WO 20047018138 A1 || |00 0000 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property

Organization

International Bureau

(43) International Publication Date
4 March 2004 (04.03.2004)

AT YO0 O

(10) International Publication Number

WO 2004/018138 A1l

(51) International Patent Classification’:

(21) International Application Number:
PCT/US2003/022157 Drive, Kettering, OH 45440 (US).

B23K 11/00 OH 45430 (US). RAMACHANDRA, Dharmendra
(Dharam), M.; 9086 Payne Farm Lane, Centerville, OH
45458 (US). GENTRY, Johnny, Ray; 2768 Corlington

(22) International Filing Date: 16 July 2003 (16.07.2003) (74) Agent: MCBAIN, Scott, A.; Delphi Technologies, Inc.,

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:

10/225,572 22 August 2002 (22.08.2002) US

(71) Applicant: DELPHI TECHNOLOGIES, INC.
[US/US]; 5725 Delphi Drive, Troy, MI 48098-2815

Legal Staff, P.O. Box 5052, Mail Code: 480-410-202, Troy,
English MI 48007-5052 (US).

. (81) Designated States (national): AE, AG, AL, AM, AT, AU,
English AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, YU,

ZA, 7ZM, ZW.
(US).
(84) Designated States (regional): ARIPO patent (GH, GM,
(72) Inventors: ANANTHANARAYANAN, Venkatasub- KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
ramanian; 4030 North Emerald Court, Beavercreek, Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: METHOD FOR MANUFACTURING A METALLIC TUBULAR ASSEMBLY

BTAN |
FRST TUBE 12
BTANFRST | 45
TUBLLAR CONNECTOR
ATTACH FIRST TUBULAR
CONECTOR T0 FIRST TUBE [ 2%

OBTAN |
TUBULAR MEBER | 20

DISPOSE FIRST TUBULAR
CONNECTOR ANDFIRST ~ [=—3&
TUBULAR MEMBER

CREATE | -
WELD ZONE 40

(57) Abstract: A method for manufacturing a tubular assembly (10). A first tube (14)
is obtained. A first tubular connector (18) having first and second end portions (20, 22)
is obtained. The first end portion (20) is metallurgically attached to the first tube (14).
A tubular member (28) having a third end portion (30) is obtained. At least one of the
second and third end portions (22, 30) includes an annular outward fold (22) including
spaced-apart first and second fold portions (34, 36). The first tubular connector (18)
and the tubular member (28) are positioned with the second end portion (22) aligned
with and contacting the third end portion (30). A resistance welding current path is
created through the first tubular connector (18) and the tubular member (28) proxi-
mate the second and third end portions (22, 30) and the second and third end portions
(22, 30) are relatively and deformingly moved together, creating a weld zone which
includes at least some of the second and third end portions (22, 30).



WO 2004/018138 A1 I} A000H0 T 0000 00O

European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,  For two-letter codes and other abbreviations, refer to the "Guid-
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, ance Notes on Codes and Abbreviations" appearing at the begin-
SE, 81, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, ning of each regular issue of the PCT Gazette.

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report



WO 2004/018138 PCT/US2003/022157

10

15

20

25

30

METHOD FOR MANUFACTURING
A METALLIC TUBULAR ASSEMBLY

TECHNICAL FIELD
The present invention relates generally to tubes, and more particularly to

a method for manufacturing a tubular assembly.

BACKGROUND OF THE INVENTION ‘

Resistance welding (also known as electric-resistance-welding) is a
known metallurgical process wherein metal is heated by its own resistance to a
semi-fused (i.e., soft) or fused (i.e., molten) state by the passage of very heavy
electric currents for very short lengths of time and then welded by the
application of pressure.

Conventional methods for manufacturing 2 metallic tubular assembly
include shaping the tubes, if and as required, to their desired shape for the
tubular assembiy such as by bending or hydroforming. Then, expénsive
manipulating equipment is use& to position the shaped tubes for conventional
welding as the tubular assembly is being weld-assembled.

