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WELDING MATERIAL AND METHOD WITHOUT CARRIER

This application 1s a continuation-in-part of U.S. Patent Application
Serial No. 09/518,646, filed March 3, 2001, which was a continuation-in-part
of application Serial No. 09/173,554, filed October 16, 1998, now U.S. Patent
6,092,865, which was based on U.S. Provisional Application Serial No.
60/062,204, filed October 16, 1997, all of which are hereby incorporated
herein by reference in their entirety, respectively.

This application is also related to commonly assigned U.S. Patent
Application Serial No. 10/042,384, filed January 11, 2002 and U.S. Patent
Application Serial No. 10/042,385, filed January 11, 2002, the entire contents

of each being incorporated herein by reference thereto.

Field of the Invention

The present invention is generally related to welding and an illustrated

embodiment of the present invention is related to welding tubular members.

Background

Welding operations are used in many industrial applications, such as
vehicle construction on vehicle assembly lines. To form certain welded
connection, a desired amount of the welding material must be placed between
the surfaces of the weldable members where the joint is to be formed and then
heated. This type of joint is difficult to form when the weldable members are
tubular in form because 1t becomes difficult to directly access the surfaces to
be welded.

Tubular hydroforming technology is increasingly being used in
industry, particularly in the automotive industry. Hydroforming technology
offers many advantages for automobile frame construction, but the use of
common welding methods for welding tubular components is difficult and can

result in time and cost inetficiencies.
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An object of the present invention is to provide a method of welding

tubular members, comprising providing first and second tubular members,
each of the first and second tubular members having a respective exterior
surface; providing at least one welding material member, each of the at least
one welding material members being constructed of an electrically conductive
metallic welding material capable of bonding in weld-forming relation with
the first and second tubular members; securing each of the at least one welding
material members on the first tubular member so that each of the at least one
welding material members remains in a predetermined position on the first
tubular member prior to being in contact with the second tubular member;
positioning the second tubular member adjacent the first tubular member with
the at least on welding material member being disposed in current transmitting
relation between the respective exterior surfaces of the first and second tubular
members; and applying an electrical current across the first and second tubular
members such that the applied current flows through the respective exterior
surfaces of the first and second tubular members and each of the at least one
welding material members disposed between the first and second tubular
members to weld the respective exterior surfaces of the first and second
tubular members together.

Another object of the present invention is to provide a method of
welding tubular members, comprising providing first and second tubular
members, each of the first and second tubular members having a respective
exterior surface; providing a plurality of welding material members, each of
the welding material members being constructed of an electrically conductive
metallic welding material capable of bonding in weld-forming relation with
the first and second tubular members; welding each of the plurality of welding
material members on the first tubular member so that each of the plurality of
welding material members remains in a predetermined position on the first
tubular member prior to being in contact with the second tubular member;

positioning the second tubular member adjacent the first tubular member with

PCT/US03/00850
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the plurality of welding material members being disposed 1n current
transmitting relation between the respective exterior surfaces of the first and
second tubular members; and applying an electrical current across the first and
second tubular members such that the applied current flows through the
respective exterior surfaces of the first and second tubular members and each
of the plurality of welding material members disposed between the first and
second tubular members to weld the respective exterior surfaces of the first
and second tubular members together.

Other objects, features, and advantages of the present invention will
become apparent from the following detailed description, the accompanying

drawings, and the appended claims.

Brief Description of the Drawings

The accompanying drawings facilitate an understanding of the various
embodiments of this invention. In such drawings:

FIG. 1 is a cross-sectional view of a welding device and method
according to the principles of the illustrated embodiment of the present
invention;

FIG. 2 is a perspective view of a welding material assembly
constructed according to the principles of the present invention mounted on a
first weldable member;

FIG. 3 is a perspective view similar to FIG. 2 but showing a second
weldable member positioned on the first weldable member;

FIG. 4 is a sectional view taken along line 4-4 of FIG. 3 and showing
the welding material assembly disposed between the first weldable member
and a second weldable member prior to joint formation and showing a
schematically represented resistance welding apparatus engaged with the
weldable members;

FIG. 5 is a view similar to FIG. 4 except showing the first and second

weldable members after joint formation; and
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FIG. 6 shows a perspective view of a space frame for a motor vehicle

that includes joints formed according to a method of the present invention.

