zn” shows
that a Zn-based brazing filler metal (containing unavoidable
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impurities) in which Al is not contained and Zn is 100 wt %
was used. Regarding the position of beam irradiation, the
indication “Center” shows the arrangement that the center
line of laser beam corresponds to the center line of the groove
shape of two metallic members (the arrangement of FIG.
2(A)), and the indication “Fe side” shows that the center line
of laser beam shifts 0.6 mm to the Fe-based metallic member
side from the centerline of the groove shape (the arrangement
of FIG. 2(B)).

TABLE 1
Combination
of matrixes
(Upper)
Material of Laser Wire
brazing filler beam feeding Irradiation Joining
metal Heating output speed position of speed
(Lower) state (kW) (m/min) laser beam (m/min)
Example 1 Fe/Al Fe 1.2 2.5 Fe side 1
ZnAl melted
Example 2 Fe/Al Fe 1.2 2.5 Center 1
ZnAl melted
Example 3 Fe/Al Fe 1.2 2.5 Fe side 1
Zn melted
Comparative Fe/Al Fenot 1 2 Center 1
Example 1 ZnAl melted
Comparative Fe/Al Fe 1.6 2 Center 1
Example 2 ZnAl melted
Comparative Fe/Fe Fe 1.2 2.5 Fe side 1
Example 3 ZnAl melted
[0083] Regarding other common joining conditions of

Examples 1 to 3 and Comparative Examples 1 to 3, a size of
two metallic members was that a length in horizontal direc-
tion in FIG. 1 is 82 mm and a length in longitudinal direction
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in FIG. 1 is 200 mm, and a height of the stepped portion at the
joined part of two metallic members was 5 mm. Ar gas was
used as a shielding gas, and its feed amount was 25 liters/min.
Irradiation angle of laser beam was 40°.

[0084] Regarding the thus-obtained joined structures of the
metallic members of Examples 1 to 3 and Comparative
Examples 1 to 3, the state of the joint part and its neighbor-
hood was observed using a scanning electron microscope
(SEM), and a composition ratio (atm %) of the joint part and
its neighborhood was obtained using an energy dispersion
X-ray analyzer (EDX analyzer). Then, joint strength of the
joined structures of Examples 1 to 3 and Comparative
Examples 1 to 3 was obtained. The results are shown in FIGS.
4 to 9 and Table 2.

[0085] FIGS. 4 to 9 are SEM photographs of the joined
structures of metallic members of Examples 1 to 3 and Com-
parative Examples 1 to 3. In each drawing, (A) is a whole
photograph of the joint part and its neighborhood, (B) is a
photograph of an upper portion P of a joined interface part
between the Fe-based metallic member and the joining layer
in (A), (C) is a photograph of a central portion Q in a joined
interface part between the Fe-based metallic member and the
joining layer, and (D) is a photograph of a lower portion R of
ajoined interface part between the Fe-based metallic member
and the joining layer. In Table 2, regarding the judgment of
strength, strength of the Al-based metallic member itself used
in the Examples and the Comparative Examples is about 240
N/mm, and joint strength between the Al-based metallic
members is about 140 N/mm. Therefore, in the case that joint
strength in each of the Examples and the Comparative
Examples is about 140 N/mm or more, its strength was indi-
cated as Good: A. The mark “A” in the evaluation means
“Good”, “B” means ‘Problem”, and “C” means

[0086] “Poor”.

TABLE 2

State of joined interface part (intermetallic

compound layer) between Fe-based metallic member

and joining layer

Site

Example 1 Upper
Central
Lower
Example 2 Upper
Central
Lower
Example 3 Upper
Central
Lower
Comparative ~ Upper
Example 1 Central
Lower
Comparative ~ Upper
Example 2
Central
Lower
Comparative ~ Upper
Example 3 Central
Lower

Composition ratio Joint
State of joined Al Fe Zn strength  Judgment
interface (atm %) (atm %) (atm %) (N/mm) of strength
Stable layer shape A 52 29 19 154 A
Stable layer shape A 52 29 19
Stable layer shape A 52 29 19
Layer shape having B 37 46 17 96 C
unclear boundary
Stable layer shape A 41 40 19
Layer shape having B 18 19 63
unclear boundary
Stable layer shape A 60 21 19 149 A
Stable layer shape A 58 23 19
Stable layer shape A 61 28 9
Stable layer shape A 40 37 23 37 C
Layer shape having B 25 35 40
unclear boundary
No intermetallic C  None None None
compound layer
Dendrite shape C 48 30 22 30 C
(No boundary surface)
Dendrite shape C 59 26 15
(No boundary surface)
Mottled shape C 30 9 61
Mottled shape C 70 15 15 56 C
Mottled shape C 65 15 20
Meander shape C 70 20 10
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[0087] In the joining of Example 1, as shown in Table 1, a
Fe-based metallic member and an Al-based metallic member
were used as two metallic members, and appropriate heat
input conditions in which a joined part of the Fe-based metal-
lic member is appropriately melted by heating were
employed. In the laser beam irradiation, the center line of
laser beam was shifted 0.6 mm to the Fe-based metallic
member side from the center line of a groove shape of two
metallic members. In the joined structure of Example 1
obtained by the joining conditions, as shown in FIG. 4 and
Table 2, the intermetallic compound layer made of the
Al—Fe—Z7n system intermetallic compound having a stable
layer shape was formed in all of the upper portion P, the
central portion Q and the lower portion R of the joined inter-
face part between the Fe-based metallic member and the
joining layer, and the layer was mostly occupied by a com-
pound having a composition ratio of Al:Fe:Zn=52:29:19
(about 5:3:2). The composition ratio obtained by SEM analy-
sis was Al:Fe:Zn=57:30:13. Joint strength of the joined struc-
ture of Example 1 was 154 N/mm.

[0088] In the joining of Example 2, as shown in Table 1, a
Fe-based metallic member and an Al-based metallic member
were used as two metallic members, and appropriate heat
input conditions in which a joined part of the Fe-based metal-
lic member is appropriately melted by heating were
employed. In the laser beam irradiation, the center line of
laser beam corresponded to the center line of a groove shape
of two metallic members. In the joined structure of Example
2 obtained by the joining conditions, as shown in FIG. 5 and
Table 2, the boundary surface between the intermetallic com-
pound layer made of the Al—Fe—Z7n system intermetallic
compound and the joining layer was unclear in the upper
portion P and the lower portion R of the joined interface part
between the Fe-based metallic member and the joining layer
as compared with the joined structure of Example 1, but the
intermetallic compound layer made of the Al—Fe—Z7n sys-
tem intermetallic compound having a stable layer shape was
formed in the central portion Q of the joined interface part
between the Fe-based metallic member and the joining layer.
The intermetallic compound layer was mostly occupied by a
compound having a composition ratio of Al:Fe:Zn=41:40:19.
Joint strength of the joined structure of Example 2 was 96
N/mm.

[0089] In the joining of Example 3, as shown in Table 1,
joining conditions were set to the same joining condition as in
Example 3, except forusing an Al-free Zn-based brazing filler
metal as a brazing filler metal, and laser beam irradiation was
conducted. In a joined structure of Example 1 obtained by the
joining conditions, as shown in FIG. 6 and Table 2, the inter-
metallic compound layer made of the Al—Fe—Z7n system
intermetallic compound having a stable layer shape was
formed in all of the upper portion P, the central portion Q and
the lower portion R of the joined interface part between the
Fe-based metallic member and the joining layer, and the layer
was mostly occupied by a compound having a composition
ratio of Al:Fe:Zn=58:23:19. Joint strength of the joined struc-
ture of Example 3 was 149 N/mm.