Conventional welding includes gas metal arc welding. Gas metal arc
welding uses a consumable metal wire as one electrode and the parts as another
electrode, and moves the consumable metal wire (or the parts) to draw an ar¢ |
and weld the parts together. The welding is accompanied by a gas (such as a
mixture of argon and carbon dioxide) to prevent oxidation and stabilize the arc.
Such gas metal arc welding is well known. Ina conventional gas metal arc
welding technique, solid metal wire or metal core wire (i.e., an annular-solid
wire whose core is filled with metal powder such as a mixture of metal, alloy
and/or oxide powders) is used with the wire at a positive electrical welding
potential and with the parts electrically grounded. The welding arc creates a
molten weld puddle which results in the welding together of the parts. A ‘
ceramic ferrule is used to contain the weld puddle when needed. Gas metal arc

welding requires expensive welding equipment, the molten weld puddle tends to
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flow away from the joint area resulting in welds of inconsistent quality, and the
process requires a long cycle time between welds. '
Conventional methods for attaching parts together also include friction

welding. To join two tubes together end to end, one of the tubes is rotated about
its longitudinal axis, and the tube ends are pressed together, wherein friction '
causes heating of the ends creating the weld. To join a tube to a plate, the tube
is rotated about its longitudinal axis, and the tube end and the plate are pressed
together, wherein friction causes heating creating the weld. Friction welding

requires expensive welding equipment, and the process requires a long cycle

_ time between welds.

. What is needed is a less expensive method for manufacturing a metallic

tubular assembly.

SUMMARY. OF THE INVENTION

A first method of the invention is for manufacturing a metallic tubular
assembly and includes steps a) through f). Step a) includes obtaining a first
tube. Step b) includes obtaining a first tubular connector having a first end
portion and a second end portion. Step c) includes, after steps a) and b),
metallurgically attaching the first end portion to the first tube. Step d) includes
obtaining a tubular member having a third end portion, wherein at least one of
the second and third end portions includes an outward fold, and wherein the fold
includes spaced-apart first and second fold portions. Step e) includes, after
steps a) through d), positioning the first tubular connector and the tubular
member with the second end portion aligned with and contacting the third end
portion. Step f) includes, after step e), creating a resistance welding current
path through the first tubular connector and the tubular member proximate the
second and third end portions and relatively and deformingly moving together
the second and third end portions creating a weld zone which includes at least
some of the second and third end portions.

A second method of the invention is for manufacturing a metallic

tubular assembly and includes steps a) through g). Step a) includes obtaining a
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substantially-straight first tube. .Step b) includes obtaining a first tubular
connector having a first end portion and a second end portion. Step c) includes,
after steps a) and b), annularly metallurgically attaching the first end portion to
the first tube. Step d) includes, after step c), changing the shape of the first
tube. Step €) includes obtaining a substantially-straight tubular member having
a third end portion, wherein at least one of the second and third end portions
includes an annular outward fold, and wherein the fold includes spaced-apart
first and second fold portions. Step f) includes, after steps a) through e),
positioning the first tubular connector and the tubular member with the second
end portion aligned with and contacting the third end portion. Step g) includes,
after step f), creating a resistance welding current path through the first tubular
connector and the tubular member proximate the second and third end portions -
and relatively and deformingly moving together the second and third end
portions creating an annular weld zone which includes at least some of the
second and third end portions.

A third method of the invention is for manufacturing a metallic tubular
assembly and includes steps a) through h). Step a) includes obtaining a first
tube. Step b) includes obtaining a first tubular connector having a first end
portion and a second end portion. Step c) includes, after steps a) and b),
annularly metallurgically attaching the first end portion to the first tube. Step d)
includes obtaining a second tube. Step e) includes obtaining a second tubular
connector having a third end portion and a fourth end portion, wherein at least
one of the second and third end portions includes an annular outward fold, and
wherein the fold includes spaced-apart first and second fold portions. Step f)
includes, after steps d) and e), annularly metallurgically attaching the fourth end
portion to the second tube. Step g) includes; after steps a) through ),
positioning the first tubular connector and the second tubular connector with the
second end portion aligned with and contacting the third end portion. Steph)
includes, after step g), creating a resistance welding current path through the
first and second tubular connectors proximate the second and third end portions

and relatively and deformingly moving together the second and third end
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portions creating an annular weld zone which includes at least some of the
second and third end portions.