Detailed Description of Embodiments of the Invention

FIG. 1 shows welding material members 14 and a weldable member
18. Additionally, a projection welding device is generally indicated at 301.
As will become apparent, a plurality of welding material members 14 may be
bonded to an exterior surface 20 of the weldable member 18 where a welded
connection is to be formed by a welding process and an additional weldable
member 22, as seen in FIG. 3, may be positioned in contacting, overlying
position relative to the welding material members 14 and weldable member

18, such that the welding material members 14 may be disposed between

“surfaces of the weldable members 18 and 22. Then, after a welding process,

weldable members 18 and 22 are joined at the connection between the two
members 18 and 22 through the use of the welding material members 14 as
seen 1n FIG. 5.

Each welding material member 14 is constructed of an electrically
conductive metallic welding material capable of melting when heated by
application of a sufficient electrical current. Also, each welding material
members 14 is intended to be positioned in electrically conductive relation
between the exterior surface portions 20 and 24 of first and second weldable
members 18 and 22, respectively, at a location where the first and second
weldable members 18 and 22 are to be joined. The welded connection 1is
formed by positioning at least one welding material member 14 constructed of
a metallic welding material that is different from the metallic material used to
construct each of the weldable members 18, 22 between the respective exterior
surfaces 20, 24 to be joined.

The size and shape selected for each of the welding material
members 14 will depend on many factors including the materials used to
construct the weldable members 18 and 22, the material used to construct the

welding material members 14 and the size and shape of the joint area between

PCT/US03/00850
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the two weldable members (i.e., the size and shape of the overlapping surface
areas of the two weldable members 18 and 22). If the welding material
members 14 are intended to be attached to weldable member 18 by welding,
the characteristics of the welding material members 14 may be dependent in
part on the abilities and limitations of the projection welding device 301 for
attaching the weldable member 18. Some characteristics of the weldable
material members 14 may also be dependent on the welding device 28, which
ultimately welds weldable members 18 and 22. Each welding material
member 14 is shown being a circular disc, but can have any appropriate,
desired shape.

As mentioned, it is contemplated to provide a single welding material
member 14 mounted on member 18. A range of broad, thin shapes (e.g., a
large X-shape) of the welding material member 14 is contemplated for
instances in which only one welding material member 14 1s mounted on
member 18. Preferably a plurality of welding material members 14, each
being in the form of a small thin disk is mounted on member 18 as seen in
FIG. 2. The thin, small diameter disk shape readily permits discreet localized
areas of electric current flow between the weldable members 18, 22, which
facilitates melting of the members 14.

A preferred welding material for the welding material members 14 1s
stainless steel in the instance in which the weldable members 18, 22 are
constructed of a milder steel such as carbon steel, which is preferred. It 1s
contemplated, however, to use a wide range of metallic welding materials to
construct the welding material members 14 and to use the members 14 to form
welded connections between weldable members 18 and 22 that are constructed
of other materials as well, such as aluminum.

The welding material used to construct each welding material member
14 should be more resistive (i.e., have a greater resistance to the flow of
electrical current) and have a lower melting point than the metallic material

used to construct each weldable member 18, 22.

PCT/US03/00850
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At least one and preferably a plurality of welding material members 14
are bonded to the weldable member 18 for later being positioned between the
surfaces 20, 24 to be joined (i.e., welded together). Preferably, these welding
material members 14 are positioned to maximize joint strength and optimize

5 joint formation. In the illustrated embodiment, each welding material member
14 is a small diameter disk-shaped member as seen in FIGS. 1-3, but it can be
understood that a wide range of welding material member 14 shapes and sizes
are contemplated.

The welding material members 14 are mounted on weldable support

10  member 18 at a predetermined position so that each welding material member
14 will stay in place on the weldable member 18 until the second weldable
member 22 is positioned over the weldable member 18 and on top of welding
material members 14. This attachment of welding material members 14 can
occur by any appropriate attaching method, such as using adhesives,

15 mechanical fasteners, or welding. In the illustrated embodiment, the
attachment of the welding members 14 i1s accomplished by welding, such as

liquid transient welding, and by using welding device 301. As illustrated in
Fig. 1, the illustrated process is directed to each of a plurality of welding
material members 14 being individually fastened to the surface 20 to be

20 welded by a welding material member welding assembly 300 that includes a
resistance welding device 301, a welding member feeder 312, a force applying
mechanism 314, and a robotic arm 316. The welding assembly 300 can be
similar to stud welding devices such as The Warren Stud Welding System
(SKK 140 or SKK 210 Series) manufactured by Emhart Fastening

25  Technologies and which includes a TMP Series Welder Controller, a 36000
Series Stud Feeder and a weld head or weld gun. The welding assembly 300
can also be similar to the WELDFAST System for welding brackets and clips
also manufactured by Emhart Fastening Technologies.

