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METHOD FOR RESISTANCE WELDING A TUBE 
TO A MEMBER 

TECHNICAL FIELD 

[0001] The present invention relates generally to Welding, 
and more particularly to a method for resistance Welding a 
tube to a member. 

BACKGROUND OF THE INVENTION 

[0002] Resistance Welding (also known as electric-resis 
tance Welding) is a knoWn metallurgical process used to 
Weld a right-angle end ?ange of a tube to a surface projec 
tion of a plate 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. In one knoWn variation, the plate 
is stamped creating depressions on the top surface and 
creating surface projections on the bottom surface so that 
during the resistance Welding, the projections soften and/or 
melt creating a Weld nugget Which joins together the plate to 
the tube ?ange. 

[0003] Conventional methods for Welding a tube to 
another tube or for Welding a tube to a plate include gas 
metal arc Welding. Gas metal arc Welding uses a consumable 
metal Wire as one electrode and the parts as another elec 
trode, and moves the consumable metal Wire (or the parts) 
to draW an arc 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. In a conventional 
gas metal arc Welding technique, solid metal Wire or metal 
core Wire (i.e., an annular-solid Wire Whose core is ?lled 
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. Aceramic ferrule is used 
to contain the Weld puddle When needed. Gas metal arc 
Welding requires expensive Welding equipment, the molten 
Weld puddle tends to How aWay from the joint area (depend 
ing on the joint position With respect to gravity) resulting in 
Welds of inconsistent quality, and the process requires a long 
cycle time betWeen Welds. 

[0004] 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. Friction Welding 
is not easily applicable to thin-Walled tubes because they do 
not retain their shapes Well under heat and pressure. It is 
noted that laser and electron-beam Welding for the above 
joints also need expensive equipment and expensive joint 
preparation. 
[0005] What is needed is a less expensive method for 
metallurgically joining a tube to a member. 

SUMMARY OF THE INVENTION 

[0006] A ?rst method of the invention is for resistance 
Welding a tube to a member and includes steps a) through d). 
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Step a) includes obtaining a tube having an axially-extend 
ing ?rst portion and having a tube form Which extends 
transversely from the ?rst portion, Wherein the tube form 
includes at least one axial projection. Step b) includes 
obtaining a member. Step c) includes, after steps a) and b), 
positioning the tube and the member With the at-least-one 
axial projection contacting the member. Step d) includes, 
after step c), creating a resistance Welding current path 
through the member and the tube including the at-least-one 
axial projection creating a Weld Zone Which includes at least 
some of the at-least-one axial projection and at least some of 
the member. 

[0007] A second method of the invention is for resistance 
Welding a tube to a member and includes steps a) through d). 
Step a) includes obtaining a tube having an axially-extend 
ing ?rst portion and having a tube form Which extends 
transversely from the ?rst portion, Wherein the tube form 
includes at least one axial projection. Step b) includes 
obtaining a member. Step c) includes, after steps a) and b), 
positioning the tube and the member With the at-least-one 
axial projection contacting the member. Step d) includes, 
after step c), creating a resistance Welding current path 
through the member and the tube including the at-least-one 
axial projection and relatively axially moving the at-least 
one axial projection deformingly against the member creat 
ing a Weld Zone Which includes at least some of the 
at-least-one axial projection and at least some of the mem 
ber. 

[0008] Several bene?ts and advantages are derived from 
one or more of the methods of the invention. The tube form 
alloWs resistance Welding of a tube to a member to be 
commercially feasible, as can be appreciated by those skilled 
in the art. The at-least-one axial projection enables the 
Welding of thick-thin part combinations and alloWs a smaller 
Welding current to be used since all of the Welding current 
creating the Weld Zone ?oWs only through the projection(s) 
and not through a larger area. 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 

[0009] FIG. 1 is a block diagram of a ?rst method of the 
invention for resistance Welding a tube to a member; 

[0010] FIG. 2 is a schematic, side cross-sectional vieW of 
a ?rst embodiment of a tube and a member (Which is another 
tube) used in a ?rst example of the ?rst method, shoWing the 
tubes just before Welding; 