Several benefits and advantages are derived from one or more of the
methods of the invention. Resistance welding is less expensive than gas metal
arc welding or friction welding, Resistance welding also has a shorter cycle

time between welds than gas metal arc welding or friction welding.

SUMMARY OF THE DRAWINGS

Figure 1 is a block diagram of the first method of the invention for
manufacturing a metallic tubular assembly;

Figure 2 is a schematic, top planar view of a first embodiment of a
metallic tubular assembly manufactured, at least in part, using the first method
of Figure 1;

Figure 3 is a cross-sectional view of a portion of a first tubular connector
and a tubular member of Figure 2 before the weld zone is created showing the
location of the resistance-welding electrodes;

Figure 4 isa cross-sectionallview of an emBodiment of an elbow tubular
connector;

Figure 5 is a cross-sectional view of an embodiment of a “T”-~joint
tubular connector;

Figure 6 is a cross-sectional view of an embodiment of a cross~joint
tubular connector;

Figure 7 is a cross-sectional view of an embodiment of a diameter-
changing tubular connector; and

Figure 8 is a cross-sectional view of an embodiment of a tubular

connector with two solid-state-bonded sections having different metallurgical

compositions.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
A first method of the invention is for manufacturing a metallic tubular

assembly. The first method is shown in block diagram form in Figure 1, and a
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first embodiment of a metallic tubular assembly 10 manufactured using the first
method is shown in Figures 2 and 3. The first method includes steps a) through
f). Step a) is labeled as “Obtain First Tube” in block 12 of Figure 1. Step a)
includes obtaining a first tube 14. Step b) is labeled as “Obtain First Tubular
Connector” in block 16 of Figure 1. Step b) includes obtaining a first tubular
connector 18 having a first end portion 20 and a second end portion 22. Step c)
is labeled as “Attach First Tubular Connector To First Tube” in block 24 of
Figure 1. Step c) includes, after steps a) and b), metallurgically attaching the
first end portion 20 to the first tube 14. Step d) is labeled as “Obtain Tubular
Member” in block 26 of Figure 1. Step d) includes obtaining a tubular member
28 having a third end portion 30, wherein at least one of the second and third
end portions 22 and 30 includes an outward fold 32, and wherein the fold 32
includes spaced-apart first and second fold portions 34 and 36. Step e) is
labeled as “Dispose First Tubular Connector And First Tubular Member” in
block 38 of Figure 1. Step e) includes, after steps a) through d), disposing the
first tubular connector 18 and the tubular member 28 with the second end
portion 22 aligned with and contacting the third end portion 30. Step f) is
labeled as “Create Weld Zone” in block 40 of Figure 1. Step f) includes, after
step €), creating a resistance welding current path through the first tubular
connector 18 and the tubular member 28 proximate the second and third end
portions 22 and 30 and relatively and deformingly moving together the second
and third end portions 22 and 30 creating a weld zone which includes at least
some of the second and third end portions 22 and 30.

The term “proximate” includes, without limitation, the term “at”. By
“relatively moving” is meant moving the second end portion with the third end
portion stationary or moving the third end portion with the second end portion
stationary or moving both the second and third end portions, as is within the
level of skill of the artisan. In one variation, the other of the second and third
end portions 22 and 30 includes either a flange or another outward fold
engageable (and in one modification annularly engageable) with the outward

fold 32 of the one of the second and third end portions 22 and 30.

PCT/US2003/022157
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In one application of the first method, such relative movement squeezes
out surface contaminants from between the second and third end portions and
such relative movement levels the hills and valleys between the contacting
surfaces of the second and third end portions to bring surface atoms of the
second end portion within atomic bonding distances with sufface atoms of the
third end porﬁon. In one implementation of the first method, step f) doés not
melt any of the second end portion and does not melt any of the third end
portion. In another implementation, step f) melts at least some of the second
end portion or at least some of the third end portion or melts at least some of the
second and third end portions.