It is contemplated that the resistance welding process illustrated in

30 FIG. 1, may be automatically or manually performed. When automatically
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preformed, a controller 310, as generally known in the art, controls the
welding assembly 300 and welding device 301.

As shown schematically in FIG. 1, the resistance welding device 301
includes a welding member support structure 302 at one end thereof. Often,
the welding member support structure 302 is in the form of a collet or chuck,
which is capable of receiving and gripping a periphery of the welding material
member 14 in a similar manner as is generally known in the art with respect to
stud welding. The welding member support structure 302 is constructed and
arranged to grip the periphery of each welding material member 14 relatively
securely and to be movable relative to the weldable member 18 to thereby
move the welding material member 14 into contact with the surface 20 to be
welded. Each welding member 14 would be positioned on the support
structure 302 by a nugget feeder 312 that could hold a large number of
welding material members 14 and then feed a single nugget or single welding |
material member 14 to the support structure 302 in a manner generally similar
to the feeder of individual studs in a stud welding device. An appropriate
force applying mechanism 314 could move and apply sufficient force to the
welding material member 14 against the weldable member 18 during welding.

It is contemplated that, for an automated process, the projection
welding device 301 may be mounted to robotic arm 316 or other automated
movement system, or for a manual process, that the projection welding device
301 may be a handheld device.

In any case, as shown in FIG. 1, the projection welding device 301 1s
brought into position adjacent a desired location for a welding material
member 14 to be placed on the surface 20 to be welded. The welding device
301 then moves along with the welding material member 14 1n its support
302, toward the surface 20 to be welded. At a point when the welding
material member 14 is substantially in contact with the surface 20 to be
welded, a current is applied across the welding material member 14 between
the projection welding device 301 (more specifically, the welding member

support structure 302) and the weldable member 18. The current causes the
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welding material member 14 to bond (by liquid transient welding) to the
weldable member 18 at a point of greatest resistance, i.e., the intersection
between the surface to be welded 20 and the welding material member 14, as
shown in FIG. 1. To illustrate the steps, FIG. 1 illustrates a welding material
member 14 to the right that is welded to surface 20, a middle welding material
member 14 between the surface 20 and the support structure 302 that 1s being
welded, and a left welding material member 14 that has yet to be welded and
would be supplied, for instance by feeder 312.

The welding material members 14 may be fastened to the weldable
member 18 in any arrangement desirable. Fig. 2 shows one such arrangement.
Other arrangements are, of course, possible as long as sufficient weldable
material is present to form a sufficiently strong welded bond (e.g., the welding
material members 14 are in sufficient number and size).

To form a joint in accordance with the method of the invention, the
welding material members 14 are bonded to the hydroformed member 18 in a
desired arrangement. The second weldable member 22 is then placed in
contacting, overlying relation to the welding material members 14 so that the
welding material members 14 are disposed between and in conductively
contacting relation to the weldable members to be joined 18, 22, as shown in
FIGS. 3 and 4.

The welding method can be understood from FIGS. 1-5. FIG. 2 shows
welding material members 14 mounted on an exterior surface portion 20 of
first weldable member 18, which is illustrated in the form of a tubular
member. FIG. 3 shows a first weldable member 22 in the form of a second
tubular member disposed in overlying relation to the first weldable member 18
with the welding material members 14 disposed therebetween. The weldable
members 18 and 22 are intended to be a generic representation of two
members that can be welded together using welding material members 14 1n a
manner described below. Although members 18 and 22 can be hydroformed
tubes, the tubular members 18 and 22 illustrated herein can be formed by any
appropriate method. Additionally, although the members 18 and 22 are

PCT/US03/00850



10

15

20

25

30

WO 03/059565

CA 02471353 2004-06-21

illustrated as being tubular, with closed cross-sections, other shapes and
configurations of members 18 and 22 are permissible including tubular
configurations with open cross-sections and non-tubular configurations. As
will become apparent, the exemplary members 18 and 20 are used to 1illustrate
the welding process and are portions of individual hydroformed members that
are joined together to form part of a space frame as shown m FIG. 5. A
modified resistance weld apparatus, or welding device, generally designated
28. is shown schematically in FIG. 4 engaged with the weldable members 18,
22. FIG. 5 shows the weldable members 18 and 22 after joint formation.