[0090] In the joining of Comparative Example 1, as shown
in Table 1, a Fe-based metallic member and an Al-based
metallic member were used as two metallic members, insuf-
ficient heat input conditions in which a joined part of the
Fe-based metallic member is not melted by heating were
employed, and in the laser beam irradiation, the center line of
laser beam corresponded to the center line of a groove shape
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of'two metallic members. In the joined structure of Compara-
tive Example 1 obtained by the joining conditions, as shown
in FIG. 7 and Table 2, the intermetallic compound layer made
of'the Al—Fe—7n system intermetallic compound having a
stable layer shape was formed in the upper portion P of the
joined interface part between the Fe-based metallic member
and the joining layer. However, the boundary surface between
the intermetallic compound layer made of the Al—Fe—Z7n-
based intermetallic compound and the joining layer was
unclear in the central portion Q of the joined interface part
between the Fe-based metallic member and the joining layer,
and an intermetallic compound layer was not formed in the
lower portion R of the joined interface part. Joint strength of
the joined structure of Comparative Example 1 was 37 N/mm.

[0091] In the joining of Comparative Example 2, as shown
in Table 1, a Fe-based metallic member and an Al-based
metallic member were used as two metallic members, exces-
sive heat input conditions in which a joined part of the Fe-
based metallic member is melted by excessively heating were
employed, and in the laser beam irradiation, the center line of
laser beam corresponded to the center line of a groove shape
of'two metallic members. In the joined structure of Compara-
tive Example 2 obtained by the joining conditions, as shown
in FIG. 8 and Table 2, the intermetallic compound layer made
of the intermetallic compound containing Al, Fe and Zn was
formed in the upper portion P, the central portion Q and the
lower portion R of the joined interface part between the
Fe-based metallic member and the joining layer. The inter-
metallic compound layer had a dendrite shape (no boundary
surface) in the upper portion P, and a mottled shape (no
boundary surface at joining layer side) in the central portion
Q4 and the lower portion R. Joint strength of the joined
structure of Comparative Example 2 was 30 N/mm.

[0092] In the joining of Comparative Example 3, as shown
in Table 1, a Fe-based metallic member was used as both of
two metallic members, appropriate heat input conditions in
which the joined part of the Fe-based metallic member is
melted by appropriately heating were employed, and in the
laser beam irradiation, the center line of laser beam was
shifted 0.6 mm to the Fe-based metallic member side from the
center line of a groove shape of two metallic members. In the
joined structure of Comparative Example 3 obtained by the
joining conditions, as shown in FIG. 9 and Table 2, the inter-
metallic compound layer made of'the intermetallic compound
containing Al, Fe and Zn was formed in the upper portion P,
the central portion Q and the lower portion R of the joined
interface part between the Fe-based metallic member and the
joining layer. The intermetallic compound layer had a mottled
shape (no boundary surface at joining layer side) in the upper
portion P and the central portion Q, and a meander shape in
the lower portion R. Joint strength of the joined structure of
Comparative Example 3 was 56 N/mm.

[0093] As described above, in the joined structures of
Examples 1 to 3, it was confirmed that by using the Fe-based
metallic member and the Al-based metallic member as metal-
lic members and using the heat input conditions in which Fe
is appropriately melted, the intermetallic compound layer
made ofthe Al—Fe—7n system intermetallic compound can
be formed in all of the upper portion P to the lower portion R
of the joined interface part between the Fe-based metallic
member and the joining layer and joint strength can be
improved, as compared with the joined structures of Com-
parative Examples 1 to 3. It was further confirmed that the
intermetallic compound layer has a stable layer shape regard-
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less of the presence or absence of Al in the Zn-based brazing
filler metal. In the case that the intermetallic compound layer
has a stable layer shape, it was confirmed that its composition
ratio is satisfied with Al: 40 to 60%, Fe: 30 to 40% and Zn: 10
to 25%.

[0094] Particularly, it was confirmed in the joined struc-
tures of Examples 1 and 3 that by shifting the irradiation
position of laser beam to the Fe-based metallic member side
from the center line of the groove shape, the Al—Fe—Z7n
system intermetallic compound layer having a stable layer
shape can be formed in all of the upper portion to the lower
portion of the joined interface part between the Fe-based
metallic member and the joining layer and joint strength can
be improved, as compared with the joined structure of
Example 2. It was further confirmed that the boundary
between the Fe-based metallic member and the joining layer
and the boundary between the Al-based metallic member and
the joining member become clear as the intermetallic com-
pound layer becomes a stable layer shape. It was understood
from this fact that the intermetallic compound layer has the
action to suppress a reaction between Fe and Al and the action
can prevent Al from flowing into the Fe-based metallic mem-
ber and Fe from flowing into the Al-based metallic member.

Second Embodiment

[0095] A second embodiment of the present invention is
described below by referring to the drawings. FIGS. 10(A)
and 10(B) show a schematic constitution of the state that
joining is conducted using a method for joining metallic
members according to a second embodiment. FIG. 10(A) is a
schematic perspective view, and FIG. 10(B) is a front view.
[0096] The method for joining metallic members uses an
arrangement for producing, for example, a flare joint. A Fe-
based metallic member 1001 containing a Fe-based material
and an Al-based metallic member 1002 containing an Al-
based material are used as the metallic members. The Fe-
based metallic member 1 and the Al-based metallic member 2
have curved portions 1011 and 1012, respectively. In the
arrangement of the Fe-based metallic member 1001 and the
Al-based metallic member 1002, the curved portions 1011
and 1012 face each other, and a groove shape 1013 is formed
by the curved portions 1011 and 1012. In this case, stepped
portion is provided on the faced part of the Fe-based metallic
member 1001 and the Al-based metallic member 1002.
[0097] Inthe method for joining metallic members accord-
ing to the present embodiment, a Zn—Si-based brazing filler
metal 1003 having a wire-shaped is fed to the central portion
of'the groove shape 13 through a wire guide 1101, and while
feeding, a tip portion of the Zn—Si-based brazing filler metal
1003 is irradiated with laser beam. The Zn—Si-based brazing
filler metal 1003 containing Zn, Si and unavoidable impuri-
ties. In this case, it is preferred that Si is contained in an
amount of0.25to 2.5% by weight, and the remainder contains
Zn and unavoidable impurities.

[0098] In the irradiation with laser beam 1102, it is pre-
ferred that the joined part between the Fe-based metallic
member 1001 and the Al-based metallic member 1002 is
heated at a temperature higher than a melting point of the
Fe-based material. FIG. 11 is a cross-sectional view showing
a schematic constitution of the joined part in which a keyhole
1005 is formed at the joining of the Fe-based metallic member
1001 and the Al-based metallic member 1002. In the joined
part, melting and evaporation of a material occurs by heating,
and the key hole 1005 is formed by evaporation reaction force
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(the arrow in FIG. 11) by the material evaporated. In this case,
the molten Zn—Si-based brazing filler metal is present on the
periphery of the laser irradiation part. In the key hole 1005,
the laser beam multiply reflects as shown dotted line in the
FIG. 11. Therefore, in the key hole 1005, energy density is
increased, and the entire surface from the upper side to the
lower side in the key hole 1005 is nearly uniformly heated. By
this, after passing the laser beam 1102, the molten Zn—Si-
based brazing filler metal entered the key hole 1005 can
uniformly react with the entire surface in the key hole 1005.
[0099] By conducting the heating by irradiation with the
laser beam 1102 to the groove shape 1013 from the near side
to the far side in FIG. 10 along the extending direction of the
groove shape 1013, a joined structure 1010 of the Fe-based
metallic member 1001 and the Al-based metallic member
1002 can be produced as shown in FIG. 12.

[0100] The joined structure 1010 is provided with the Fe-
based metallic member 1001 and the Al-based metallic mem-
ber 1002, and a joining layer 1004 containing a Zn—Si-based
material is formed between the Fe-based metallic member
1001 and the Al-based metallic member 1002. In the second
embodiment, an intermetallic compound layer is not present
in the interface part between the Fe-based metallic member
1001 and the joining layer 1004. In this case, in the joining
layer 1004, Si particles are scattered in a matrix, and smaller
particle diameter thereof is preferred. Specifically, the par-
ticle size of Siis preferably a size (for example, 10 pm or less)
which does not impair mechanical elongation possessed by
Zn. It is presumed that the formation of Si fine particles is
conducted by the cutting of crystal particles at an extrusion
process in the production of a brazing filler metal.