In one example of the first method, the first tube 14, the first tubular
connector 18, and the tubular member 28 each are a substantially-straight tube
having an aﬁnularly substantially-circular cross section. In another example, the
first tube 14, the first tubular connector 18, and the tubular member 28 each are
a substantially-straight tube having an annularly substantially-rectangular cross
section. Other examples of the first tube, the first tubular connector, and the
tubular member (including a tube or tubular-connector tubular member) are left
to the artisan. '

In the same or a different example of the first method, step c) annularly
metallurgically attaches the first end portion 20 of the first tubular connector 18
to the first tube 14. In one process, the metallurgical attachment of step c) is
done by resistance welding using a welding electrode disposed inside the first
tube. Other processes for performing the metallurgically attachment of step c)
are left to tﬁe artisan and include gas metal arc welding and friction welding, In
one variation of the first method, step c) metallurgically attaches the first end
portion 20 of the first tubular connector 18 to the wall of the first tube 14, and in
a different variation, step c) metallurgically attaches the first end portion 20 of
the first tubular connector 18 to an end of the first tube 14.

In one enablement of the first method, the outward fold 32 is an annular
outward fold, and the weld zone created in step f) is an annular weld zone. In

the same or a different enablement, the second end portion 22 includes the
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outward fold 32, and the third end portion includes a flange 42. In one
procedure, step f) uses an annular resistance-welding first electrode 44 disposed
on the fold 32, uses an annular resistance-welding second electrode 46 disposed
on the flange 42, and relatively moves closer together fhe first and second
electrodes (as indicated by the unlabeled arrows in Figure 3) to relatively and
deformingly move together the second and third end portions 22 and 30 creating
the weld zone. In one modification, the first electrode 44 contacts the second
electrode 46 at the completion of step f). This ensures that no overheating of
the weld zone will occur, as can be appreciated by those skilled in the art. In
one variation of the first method, a first welding machine performs step c), and a
different second welding machine performs step f).

In one implementation of the first method, there is also included, after
step c) and before step e), the step of changing the shape of the first tube 14. In
one variation, the shape-changing step includes bending of the first tube 14 such
as by using conventional tube bending equipment known to the artisan. In
another variation, the shape~changing step includes hydroform shaping the first
tube 14. Hydroform shaping is a metallic tube shaping technique known to
those skilled in the art.

Various embodiments of first tubular connectors obtained in step b) of
the first method are shown in Figures 4 — 8. An embodiment of an elbow
tubular connector 48 is shown in Figure 4 having a first “fold” end portion 50
and a second “fold” end portion 52. An embodiment of a “T”-joint tubular
connector 54 is shown in Figure 5 having a first “fold” end portion 56 and a
second “flange” end portion 58. An embodiment of a cross-joint tubular
connector 60 is shown in Figure 6 having a first “flange” end portion 62 and a
second “flange” end portion 64. An embodiment of a diameter-changing
tubular connector 66 is shown in Figure 7 having a larger outside diameter at
the first end portion 68 and a smaller outside diameter at the second end portion
70.

A two-sectioned tubular connector 72 is shown in Figure 8. The first

section 74 includes the first end portion 76 of the connector 72, and the second

PCT/US2003/022157
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section 78 includes the second end portion 80 of the connector 72. The first
section 74 has a metallurgical composition matching that of the first tube 14,
and the section 78 has a different metallurgical composition matching that of the
tubular member 28. The first and second sections 74 and 78 are metallurgically
joined together by a solid state bond. Examples of solid state bonding include
friction welding to create a butt weld and magnetic pulse diffusion welding to
create a lap weld, as can be understood by the artisan. In one choice of
material, the first section consists essentially of an aluminum-based alloy, and
the second section consists essentially of an iron-based alloy. Other material
choices are left to those skilled in the art.

It is noted that the first method allows the first tubular connectors to be
mass produced using conventional techniques. In one variation, step c) [and not
also step f) as is conventionally required] is performed at a first location having
appropriate tube manipulating equipment (such as allowing for a resistance-
welding electrode to be disposed inside the first tube or allowing for gas metal
arc welding or friction welding), and step f) is performed at a second location
having much leaner welding equipment (with resistance-welding electrodes
disposed only tubularly outside on a fold-fold or fold-flange joint). In one
extension of the first method, additional tubes, additional tubular connectors,
and additional tubular members are obtained and added using the principles of
the first method to manufacture a more complex tubular assembly, as can be
appreciated by the artisan.