The welding process illustrated in FIGS. 4 and 5 is a derivative of
resistance welding and utilizes transient liquid phase bonding and resistance
heating. The welding material members 14 and the projection welding process
can be used, for example, to join together two tubular hydroformed members
18, 22. The welding material members 14 and the illustrated method of
resistance welding provides a way for individual hollow sections of the pair of
weldable members 18, 22 to be welded together in adjoining relation without
direct access to the welding surfaces 20, 24, respectively, while the welded
connection 200 (or joint) is being formed.

The modified resistance weld gun apparatus 28, or welding device, (or
a modified spot welding gun) is used to apply an electrical current and an axial
force (i.e., a force perpendicular to the two exterior surfaces 20, 24 in the
weldable members 18, 22) across the two hydroformed members 18, 22 and
across the welding material members 14 during joint formation. More
particularly, the apparatus 28 includes a pair of current conducting members
46, 48, or conductive ends, (that supply an electrical current from a current
source to form the weld) that are applied to exterior surfaces 50, 52 of the two
hydroformed members 18, 22 to be joined in the area where the weld
connection or joint therebetween is to be formed. The weld gun apparatus 23
can be controlled manually or robotically. An appropriate apparatus and
method for welding members 18 and 22 is disclosed in commonly assigned

U.S. Patent Application Serial No. 09/754114 for a Welding Assembly with

PCT/US03/00850
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Nestable Conductive Ends, filed on January 5, 2001, the entire contents of
which are hereby incorporated herein by reference thereto.

The conductive members, or conductive ends 46, 48, are electrodes
that cause a current to flow through the surfaces 20, 24 to be bonded (i.e.,
joined) and through the welding material members 14. The welding material
is more resistive and has a lower melting point than the base joint metallic
material used to construct the hydroformed members 18, 22. The material
properties of the contiguous members 14, 18, 22 combine to create preferential
heating and subsequent localized melting of the welding material members 14
prior to the melting of the hollow section material of the hydroformed
members 18, 22. The welding material members 14 liquefy during the
welding process.

The energy required to liquefy the welding material members 14 is
generated by the applied electrical current. The welding material members 14
heat up preferentially and cause melting of the welding material members 14
and then localized melting of the adjacent metallic material of the weldable
members 18, 22. The melted material of the welding material members 14
bonds with the basic metallic material of the hydroformed members 18, 22
under the axial pressure applied by the conductive members, or conductive
ends 46, 48. After the aforementioned melting occurs, the current flow
through the surfaces 20, 24 is switched off. The axial force is preferably
removed a predetermined amount of time thereafter.

The resulting welded connection is represented in FIG. 5. As shown,
depending on the number, size, and configuration of the welding material
members 14, a very thin gap 202 may be left between the weldable members
18, 22 as seen in FIG. 5, or no gap may exist and the connection 200 may be a
continuous, homogenous connection between the weldable members 18 and
20. The combining of the metallic materials of the metal members 14, 18, 22
is indicated in the cross sectional view of FIG. 5. It can be appreciated that

this representation of the welded area is enlarged and exaggerated to more

-10 -
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clearly illustrate the welded connection and to indicate the mixing of the
metallic materials in the areas where the weld 1s formed.

Preferably the current is applied through the first weldable member 22
and the second weldable member 18 and across the welding material members
14 so as to melt the welding material members 14 and thereafter to melt
portions of the first weldable member 22 and the second weldable member 18
in areas thereof that are adjacent to the welding material members and
preferably the forces are applied so as to move the exterior surfaces 20, 24
toward one another.

Preferably, each of the exterior surfaces 20, 24 is planar, although they
may be of any configuration that is adapted for joint formation. For example,
the surfaces can have complimentary convex/concave configurations and the
like.