[0101] In the second embodiment, joining of dissimilar
metallic members between the Fe-based metallic member
1001 and the Al-based metallic member 1002 is conducted
using the Zn—Si-based brazing filler metal 1003. Therefore,
a brittle intermetallic compound layer is not formed in the
interface part between the Fe-based metallic member 1001
and the Al-based metallic member 1002. As a result, strength
of the interface part between the Fe-based metallic member
1001 and the joining layer 1004 can be improved, and con-
sequently the joined structure 1010 can obtain joint strength
nearly equal to that of the joining of similar metallic mem-
bers. Particularly, a brazing filler metal containing 0.25 to
2.5% by weight of Si and the remainder being Zn and
unavoidable impurities is used as the Zn—Si-based brazing
filler metal 1003, and therefore, joint strength (particularly
peel strength) can further be improved.

[0102] The molten Zn—Si-based brazing filler metal
entered the key hole 1005 formed in the joined part of the
Fe-based metallic member 1001 can uniformly react with the
entire surface in the key hole 1005, and strength of the inter-
face part between the Fe-based metallic member 1001 and the
joining layer 1004 can further be increased. As a result, joint
strength of the joined structure 1010 can further be improved.
[0103] A Zn-based material and a Fe—Zn-based material
vaporize. By this, plated portion plated on the Fe-based mate-
rial vaporizes regardless of the kinds of plating such as GA
plating or GI plating. Therefore, good joint part can be
obtained regardless of the kinds of plating. Furthermore, an
oxide coating film on the surface of the Fe-based material is
removed by vapor pressure in the melting and vaporization
due to overheating. Therefore, even though flux is not used,
joining of dissimilar metallic members can well be con-
ducted.
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[0104] The second embodiment is described in further
detail below by referring to the specific example.

[0105] In the example, the Fe-based metallic member and
the Al-based metallic member were arranged as same as the
arrangement embodiment shown in FIG. 10, and a groove
shape was formed by curved portions of those metallic mem-
bers. A Zn—Si-based brazing filler metal having wire-shaped
was fed to a central portion of the groove shape, and while
feeding, a tip portion of the Zn—Si-based brazing filler metal
having wire-shaped was irradiated with laser beam. Thus, a
flare joint-shaped joined structure of metallic members was
produced.

[0106] Joining conditions were that a light collection diam-
eter of laser beam is 1.8 mm, a laser output is 1.4kV, a joining
speed is 1 m/min, and a wire speed is 3.2 m/min. A steel plate
(JAC270, plate thickness: 1.0 mm, length in longitudinal
direction in FIG. 1: 200 mm, length in horizontal direction in
FIG. 1: 80 mm) was used as the Fe-based metallic member,
and an Al plate (A6K21-T14, plate thickness: 1.0 mm, length
in longitudinal direction in FIG. 1: 200 mm, length in hori-
zontal direction in FIG. 1: 80 mm) was used as the Al-based
metallic member.

[0107] In the above joining of metallic members, Zn—Si-
based brazing filler metals having different Si content (Si
content is 0.25 wt %, 1.0 wt % and 2.5 wt %) are provided,
joining of metallic members is conducted using each Zn—Si-
based brazing filler metal, and joined structures of metallic
members corresponding to each of the Zn—Si-based brazing
filler metals were obtained. Each joined structure was cut into
a strip in a direction perpendicular to a joining direction, and
plural test pieces were obtained. A wire diameter of all
Zn—-Si-based brazing filler metals was 1.2 mm. Various
evaluations were conducted using the thus-obtained test
pieces of the joined structures.

[EPMA Elemental Map Analysis and SEM Observation of
Interface Part Between Fe-Based Metallic Member and
Joining Layer]

[0108] A test piece of the joined structure obtained using
the Zn—Si-based brazing filler metal having Si content 0of'1.0
wt % was subjected to elemental analysis by an electron prove
microanalyzer (EPMA). The results obtained are shown in
FIG. 13(A) and FIG. 13(B). FIG. 13(A) is SEM photograph
(left-side photograph) of the joint part of the joined structure
and enlarged SEM photograph (right-side photograph) of the
interface between the Fe-based metallic member and the join-
ing layer in the photograph, and FIG. 13(B) is EPMA map
analysis photographs (Zn, Al, Fe and Si) of the interface
shown in the enlarged SEM photograph of FIG. 13(A).
[0109] Regarding a test piece of the same joined structure,
the interface between the Fe-based metallic member and the
joining layer was observed with a scanning electron micro-
scope (SEM). The results obtained are shown in FIG. 14(A)
and FIG. 14(B). FIG. 14(A) and FIG. 14(B) are SEM photo-
graphs of the interface between the Fe-based metallic mem-
ber and the joining layer. FIG. 14(A) is SEM photograph of
3,000 magnifications, and FIG. 14(B) is SEM photograph of
15,000 magnifications.

[0110] AsshowninFIG. 13(A), an intermetallic compound
layer formed in the conventional joined structure was not
observed in the interface between the Fe-based metallic mem-
ber and the joining layer of the present example. In the EPMA
elemental map analysis shown in FIG. 13(B), Si was uni-
formly scattered, and the interface of Fe and Zn (that is, the
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interface between the Fe-based metallic member and the join-
ing layer) was clearly observed. Al is Al of the Al-based
metallic member, which was solid-solubilized to the joining
layer by welding. Furthermore, as shown in the SEM photo-
graph of 3,000 magnifications of FIG. 14(A) and the SEM
photograph of 15,000 magnifications of FIG. 14(B), even
though magnification in SEM observation was increased, an
intermetallic compound layer formed in the conventional
joined structure was not observed in the interface between the
Fe-based metallic member and the joining layer of the present
example.

[0111] As a result of the above EPMA elemental map
analysis and SEM observation, it was confirmed that a brittle
intermetallic compound layer formed in a joined structure
joined with a Zn—Si-based brazing filler metal is not present
in the interface between the Fe-based metallic member and
the joining layer of the example of the present invention.

[Joint Strength Evaluation of Metal Joined Structure]

[0112] A testpiece of each joined structure using a Zn—Si-
based brazing filler metal having Si content of 0.25 wt %, 1.0
wt % or 2.5 wt % was subjected to a flare tensile strength test
and a peel strength test. Two pieces at the central portion side
of the joined structure and four test pieces at the both end
portion sides thereof were used as the test piece. Those test
pieces were allocated to each strength test, and one test piece
at the central portion side and two test pieces at both end
portion sides (total: three test pieces) were used in each of the
flare tensile strength test and the peel strength test.

[0113] In the flare tensile strength test, forces in mutually
opposite directions were applied to the extending portions in
a horizontal direction of the Fe-based metallic member 1021
and the Al-based metallic member 1022 that form a T-shape at
an area on which a joining layer 1023 was formed, as shown
in FIG. 15(A). In the flare tensile strength test, stress is most
applied at the portions indicated by the arrows A and B.

[0114] The results (flare tensile strength value and rupture
portion) are shown in Table 3 and FIG. 16. In Table 3, test
results of test pieces of joined structures corresponding to the
Zn—Si-based brazing filler metals having Si content of 0.25
wt %, 1.0 wt % and 2.5 wt % are indicated as Samples 11 to
13, respectively. Table 3 also shows the results of Compara-
tive Samples 11 and 12. Comparative Sample 11 is a test piece
of'the joined structure between the Fe-based metallic member
and the Al-based metallic member, obtained using a Zn—Al-
based brazing filler metal having an Al content of 6 wt % as
the brazing filler metal. Comparative Sample 12 is a test piece
of the joined structure of two Al-based metallic members,
obtained using the commercially available brazing filler
metal as a brazing filler metal. Test pieces of Comparative
Samples 11 and 12 are obtained by cutting the joined struc-
tures obtained into strips similarly to Samples 11 to 13. FIG.
16 shows an average value of flare tensile strength of each
sample and rupture portion.