In one construction for the first method, the first tubular connector 18
and the tubular member 28 comprise low carbon steel such as AISI 1008 to
1010 having an outside diameter of generally 6 millimeters and a thickness of
generally 2 millimeters. In one execution, pulses (totaling 1/3 of a second) of
electric current of generally 5,000 amperes (and in one variation 15,000 to
20,000 amperes) are applied while applying a force of generally 300 to 800
pounds to the electrodes. The first method is not limited to specific materials,
dimensions, electric current, and forces, as is understood by those skilled in the

art. Any weldable materials such as copper, aluminum alloy, stainless steel, stc.
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can be used, as can be appreciated by the artisan. The particular choice of
electric current, forces, and part dimensions, etc. are within the ordinary level of
skill of the artisan.

In one design for the first method, the previously-discussed electrodes
44 and 46 are installed in "T"-shaped electrode holders of a resistance welding
machine (not shown). In one example, not shown, each electrode is formed
from two sections which are brought together arotind the corresponding first
tubular connector and tubular member. The electrode sections have surfaces
generally corresponding to the shape of the engaged portion of the
corresponding first tubular connector and tubular member. The electrode
sections are attached together before installing the electrode in the
corresponding upper or lower one of the "T"-shaped electrode holders of the
resistance welding machine. ‘

In one modification of the first method, the tubular member is a tube as
shown in Figures 2 and 3. In another modification, not shown, the tubular
member is another tubular connector. Another method of the invention is for
manufacturing a metallic tubular assembly and includes steps s) through h)
Step a) includes obtaining a first tube. Step b) includes obtaining a first tubular
connector having a first end portion and a second end portion. Step c) includes,
after steps a) and b), annularly metallurgically attaching the first end portion to
the first tube. Step d) includes obtaining a second tube. Step €) includes
obtaining a second tubular connector having a third end portion and a fourth end
portion, wherein at least one of the second and third end portions includes an
annular outward fold, and wherein the fold includes spaced-apart first and
second fold portions. Step f) includes, after steps d) and e), annularly A
metallurgically attaching the fourth end portion to the second tube. Step g)
includes, after steps a) through f), disposing the first tubular connector and the
second tubular connector with the second end portion aligned with and
contacting the third end portion. Step h) includes, after step g), creating a
resistance welding current path through the first and second tubular connectors

proximate the second and third end portions and relatively and deformingly
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moving together the second and third end portions creating an annular weld
zone which includes at least some of the second and third end portions.

Several benefits and advantages are derived from one or more of the
methods of the invention. Resistance welding is less expensive than gas metal
arc welding or friction welding. Resistance welding also has a shorter cycle
time between welds than gas metal arc welding or friction welding.

The foregoing description of several methods of the invention has been
presented for purposes of illustration. It is not intended to be exhaustive or to
limit the invention to the precise procedures or precise forms disclosed, and
obviously many modifications and variations are possible in light of the above
teaching. It is intended that the scope of the invention be defined by the claims

appended hereto.
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CLAIMS
1. A method for manufacturing a metallic tubular assembly (10) comprising the
steps of:

a) obtaining a first tube (14);

b) obtaining a first tubular connector (18) having a first end portion (20)
and a second end portion (22);

¢) after steps a) and b), metallurgically attaching the first end portion to
the first tube;

d) obtaining a tubular member (28) having a third end portion (30),
wherein at least one of the second and third end portions includes an outward
fold (32), and wherein the fold includes spaced-apart first and second fold
portions (34 and 36);

e) after steps a) through d), disposing the first tubular connector and the
tubular member with the second end portion aligned with and contacting the

third end portion; and

f) after step e), creating a resistance welding current path through the
first tubular connector and the tubular member proximate the second and third
end portions and Ielé.ﬁvely and deformingly moving together the second and
third end portions creating a weld zone which includes at least some of the

second and third end portions.