As seen in FIG. 6, it is contemplated to use the welding material
members 14 and the projection welding process of the present invention to
form joints between the individual members 18 and 22 used to construct a
space frame 60 for a motor vehicle. An example of a method for using the
projection welding process to bond welding material members 14 to a member
for forming a space frame 60 joint is described below. The example is
described with reference to an exemplary embodiment of a space frame for a
sports utility vehicle shown in FIG. 5. Other examples of space frame joints
that are particularly well suited for use with the present welding material
assemblies and with methods utilizing the assemblies are disclosed 1n
commonly assigned United States Patent Serial Number 6,092,865 and
entitted HYDROFORMED SPACE FRAME AND METHOD OF
MANUFACTURING THE SAME, which 1s hereby incorporated by reference
in its entirety into the present application.

FIG. 5 shows a perspective view of a motor vehicle space frame 60.
The space frame 60 includes a pair of longitudinally extending, laterally
spaced side rail structures 62, a pair of hydroformed upper longitudinal

members 64, 66, a pair of hydroformed U-shaped cross members 68, 70 and a

-11 -
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rearward ring assembly 72. Preferably the side rail structures 62 are provided
by a pair of hydroformed members 78, 80 of mirror image construction. A
plurality of laterally extending cross structures generally designated 82 are
connected between the side rail structures 62 and a pair of laterally extending
upper cross structures 84 are connected between the pair of upper longitudinal
members 64, 66.

Each hydroformed upper longitudinal member 64, 66 includes a pillar
forming portion 86 and a longitudinally extending portion 88. Each upper
longitudinal member 64, 66 is connected to an associated side rail structure 62
and extends upwardly therefrom to form an A pillar of the space frame 60.
Each hydroformed cross member 68, 70 includes a cross portion 90, 92,
respectively, and a pair of leg portions 94, 96, respectively, extending from
junctures 98, 100 at opposite ends of the associated cross portion. Each leg
portion of the cross member is connected to a respective side rail structure 62
and extends upwardly therefrom to provide an intermediate pillar thereon (1.e.,
the B pillars and C pillars). The longitudinally extending portion 88 of each
upper longitudinal member 64, 66 is connected to the juncture 98, 100 ot the
associated cross member 68, 70 to form a joint 102, 104, respectively.

While the use of welding material members and the projection welding
process provide particular advantages in welding tubular hydroformed
weldable members, it is contemplated that they may also have application in
welding other weldable members that have not been hydroformed, but which
nevertheless inhibit access to the weld surfaces.

Additionally, the above-described apparatus and method permit the
attachment of welding material members 14 without the use of any backing
that would hold the welding material members 14 in a predetermined
configuration prior to their attachment to weldable member 18. Thus, saving
in backing sheets can be achieved in the attachment of the welding material
members 14 without any backing sheets. While the members 18 and 22 join to
form a single joint 102 in space frame 60 as illustrated in FIG. 5, it should be

understood that the methods and apparatus to join members 18 and 22 can be

-12 -
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used for any of the numerous joints of space frame 60 and as illustrated in
FIG. 5.

It can thus be appreciated that the objectives of the present invention
have been fully and effectively accomplished. The foregoing specific
embodiments have been provided to illustrate the structural and functional
principles of the present invention and is not intended to be limiting. To the
contrary, the present invention is intended to encompass all modifications,
alterations, and substitutions within the spirit and scope of the appended

claimes.
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WHAT IS CLAIMED IS:
1. A method of welding tubular members, comprising:

providing first and second tubular members, each of the first and
second tubular members having a respective exterior surface;

providing at least one welding material member, each of the at least
one welding material member being constructed of an electrically conductive
metallic welding material capable of bonding in weld-forming relation with
the first and second tubular members;

securing each of the at least one welding material member on the first
tubular member so that each o“f the at least one welding material member
remains in a predetermined position on the first tubular member prior to being

in contact with the second tubular member;

positioning the second tubular member adjacent the first tubular
member with the at least one welding material member being disposed in
current transmitting relation between the respective exterior surfaces of the
first and second tubular members; and

applying an electrical current across the first and second tubular
members such that the applied current flows through the respective exterior
surfaces of the first and second tubular members and each of the at least one
welding material member disposed between the first and second tubular

members to weld the respective exterior surfaces of the first and second

tubular members together.