[0115] Strength standard value of flare tensile strength test
(dashed-dotted line of FIG. 16) is set as follows. Joint length
of continuous welding equivalent to one shot of spot welding
is set to 20 mm, and spot welding of Al each other in JIS
23140 was taken as the standard. By this, tensile strength
standard of spot welding in which a plate thickness of Alis 1.2
mm is 1.86 kN/20 mm.
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TABLE 3
Combination Average
of matrixes value
(upper) of
Material Tensile tensile
of brazing strength in strength
filler metal each portion (kN/ Rupture
(lower) (kN/20 mm) 20 mm)  portion
Sample 11 Fe/Al 297 340 318 3.8 Al-based
ZnSi metallic
(Si content: member
0.25%) (HAZ)
Sample 12 Fe/Al 312 315 292  3.06 Al-based
ZnSi metallic
(Si content: member
1%) (HAZ)
Sample 13 Fe/Al 296 2.86 3.06 296 Al-based
ZnSi metallic
(Si content: member
2.5%) (HAZ)
Comparative Fe/Al 190 1.80 2.58 2.09 Interface
Sample 11 ZnAl between
(Al content: Fe-based
6%) metallic
member
and
brazing
filler metal
Comparative Al/AlL 335 251 240 2.75 Al-based
Sample 12 Commercially metallic
available member
brazing filler
metal
[0116] As shown in Table 3 and FIG. 16, tensile strength of

Samples 11 to 13 according to the second embodiment, which
are joined structures of dissimilar metallic members,
exceeded the strength standard value. Furthermore, tensile
strength of Samples 11 to 13 according to the second embodi-
ment was higher than tensile strength of Comparative Sample
11 that is a joined structure of dissimilar metallic members,
and was also higher than tensile strength of Comparative
Sample 12 that is a joined structure of similar metallic mem-
bers. It was confirmed that tensile strength was greatly
improved in a small Si content (0.25 wt %). It was further
confirmed that Samples 11 to 13 according to the second
embodiment were ruptured in the Al-based metallic member,
unlike Comparative Sample 11 that was ruptured in the inter-
face between the Fe-based metallic member and the joining
layer.

[0117] In a peel strength test, forces in mutually opposite
directions were applied to the extending portions in a hori-
zontal direction of the Fe-based metallic member 1021 and
the Al-based metallic member 1022 that form a T-shape at an
area opposite the area on which a joining layer 1023 was
formed, as shown in FIG. 15(B). In the peel strength test, by
concentrating high stress to a joined interface (the portion
indicated by the arrow C), strength of joined interface can be
measured.

[0118] The results (peel tensile strength value and rupture
state) are shown in Table 4 and F1G. 17. In Table 4, test results
of test pieces of joined structures corresponding to the
Zn—-Si-based brazing filler metals having Si content of 0.25
wt %, 1.0 wt % and 2.5 wt % are shown as Samples 21 to 23,
respectively. Table 4 also shows the results of Comparative
Samples 21 and 22. Comparative Sample 21 is a test piece of
the joined structure between the Fe-based metallic member
and the Al-based metallic member, obtained using the
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Zn—Al-based brazing filler metal having an Al content of 6
wt % as the brazing filler metal. Comparative Sample 22 is a
test piece of a joined structure of two Al-based metallic mem-
bers, obtained using the commercially available brazing filler
metal as the brazing filler metal. Test pieces of Comparative
Samples 21 and 22 are obtained by cutting the joined struc-
tures obtained into strips similar to Samples 21 to 23. FIG. 17
also shows average values of peel strength of each sample and
rupture portion.

[0119] Strength standard value of peel strength test
(dashed-dotted line of FIG. 17) is 80% of peel strength value
of'a test piece of Comparative Sample 22 (joined structure of
Al-based metallic members) which is a joined structure of
similar metallic members, obtained using the commercially
available brazing filler metal.

TABLE 4
Combination Average
of matrixes value
(upper) of
Material Peel Peel
of brazing strength in strength
filler metal each portion (kN/ Rupture
(lower) (kN/20 mm) 20 mm)  portion
Sample 21 Fe/Al 0.64 0.69 0.66  0.66 Al-based
ZnSi metallic
(Si content: member
0.25%) (HAZ)
Sample 22 Fe/Al 0.67 075 0.67 070 Al-based
ZnSi metallic
(Si content: member
1%) (HAZ)
Sample 23 Fe/Al 0.61 0.64 055 0.60 Interface
ZnSi between
(Si content: Fe-based
2.5%) metallic
member
and brazing
filler metal
Comparative Fe/Al 0.18 0.20 0.17 0.18 Interface
Sample 21 ZnAl between
(Al content: Fe-based
6%) metallic
member
and brazing
filler metal
Comparative Al/Al 0.75 0.69 0.7 0.71 Al-based
Sample 22 Commercially metallic
available member
brazing
filler metal
[0120] As shown in Table 4 and FIG. 17, peel strength of

Samples 21 to 23 according to the second embodiment that
are joined structures of dissimilar metallic members
exceeded the strength standard. It was confirmed that peel
strength of Samples 21 to 23 according to the second embodi-
ment was greatly improved in a small Si content (0.25%),
from the comparison with Comparative Sample 21 that is a
joined structure of dissimilar metallic members. It was further
confirmed that Samples 21 and 22 according to the second
embodiment were ruptured in the Al-based metallic member
similar to Comparative Sample 22 that is a joined structure of
similar metallic members, unlike Comparative Sample 21
which was ruptured in the interface between the Fe-based
metallic member and the joining layer. It is presumed that
peel strength of Sample 23 according to the second embodi-
ment was slightly decreased by the decrease in the joined
interface width due to the decrease in wettability, as com-
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pared with Samples 21 and 22 according to the second
embodiment, and Sample 23 was ruptured in the interface
between the Fe-based metallic member and the joining layer.
[0121] As described above, in the samples of the present
invention, which are the joined structures of dissimilar metal-
lic members using the Zn—Si-based brazing filler metal hav-
ing an Si content of 0.25 wt % to 2.5 wt %, its strength
exceeded the strength standard value. It was understood that
strength of the samples according to the second embodiment
was greatly improved in a small Si content (0.25 wt %) from
the comparison with Comparative Samples which are the
joined structures of the same dissimilar metallic members.
Particularly, it was understood that the samples of the present
invention, which are the joined structure of dissimilar metal-
lic members using the Zn—Si-based brazing filler metal hav-
ing an Si content of 0.25 wt % to 1.0 wt %, were not ruptured
in the interface between the Fe-based metallic member and
the joining layer, and were ruptured in the Al-based metallic
member, and from this fact, a strong joined structure like the
joined structure of similar metallic members can be obtained.
[0122] The brazing method in the examples used laser.
However, the brazing method is not limited to the use of laser,
and various means can be used. Specifically, arc brazing using
plasma, TIG or MIG as a heat source, furnace brazing (joining
using a preplaced brazing filler metal (sheet-shaped or rod-
shaped preplaced brazing filler metal) in a heating furnace),
high frequency brazing (heating a matrix by high frequency
induction heating (IH)) and the like can be used.

Third Embodiment

[0123] A third embodiment of the present invention is
described below by referring to the drawings. FIG. 19(A) and
FIG. 19(B) show schematic constitution of the state that join-
ing is conducted using a method for joining metallic members
according to a third embodiment. FIG. 19(A) is a schematic
perspective view, and FIG. 19(B) is a view seen from an
Al-based metallic member 2002 in FIG. 19(A).