2. The method of claim 1, also including, after step c), and before step e), the
step of changing the shape of the first tube.

3. The method of claim 2, wherein the shape-changing step includes bending
the first tube.

4. The method of claim 2, wherein the shape-changing step includes hydroform
shaping the first tube.
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5. The method of claim 1, wherein the other of the second and third end
portions has a flange (42).

6. The hlethod of claim 5, wherein step f) uses an annular resistance-welding
first electrode (44) disposed on the fold and uses an annular resistance-welding
second electrode (46) disposed on the flange, and wherein step f) relatively
moves closer together the first and second electrodes to relatively and

5  deformingly move together the second and third end portions creating the weld

zone.

7. The method of claim 6, wherein step c) uses a resistance-welding electrode
disposed inside the first tube.

8. The method of claim 7, wherein a first welding machine performs step c),

and a different second welding machine performs step f).

9. The method of claim 1, wherein the first tubular connector obtained in step

b) is an elbow connector (43).

10. The method of claim 1, wherein the first tubular connector obtained in step

b) is a “I”-joint connector (54).

11. The method of claim 1, wherein the first tubular connector obtained in step

b) is a cross-joint connector (60).

12. The method of claim 1, wherein the first tubular connector obtained in step
b) is a diameter-changing tubular connector (66) having a larger outside

diameter at the first end portion and a smaller outside diameter at the second

end portion.

13. The method of claim 1, wherein step ¢) metallurgically attaches the first
end portion to the wall of the first tube.

14. The method of claim 1, wherein step ¢) metallurgically attaches the first
end portion to an end of the first tube.
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15. The method of claim 1, wherein the first tube obtained in step a) is a
substantially straight tube having an annularly substantially-circular cross

section.

16. The method of claim 1, wherein the first tube obtained in step a) is a
substantially straight tube having an annularly substantially-rectangular cross

section.

17. The method of claim 1, wherein the first tubular connector obtained in step
b) is a two-section tube connector (72) having a first section (74) including the
first end portion and a second section (78) including the second end portion,
wherein the first section has a metallurgical composition matching that of the
first tube, wherein the second section has a different metallurgical composition
matching that of the tubular member, and with the first and second sections

metallurgically joined together by a solid state bond.

18. The method of claim 1, wherein a first welding machine performs step c),

and wherein a different second welding machine performs step f).

19. A method for manufacturing a metallic tubular assembly comprising the

steps of:

a) obtaining a substantially-straight first tube;

b) obtaining a first tubular connector having a first end portion and a
second end portion;

¢) after steps a) and b), annularly metallurgically attaching the first end
portion to the first tube;

d) after step c), changing the shape of the first tube;

e) obtaining a substantially-straight tubular member having a third end
portion, wherein at least one of the second and third end portions includes an
annular outward fold, and wherein the fold includes spaced-apart first and

second fold portions;
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f) after steps a) through e), disposing the first tubular connector and the
tubular member with the second end portion aligned with and contacting the

third end portion; and

g) after step f), creating a resistance welding current path through the
first tubular connector and the tubular member proximate the second and third
end portions and relatively and deformingly moving together the second and
third end portions creating an annular weld zone which includes at least some of

the second and third end portions.

20. A method for manufacturing a metallic tubular assembly comprising the

steps of:

a) obtaining a first tube;

b) obtaining a first tubular connector having a first end portion and a
second end portion;

c) after steps a) and B), annularly metallurgically attaching the first end
portion to the first tube;

d) obtaining a second tube;

¢) obtaining a second tubular connector having a third end portion and a
fourth end portion, wherein at least one of the second and third end portions
includes an annular outward fold, and wherein the fold includes spaced-apart
first and second fold portions;

f) after steps d) and €), annularly metallurgically attaching the fourth
end portion to the second tube;

g) after steps a) through £), disposing the first tubular connector and the
second tubular connector with the second end portion aligned with and
contacting the third end portion; and

h) after step g), creating a resistance welding current path through the
first and second tubular connectors proximate the secbnd and third end portions
and relatively and deformingly moving together the second and third end
portions creating an annular weld zone which includes at least some of the

second and third end portions.
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