2. A method according to claim 1, wherein the providing of the
first and second tubular members includes hydroforming each of the first and

second tubular members by a process of providing a tubular metallic blank

having a tubular metallic wall,

placing the tubular metallic blank into a die cavity of a die assembly,

the die cavity having die surfaces, and

- 14 -

PCT/US03/00850



10

15

20

25

WO 03/059565

CA 02471353 2004-06-21

providing a high pressure fluid into an interior of the blank to expand
the metallic wall of the blank outwardly into conformity with the surfaces ot

said die cavity.

3. A method according to claim 1, wherein the providing at least
one welding material member includes providing a plurality of welding

material members.

4. A method according to claim 1, wherein the providing at least
one welding material member includes providing at least one steel welding

material member.

5. A method according to claim 1, wherein the providing at least
one welding material member includes providing at least one disk-shaped

member.

0. A method according to claim 1 wherein the securing of each of

the at least one welding material member is accomplished by welding.

7. A method according to claim 1, wherein the securing of each of
the at least one welding material member is accomplished by a resistance
welding device, said resistance welding device holding one of the at least one
welding material member in position on the first tubular member and applying
an electrical current across the one of the at least one welding material
member and the first tubular member to melt a portion of the one of the at
least one welding material member and weld the one of the at least one
welding material member to the exterior surface portion of the first tubular

member.
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8. A method according to claim 7, wherein the resistance welding
device performs the securing of the at least one welding material member

projection under the direction of a computer controlled device.

0. A method according to claim 1, wherein the electrical current 1s
applied across the first and second tubular members and across each of the at
least one welding material member to melt each of the at least one welding
material member and to melt respective portions of the first and second tubular
members in areas adjacent each the at least one welding material member and
wherein forces are applied to move the respective first and second exterior

surface portions of the first and second tubular members toward one another as

the melting occurs.

10. A method of welding tubular members, comprising:

providing first and second tubular members, each of the first and
second tubular members having a respective exterior surface;

providing a plurality of welding material members, each of the welding
material members being constructed of an electrically conductive metallic
welding material capable of bonding in weld-forming relation with the first
and second tubular members;

welding each of the plurality of welding material members on the tirst
tubular member so that each of the plurality of welding material members
remains in a predetermined position on the first tubular member prior to being
in contact with the second tubular member;

positioning the second tubular member adjacent the first tubular
member with the plurality of welding material members being disposed in
current transmitting relation between the respective exterior surfaces of the

first and second tubular members; and

applying an electrical current across the first and second tubular

members such that the applied current flows through the respective exterior

surfaces of the first and second tubular members and each of the plurality of
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welding material members disposed between the first and second tubular

members to weld the respective exterior surfaces of the first and second

tubular members together.

11. A method according to claim 10, wherein the providing of the
first and second tubular members includes hydroforming each of the first and
second tubular members by a process of providing a tubular metallic blank

having a tubular metallic wall,

placing the tubular metallic blank into a die cavity of a die assembly,

the die cavity having die surfaces, and

providing a high pressure fluid into an interior of the blank to expand
the metallic wall of the blank outwardly into conformity with the surfaces of

said die cavity.

12. A method according to claim 10, wherein the providing a
plurality of welding material members includes providing a plurality of steel

welding material members.

13. A method according to claim 10, wherein the providing of a
plurality of welding material members includes providing a plurality of disk-

shaped welding material members.

14. A method according to claim 10, wherein the welding of each
of the plurality of welding material members is accomplished by a resistance
welding device, the resistance welding device holding one of the plurality of
welding material members in position on the first tubular member and
applying an electrical current across the one of the plurality of welding
material members and the first tubular member to melt a portion of the one of
the plurality of welding material members and weld the one of the plurality of
welding material members to the exterior surface portion of the first tubular

member.
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15. A method according to claim 10, wherein the resistance
welding device performs the securing of the plurality of welding material

member projections under the direction of a computer controlled device.

16. A method according to claim 10, wherein the electrical current
is applied across the first and second tubular members and across each of the
at least one welding material member to melt each of the at least one welding
material member and to melt respective portions of the first and second tubular
members in areas adjacent each the at least one welding material member and
wherein forces are applied to move the respective first and second exterior
surface portions of the first and second tubular members toward one another as

the melting occurs.
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