[0124] The method for joining metallic members uses an
arrangement for producing, for example, flare joint. A Fe-
based metallic member 2001 containing a Fe-based material
and an Al-based metallic member 2002 containing an Al-
based material are used as the metallic members. The Fe-
based metallic member 2001 and the Al-based metallic mem-
ber 2002 have curved portions 2011 and 2012. In the
arrangement of the Fe-based metallic member 2001 and the
Al-based metallic member 2002, the curved portions 2011
and 2012 face each other, and a groove shape 2013 is formed
by those curved portions 2011 and 2012. In this case, stepped
portion is provided in the faced portion between the Fe-based
metallic member 2001 and the Al-based metallic member
2002.

[0125] Inthe method for joining metallic members accord-
ing to the third embodiment, a Zn-based brazing filler metal
2003 having wire-shaped is fed to the central portion of the
groove shape 2013 through a wire guide 2101, and while
feeding, a tip portion of the brazing filler metal is irradiated
with laser beam 2102. Since the Zn-based brazing filler metal
2003 can obtain a sufficient joint strength than a Sn-based
brazing filler metal, the Zn-based brazing filler metal 2003 is
preferred. The Zn-based brazing filler metal 2003 may con-
tain Al and Si as additive elements, and may not contain those.
In the case that Siused as an additive element, it is preferred
that Si is contained in an amount of 0.25 to 2.5 wt %, and the
remainder contains Zn and unavoidable impurities.
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[0126] Heating by irradiation with the laser beam 2102 is
conducted to the groove shape 2013 from the near side to the
far side in FIG. 19(A) along the extending direction of the
groove shape 1013. FIGS. 20(A) to 20(D) and FIGS. 21(A) to
(D) show the schematic constitutions of the method for join-
ing metallic members according to the third embodiment.
FIGS.20(A)to 20(D) are schematic views seen from the same
direction as FIG. 19(B) regarding each step, and FIGS. 21(A)
to 21(D) are schematic views seen from the front of FIG.
19(A) regarding each step. In FIGS. 20(A) to 20(D), the laser
beam 2102 moves to the right side in the drawings according
to the step sequence. In FIGS. 20(A) to 20(D), indication of
the Fe-based metallic member 2001 is omitted. In the heating
by the irradiation with the layer beam 2102, it is preferred that
a temperature of the joined part between the Fe-based metal-
lic member 2001 and the Al-based metallic member 2002 is
set to a temperature higher than a melting point of the Fe-
based material.

[0127] When the Zn-based brazing filler member 2003 is
melted by the irradiation with the laser beam 2102 as shown
in FIGS. 20(A) and 21(A), the molten Zn-based brazing filler
metal 2003 drops down on the groove shape 2013 and spreads
thereon as shown in

[0128] FIGS. 20(B) and 21(B). When the laser beam 2102
moves and is located on the molten Zn-based brazing filler
metal 2003 as shown in FIGS. 20(C) and 21(C), the molten
Zn-based brazing filler metal 2003 evaporates by the direct
irradiation with the laser beam 2102, and at the same time, the
joined part of the Fe-based metallic member 2001 and the
Al-based metallic member 2002 begins to melt. As aresult, a
key hole 2005 is formed in the joined part of the Fe-based
metallic member 2001 and the Al-based metallic member
2002 as shown in FIGS. 20(D) and 21(D).

[0129] In this case, the formation of the key hole 2005 is
conducted such that the key hole 2005 is filled with the
evaporated Zn-based brazing filler metal 2003. The Zn-based
brazing filler metal 2003 other than the evaporated portion is
present on the periphery of the upper end portion of the key
hole 2005 as a molten material 2006 together with the molten
Fe-based metallic member 2001 and Al-based metallic mem-
ber 2002(molten metals). In the key hole 2005, the laser beam
2102 multiply reflects as shown in the dotted line in the
drawings. As a result, energy density is increased in the key
hole 2005, and the entire surface of from the upper side to the
lower side in the key hole 2005 is nearly uniformly heated. By
this, the molten material 2006 entering the key hole 2005 after
passing the laser beam 2102 can uniformly react with the
entire surface in the key hole 2005.

[0130] By conducting the heating by irradiation with the
laser beam 2102 to the groove shape 2013 from the near side
to the far side in FIG. 19(A) along the extending direction of
the groove shape 2013, joined structures 2010A and 2010B of
the Fe-based metallic member 2001 and the Al-based metallic
member 2002 can be produced as shown in FIGS. 22(A) and
22(B). The joined structure 2010 is provided with the Fe-
based metallic member 2001 and the Al-based metallic mem-
ber 2002, and the joining layer 2004 containing a Zn-based
material is formed between the Fe-based metallic member
2001 and the Al-based metallic member 2002.

[0131] Inthe case that Siis not used as an additive element
to the Zn-based brazing filler metal 2003, an uniform layer-
shaped intermetallic compound layer 2007 is formed in the
interface part between the Fe-based metallic member 2001
and the joining layer 2004 as shown in FIG. 22(A). The
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intermetallic compound layer 2007 has the action to suppress
a reaction between Fe and Al, and it is presumed that the
action prevents Al from flowing into the Fe-based metallic
member 2001 and Fe from flowing into the Al-based metallic
member 2002.

[0132] In the case that Si is used as an additive element to
the Zn-based brazing filler metal 2003, an intermetallic com-
pound layer (reaction layer) is not present in the interface part
between the Fe-based metallic member 2001 and the joining
layer 2004 as shown in FIG. 22(B). In this case, in the joining
layer 2004, Si particles are scattered in the matrix, and smaller
particle diameter thereof is preferred. Specifically, it is pre-
ferred that the particle diameter of Siis a size (for example, 10
um or less) which does not impair mechanical elongation
possessed by Zn.

[0133] As described above, in the third embodiment, the
entire surface from the upper side to the lower side in the key
hole 2005 is nearly uniformly heated by multiple reflection of
the laser beam 2102 in the key hole 2005 during heating the
joined part. Therefore, after heating the joined part, the mol-
ten material 2006 entering the key hole 2005 can uniformly
react with the entire surface in the key hole 2005. Further-
more, joining at low temperature becomes possible. There-
fore, the molten material 2006 entering the key hole 2005 can
instantaneously coagulate. As a result, the interface part
between the Fe-based metallic member 2001 and the joining
layer 2004 can uniformly be cooled.

[0134] Therefore, in the case that the intermetallic com-
pound layer 2007 is formed between the Fe-based metallic
member 2001 and the joining layer 2004, the intermetallic
compound layer 2007 has a uniform layer shape, and this can
improve joint strength. In the case that the intermetallic com-
pound layer 2007 is not formed between the Fe-based metal-
lic member 2001 and the joining layer 2004, a brittle layer is
not present and unevenness is not generated in strength dis-
tribution in the interface part between the Fe-based metallic
member 2001 and the joining layer 2004. As a result, joint
strength can greatly be improved.

[0135] Formation of the key hole 2005 increases the joining
area. Therefore, the above effect can well be obtained. Zn-
based plating and alloyed Fe—Zn-based plating vaporize. In
this case, the plated portion plated on the Fe-based material
vaporizes regardless of the kinds of plating such as GA plat-
ing and GI plating. Consequently, good joint part can be
obtained regardless of the kinds of plating. An oxide coating
film on the surface of the Fe-based material is removed by
vapor pressure in the melting and evaporation due to over-
heating. Therefore, even though flux is not used, joining of
dissimilar metallic members can well be conducted.

Fourth Embodiment

[0136] Inafourthembodiment, in place of conducting mul-
tiple reflection of the laser beam 2102 in the key hole 2006
formed by melting the joined part of the Fe-based metallic
member 2001 and the Al-based metallic member 2002 as in
the third embodiment, the joined part of the Fe-based metallic
member 2001 and the Al-based metallic member 2002 is not
melted and multiple reflection of the laser beam 2102 is
conducted in a groove shape 2013 formed by the Fe-based
metallic member 2001 and the Al-based metallic member
2002. Other than the above, the fourth embodiment is the
same as the method for joining metallic members according
to the third embodiment. In the fourth embodiment, the same
constituent elements as in the third embodiment have the
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same reference numerals and signs, and the explanation of the
constituent elements having the same action as in the third
embodiment is omitted.

[0137] FIGS. 23(A) to 23(D) show schematic constitution
of the method for joining metallic members according to the
fourth embodiment. FIGS. 23(A) to 23(D) are schematic
views seen from the same direction as FIG. 19(B) regarding
each step. In FIGS. 23(A) to 23(D), the laser beam 2102
moves to the right side in the drawings according to the step
sequence.

[0138] When the Zn-based brazing filler member 2003 is
melted by the irradiation with the laser beam 2102 as shown
in FIG. 23(A), the molten Zn-based brazing filler metal 2003
drops down on the groove shape 2013 and spreads thereon as
shown in FIG. 23(B). When the laser beam 2102 moves and is
located on the molten Zn-based brazing filler metal 2003 as
shown in FI1G. 23(C), the molten Zn-based brazing filler metal
2003 evaporates by the direct irradiation with the laser beam
2102.

[0139] In this case, the above operation is conducted such
that the groove shape 2013 is filled with the evaporated Zn-
based brazing filler metal 2003. The Zn-based brazing filler
metal 2003 other than the evaporated portion is present on the
periphery of the upper end portion of the groove shape 2013.
On the surface in the groove shape 2013, the laser beam 2102
multiply reflects as shown in the dotted line in the drawings.
As aresult, energy density is increased in the key hole 2005,
and the entire surface from the upper side to the lower side in
the groove shape 2003 is nearly uniformly heated. By this, a
molten material 2006 entering the key hole 2005 after passing
the laser 2102 can uniformly react with the entire surface in
the key hole 2005.

[0140] By conducting the heating by irradiation with the
laser beam 2102 to the groove shape 2013 from the near side
to the far side in FIG. 19(A) along the extending direction of
the groove shape 2013, a joined structure 2020 of the Fe-
based metallic member 2001 and the Al-based metallic mem-
ber 2002 can be produced as shown in FIGS. 24(A) and
24(B). The joined structure 2010 is provided with the Fe-
based metallic member 2001 and the Al-based metallic mem-
ber 2002, and a joining layer 2014 containing a Zn-based
material is formed between the Fe-based metallic member
2001 and the Al-based metallic member 2002.

[0141] Inthe case that Siis not used as an additive element
to the Zn-based brazing filler metal 2003, an uniform layer-
shaped intermetallic compound layer 2017 is formed in the
interface part between the Fe-based metallic member 2001
and the joining layer 2014 as shown in F1G. 24(A). In the case
that Si is used as an additive element to the Zn-based brazing
filler metal 2003, an intermetallic compound layer (reaction
layer)is not present in the interface part between the Fe-based
metallic member 2001 and the joining layer 2014 as shown in
FIG. 24(B).

[0142] In the fourth embodiment, by conducting multiple
reflection of the laser beam 2102 on the surface of the groove
shape 2103 formed by the Fe-based metallic member 2001
and the Al-based metallic member 2002, the entire surface in
the groove shape 2013 can nearly uniformly be heated. As a
result, the same effect by multiple reflection as in the third
embodiment can be obtained.



US 2016/0167176 Al

Examples

[0143] The third embodiment and the fourth embodiment
are described in more detail by referring to the specific
examples.

(1) Example 1

Case Using Zn—Al-Based Brazing Filler Metal

[0144] In Example 1, a Fe-based metallic member and an
Al-based metallic member were arranged in the same
arrangement embodiment shown in F1G. 19(A), and a groove
shape was formed by curved portions of those metallic mem-
bers. A wire-shaped Zn—Al-based brazing filler metal was
fed to a central portion of the groove shape through a wire
guide, and while feeding, a tip portion of the Zn—Al-based
grazing filler member was irradiated with laser beam. Thus, a
flare joint-shaped joined structure of metallic members was
produced.

[0145] Regarding joining conditions, a size of two metallic
members had a length in a horizontal direction of 82 mm in
FIG. 19(A) and a length in a longitudinal direction of 200 mm
in FIG. 19(A), and a height of stepped portion in the joined
part of two metallic members was 5 mm. A brazing filler
metal having a composition ratio (wt %) of Zn:Al=96:4 was
used as a Zn—Al-based brazing filler member. Ar gas was
used as a shielding gas, and its feed amount was 25 liter/min.
Irradiation angle of laser beam was 40°, and joining speed
was 1 m/min.

[0146] In the above joining of metallic members, joined
structures of metallic members (Sample 111, and Compara-
tive Samples 111 and 112) were obtained by chaining laser
output and wire speed every sample and changing the forma-
tion state of the key hole every sample. In Sample 111, the
laser output was set to 1.2 kW, and the wire feeding speed was
set to 2.5 m/min. Thus, appropriate heat input conditions in
which the joined part of the Fe-based metallic member is
melted by appropriate heating in the formation of a key hole
were employed. In Comparative Sample 111, the laser output
was set to 1 kW, and the wire feeding speed was set to 2
m/min. Thus, insufficient heat input conditions in which the
joined part of the Fe-based metallic member is not melted by
heating in the formation of a key hole were employed. In
Comparative Sample 112, the laser output was setto 1.6 kW,
and the wire feeding speed was set to 2 m/min. Thus, exces-
sive heat input conditions in which the joined part of the
Fe-based metallic member is melted by excessively heating in
the formation of a key hole were employed.

[0147] Regarding joined structures of metallic members of
thus obtained Sample 111 and Comparative Samples 111 and
112, the state of the joint part and its neighborhood was
observed using a scanning electron microscope (SEM).
FIGS. 25 to 27 are SEM photographs of the joined structures
of metallic members of Sample 111 and Comparative
Samples 111 and 112. In each drawing, (A) is a whole pho-
tograph of the joint part and its neighborhood, (B) is a pho-
tograph of the upper portion P of the joined interface part
between the Fe-based metallic member and the joining layer,
(C) is a photograph of the central portion Q of the joined
interface part between the Fe-based metallic member and the
joining layer, and (D) is a photograph of the lower portion R
of the joined interface part between the Fe-based metallic
member and the joining layer.
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[0148] As shown in FIG. 25, in the joined structure of
Sample 111 in which appropriate heat input conditions were
employed to form the key hole, an intermetallic compound
layer made of Al—Fe—7n system intermetallic compound
having a stable layer-shaped was formed in all of the upper
portion P, the central portion R and the lower portion Q of the
joined interface part between the Fe-based metallic member
and the joining layer, and the boundary between the Fe-based
metallic member and the joining layer and the boundary
between the Al-based metallic member and the joining layer
became clear. Joint strength of the joined structure of Sample
11 was 154 N/mm.

[0149] As shown in FIG. 26, in the joined structure of
Comparative Sample 111 in which insufficient heat input
conditions were employed to form the key hole, an interme-
tallic compound layer made of Al—Fe—Z7n system interme-
tallic compound having a stable layer-shaped was formed in
the upper portion P of the joined interface part between the
Fe-based metallic member and the joining layer. However,
the boundary surface between the intermetallic compound
layer made of the Al—Fe—Z7n system intermetallic com-
pound and the joining layer was unclear in the central portion
Q of the joined interface part between the Fe-based metallic
member and the joining layer, and an intermetallic compound
layer was not formed in the lower portion R of the joined
interface part. Joint strength of the joined structure of Com-
parative Sample 111 was 37 N/mm.

[0150] As shown in FIG. 27, in the joined structure of
Comparative Sample 112 in which excessive heat input con-
ditions were employed to form a key hole, an intermetallic
compound layer made of an intermetallic compound contain-
ing Al, Fe and Zn was formed in the upper portion P, the
central portion R and the lower portion Q of the joined inter-
face part between the Fe-based metallic member and the
joining layer. However, the intermetallic compound layer had
a dendrite shape (no boundary surface) in the upper portion P
and a mottled shape (no boundary surface at joining layer
side) in the central portion Q and the lower portion R. Joint
strength of the joined structure of Comparative Sample 112
was 30 N/mm.

[0151] As described above, it was confirmed in the joined
structure of Sample 111 that by the multiple reflection of laser
beam under appropriate heat input conditions in the forma-
tion of a key hole, an uniform layer-shaped intermetallic
compound layer can be formed in all of the upper portion P to
the lower portion R of the joined interface part between the
Fe-based metallic member and the joining layer, and joint
strength can be improved, as compared with the joined struc-
tures of Comparative Examples 111 and 112. Particularly, it
was confirmed that the boundary between the Fe-based
metallic member and the joining layer and the boundary
between Al-based metallic member and joining layer become
clear as the intermetallic compound layer becomes a stable
layer shape. It was understood by this that the intermetallic
compound layer has the action to suppress a reaction between
Fe and Al, and the action can prevent Al from flowing into the
Fe-based metallic member and Fe from flowing into the Al-
based metallic member.

(2) Example 2

Case Using Zn—Si-Based Brazing Filler Metal

[0152] InExample 2, aflare joint-shapedjoined structure of
metallic members was produced in the same manner as in
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Example 1, except for using a Zn—Si-based brazing filler
metal as a Zn-based brazing filler metal. Joining conditions
were that a light collection diameter of laser beam is 1.8 mm,
a laser output is 1.4 kV, ajoining speed is 1 m/min, and a wire
speed is 3.2 m/min. Appropriate heat input conditions in
which the joined part of the Fe-based metallic member is
melted by appropriately heating in the formation of a key hole
were employed. A steel plate (JAC270, plate thickness: 1.0
mm, length in longitudinal direction in FIG. 19(A): 200 mm,
length in horizontal direction in FIG. 19(A): 80 mm) was used
as the Fe-based metallic member, and an Al plate (A6K21-
T14, plate thickness: 1.0 mm, length in longitudinal direction
in FIG. 19(A): 200 mm, length in horizontal direction in FIG.
19(A): 80 mm) was used as the Al-based metallic member.

[0153] In the above joining of metallic members, Zn—Si-
based brazing filler metals having different Si content (Si
content is 0.25 wt %, 1.0 wt % and 2.5 wt %) are provided,
joining of metallic members is conducted using each Zn—Si-
based brazing filler metal, and joined structures of metallic
members corresponding to each of the Zn—Si-based brazing
filler metals were obtained. Each joined structure was cut into
a strip in a direction perpendicular to a joining direction, and
plural test pieces were obtained. A wire diameter of all
Zn—-Si-based brazing filler metals was 1.2 mm. Various
evaluations were conducted using the thus-obtained test
pieces of the joined structures.

[EPMA Elemental Map Analysis and SEM Observation of
Interface Part Between Fe-Based Metallic Member and
Joining Layer]

[0154] A test piece of the joined structure obtained using
the Zn—Si-based brazing filler metal having Si content 0of'1.0
wt % was subjected to elemental analysis by an electron prove
microanalyzer (EPMA). The results obtained are shown in
FIGS. 28(A) and 28(B). FIG. 28(A) is SEM photograph (left-
side photograph) of the joint part of the joined structure and
enlarged SEM photograph (right-side photograph) of the
interface between the Fe-based metallic member and the join-
ing layer in the photograph, and FIG. 28(B) is EPMAmap
analysis photographs (Zn, Al, Fe and Si) of the interface
shown in the enlarged SEM photograph of FIG. 28(A).

[0155] Regarding a test piece of the same joined structure,
the interface between the Fe-based metallic member and the
joining layer was observed with a scanning electron micro-
scope (SEM). The results obtained are shown in FIGS. 29(A)
and 29(B). FIGS. 29(A) and 29(B) are SEM photographs of
the interface between the Fe-based metallic member and the
joining layer. FIG. 29(A) is SEM photograph of 3,000 mag-
nifications, and FIG. 29(B) is SEM photograph of 15,000
magnifications.

[0156] AsshowninFIG. 28(A), an intermetallic compound
layer was not observed in the interface between the Fe-based
metallic member and the joining layer of Example 2. In the
EPMA elemental map analysis shown in FIG. 28(B), Si was
uniformly scattered, and the interface of Fe and Zn (that is, the
interface between the Fe-based metallic member and the join-
ing layer) was clearly observed. Al is Al of the Al-based
metallic member, which was solid-solubilized to the joining
layer by welding. Furthermore, as shown in the SEM photo-
graph of 3,000 magnifications of FIG. 29(A) and the SEM
photograph of 15,000 magnifications of FIG. 29(B), even
though magnification in SEM observation was increased, an
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intermetallic compound layer was not observed in the inter-
face between the Fe-based metallic member and the joining
layer of the present example.

[0157] As is understood from the results of the above
EPMA elemental map analysis and SEM observation, it was
confirmed that a brittle intermetallic compound layer formed
in the conventional joined structure (joined structure joined
with a Zn—Si-based brazing filler metal) is not present in the
interface between the Fe-based metallic member and the join-
ing layer when laser beam multiply reflects under the appro-
priate heat input conditions in the formation of a key hole in
the same manner as in Example 1 except for using the
Zn—Si-based brazing filler metal as the brazing filler metal.

[Joint Strength Evaluation of Metal Joined Structure]

[0158] A testpiece of each joined structure using a Zn—Si-
based brazing filler metal having Si content of 0.25 wt %, 1.0
wt % or 2.5 wt % was subjected to a flare tensile strength test
and a peel strength test. Two pieces at the central portion side
of the joined structure and four test pieces at the both end
portion sides thereof were used as the test piece. Those test
pieces were allocated to each strength test, and one test piece
at the central portion side and two test pieces at both end
portion sides (total: three test pieces) were used in each of the
flare tensile strength test and the peel strength test.

[0159] In the flare tensile strength test, forces in mutually
opposite directions were applied to the extending portions in
a horizontal direction of a Fe-based metallic member 2021
and an Al-based metallic member 2022 that form a T-shape at
an area on which a joining layer 2023 was formed, as shown
in FIG. 30(A). In the flare tensile strength test, stress is most
applied at the portions indicated by the arrows A and B.

[0160] The results (flare tensile strength value and rupture
portion) are shown in Table 5 and FIG. 31. In Table 5, test
results of test pieces of joined structures corresponding to the
Zn—Si-based brazing filler metals having Si content of 0.25
wt %, 1.0 wt % and 2.5 wt % are indicated as Samples 21 to
23, respectively. Table 5 also shows the results of Sample 24
and Comparative Samples 21. Sample 24 is a test piece of the
joined structure of the Fe-based metallic member and the
Al-based metallic member, obtained using a Zn—Al-based
brazing filler metal containing Al content of 6 wt %, and
corresponds to the joined structure of Sample 111 of Example
1. Comparative Sample 21 is a test piece of the joined struc-
ture of two Al-based metallic members, obtained using the
commercially available brazing filler metal as a brazing filler
metal. Test pieces of Sample 24 and Comparative Sample 21
are obtained by cutting the joined structures obtained into
strips similarly to Samples 21 to 23. FIG. 31 shows an average
value of flare tensile strength of each sample and rupture
portion.

[0161] Strength standard value of flare tensile strength test
(dashed-dotted line of FIG. 31) is set as follows. Joint length
of continuous welding equivalent to one shot of spot welding
is set to 20 mm, and spot welding of Al each other in JIS
23140 was taken as the standard. By this, tensile strength
standard of spot welding in which a plate thickness of Alis 1.2
mm is 1.86 kN/20 mm.
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TABLE 5
Combination
of matrixes Average
(upper) Tensile value
Material strength of tensile
of brazing in each strength
filler metal portion (KN/ Rupture
(lower) (KN/20 mm) 20 mm) portion
Sample 21 Fe/Al 297 340 3.18 3.18 Al-based
ZnSi metallic
(Si content: member
0.25%) (HAZ)
Sample 22 Fe/Al 312 315 292 3.06 Al-based
ZnSi metallic
(Si content: member
1%) (HAZ)
Sample 23 Fe/Al 296 2.86 3.06 2.96 Al-based
ZnSi metallic
(Si content: member
2.5%) (HAZ)
Sample 24 Fe/Al 190 1.80 2.58 2.09 Interface
ZnAl between
(Al content: Fe-based
6%) metallic
member
and brazing
filler metal
Com- AVAL 335 251 240 2.75 Al-based
parative Commercially metallic
Sample 21 available member
brazing
filler metal
[0162] Asshown in Table 5 and FIG. 31, tensile strength of

Samples 21 to 23 according to the present invention that are
joined structures of dissimilar metallic members exceeded
the strength standard value. Furthermore, tensile strength of
Samples 21 to 23 was higher than tensile strength of Sample
24 which is a joined structure of dissimilar metallic members,
and was also higher than tensile strength of Comparative
Sample 21 which is a joined structure of similar metallic
members. It was confirmed that tensile strength was greatly
improved in a small Si content (0.25 wt %). It was further
confirmed that Samples 21 to 23 were ruptured in the Al-
based metallic member, unlike Sample 24 which was rup-
tured in the interface between the Fe-based metallic member
and the joining layer.

[0163] Inthe peel strength test, forces in mutually opposite
directions were applied to the extending portions in a hori-
zontal direction of the Fe-based metallic member 2021 and
the Al-based metallic member 2022 that form a T-shape at an
area opposite the area on which the joining layer 2023 was
formed, as shown in FIG. 30(B). In the peel strength test, by
concentrating high stress to a joined interface (the portion
indicated by the arrow C), strength of joined interface can be
measured.

[0164] The results (peel tensile strength value and rupture
state) are shown in Table 6 and F1G. 32. In Table 6, test results
of test pieces of joined structures corresponding to the
Zn—-Si-based brazing filler metals having Si content of 0.25
wt %, 1.0 wt % and 2.5 wt % are shown as Samples 31 to 33,
respectively. Table 6 also shows the results of Sample 34 and
Comparative Sample 31. Sample 34 is a test piece of the
joined structure of the Fe-based metallic member and the
Al-based metallic member, obtained using the Zn—Al-based
brazing filler metal containing Al content of 6 wt %, and
corresponds to the joined structure of Sample 111 of Example
1. Comparative Sample 31 is a test piece of a joined structure
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of two Al-based metallic members, obtained using the com-
mercially available brazing filler metal as the brazing filler
metal. Test pieces of Sample 34 and Comparative Sample 31
are obtained by cutting the joined structures obtained into
strips, similarly to Samples 31 to 33. FIG. 32 shows an aver-
age value of peel strength of each sample and rupture portion.
[0165] Strength standard value of peel strength test
(dashed-dotted line of FIG. 32) is 80% of peel strength value
of'a test piece of Comparative Sample 31 (joined structure of
Al-based metallic members) which is a joined structure of
similar metallic members, obtained using the commercially
available brazing filler metal.

TABLE 6
Combination Average
of matrixes value
(upper) of
Material of peel
brazing Peel strength in strength
filler metal each portion (KN/ Rupture
(lower) (KN/20 mm) 20 mm)  portion
Sample 31 Fe/Al 0.64 0.69 0.66  0.66 Al-based
ZnSi metallic
(Si content: member
0.25%) (HAZ)
Sample 32 Fe/Al 0.67 075 0.67 070 Al-based
ZnSi metallic
(Si content: member
1%) (HAZ)
Sample 33 Fe/Al 0.61 0.64 055 0.60 Interface
ZnSi between
(Si content: Fe-based
2.5%) metallic
member
and brazing
filler metal
Sample 34 Fe/Al 0.18 0.20 0.17 0.18 Interface
ZnAl between
(Al content: Fe-based
6%) metallic
member
and brazing
filler metal
Comparative Al/Al 0.75 0.69 0.7 0.71 Al-based
Sample 31 Commercially metallic
available member
brazing
filler metal
[0166] As shown in Table 5 and FIG. 32, peel strength of

Samples 31 to 33 that are joined structures of dissimilar
metallic members exceeded the strength standard. It was con-
firmed that peel strength of Samples 31 to 33 was greatly
improved in a small Si content (0.25%), from the comparison
with Sample 34 which is a joined structure of dissimilar
metallic members. It was further confirmed that Samples 31
and 32 were ruptured in the Al-based metallic member simi-
larly to Comparative Sample 31 which is a joined structure of
similar metallic members, unlike Comparative Sample 34
which was ruptured in the interface between the Fe-based
metallic member and the joining layer. It is presumed that
peel strength of Sample 33 was slightly decreased by the
decrease in the joined interface width due to the decrease in
wettability, as compared with Samples 31 and 32, and Sample
33 was ruptured in the interface between the Fe-based metal-
lic member and the joining layer.

[0167] As described above, in the samples which are the
joined structures of dissimilar metallic members using the
Zn—-Si-based brazing filler metal having an Si content of
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0.25 wt % to 2.5 wt %, its strength exceeded the strength
standard value. It was understood that strength was greatly
improved in a small Si content (0.25 wt %) from the compari-
son with Comparative Samples which are the joined struc-
tures of the same dissimilar metallic members. Particularly, it
was understood that the samples which are the joined struc-
ture of dissimilar metallic members using the Zn—Si-based
brazing filler metal having an Si content of 0.25 wt % to 1.0 wt
% were not ruptured in the interface between the Fe-based
metallic member and the joining layer, and were ruptured in
the Al-based metallic member, and from this fact, a strong
joined structure like the joined structure of similar metallic
members can be obtained.

[0168] Although the present invention has been described
in detail and by reference to the specific embodiments, it is
apparent to one skilled in the art that various modifications or
changes can be made without departing the spirit and scope of
the present invention.

INDUSTRIAL APPLICABILITY

[0169] The present invention can be utilized in a method for
joining metallic members, comprising joining the Fe-based
metallic member and the Al-based metallic member by inter-
posing the brazing filler metal between the Fe-based metallic
member and the Al-based metallic member, the joined struc-
ture and the brazing filler metal.
[0170] Description of Reference Numerals and Sings
[0171] 1 Fe-based metallic member
[0172] 2 Al-based metallic member
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[0173] 3 Zn-based brazing filler metal
[0174] 4 Joining layer

[0175] 5 Intermetallic compound layer
[0176] 1001 Fe-based metallic member
[0177] 1002 Al-based metallic member
[0178] 1003 Zn-based brazing filler metal
[0179] 1004 Joining layer

[0180] 1005 Key hole

[0181] 2001 Fe-based metallic member
[0182] 2002 Al-based metallic member
[0183] 2003 Zn-based brazing filler metal
[0184] 2004, 2014 Joining layer

[0185] 2005 Key hole

[0186] 2006 Molten material

[0187] 2007, 2017 Intermetallic compound layer
[0188] 2010, 2020 Joined structure
[0189] 2013 Groove shape

[0190] 2102 Laser beam

1. A joined structure of metal members, comprising:

a Fe-based metallic member containing a Fe-based mate-
rial and an Al-based metallic member containing an
Al-based material, joined with a brazing filler metal
consisting of Zn, Si and unavoidable impurities inter-
posed therebetween.

2. The joined structure of metal members according to
claim 1, wherein the brazing filler metal contains 0.25t02.5%
by weight of Si, and the remainder being Zn and unavoidable
impurities.