[0011] FIG. 3 is a vieW, as in FIG. 2, but shoWing the tWo 
tubes after Welding and With the Welding electrodes 
removed; 
[0012] FIG. 4 is a vieW along lines 4-4 in FIG. 2 shoWing 
a ?rst shape of the at-least-one axial projection With the 
Welding electrodes removed; 

[0013] FIG. 5 is a vieW, as in FIG. 4, but shoWing a 
second shape of the at-least-one axial projection; 

[0014] FIG. 6 is a vieW, as in FIG. 4, but shoWing a third 
shape of the at-least-one axial projection; 

[0015] FIG. 7, is a vieW, as in FIG. 2, but shoWing a 
second embodiment of a tube and a member (Which is a 
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plate) used in a second example of the ?rst method, showing 
the tube and the plate just before Welding. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] A ?rst method of the invention is for resistance 
Welding a tube 10 to a member 12 and is shoWn in block 
diagram form in FIG. 1 With a ?rst embodiment of the tube 
10 and the member 12 shoWn in FIGS. 2 and 3. The ?rst 
method includes steps a) through d). Step a) is labeled as 
“Obtain Tube Having ATube Form” in block 14 of FIG. 1. 
Step a) includes obtaining a tube 10 having an axially 
extending ?rst portion 16 and having a tube form 18 Which 
extends transversely from the ?rst portion 16, Wherein the 
tube form 18 includes at least one axial projection 20. Step 
b) is labeled as “Obtain Member” in block 22 of FIG. 1. Step 
b) includes obtaining a member 12. Step c) is labeled as 
“Dispose Tube and Member” in block 24 of FIG. 1. Step c) 
includes, after steps a) and b), disposing the tube 10 and the 
member 12 With the at-least-one axial projection 20 con 
tacting the member 12. Step d) is labeled as “Create Weld 
Zone” in block 26 of FIG. 1. Step d) includes, after step c), 
creating a resistance Welding current path through the mem 
ber 12 and the tube 10 including the at-least-one axial 
projection 20 creating a Weld Zone 28 Which includes at least 
some of the at-least-one axial projection 20 and at least some 
of the member 12. 

[0017] In one example of the ?rst method, the member 12 
is a tubular member as shoWn in FIGS. 2 and 3. In one 
modi?cation, the Weld Zone 28 extends the Width of the tube 
form 18 as can be seen in FIG. 3. In another modi?cation, 
not shoWn, the Weld Zone extends the Width of the axial 
projection 20. In one variation, not shoWn, a portion of the 
tube above the tube form extends inside the tubular member. 
In a different example, the member is a non-tubular member. 
In one variation, the member is a plate (Without a hole or 
With a hole in Which the tube is partially disposed). In 
another variation, the member is a thicker solid. Other 
modi?cations, variations, and the choice of Weldable mate 
rials making up the tube and the member, are left to the 
artisan. 

[0018] In one construction using the ?rst method, the tube 
10 is a substantially circular tube. In one variation, the tube 
10 is a completely straight tube. In another variation, the 
tube is a bent or otherWise non-straight tube. In one modi 
?cation, the tube is a long tube. In another modi?cation, the 
tube is a short tubular connector. It is noted that a tube 
axially extends along its centerline and that the length of a 
tube is the distance along its centerline Whether the center 
line is straight or not. Other constructions, variations, and 
modi?cations of the tube are left to the artisan. 

[0019] In one embodiment using the ?rst method, the tube 
form 18 is disposed proximate an end of the tube 10 as 
shoWn in FIG. 2. The term “proximate” includes “at”. In a 
different embodiment, the tube form is disposed elseWhere 
on the tube than proximate an end of the tube. In one 
variation of this different embodiment, the ?rst method 
resistance Welds a tube to a plate Wherein the plate has a 
through hole and Wherein the tube extends both above and 
beloW the plate. Other embodiments and variations are left 
to the artisan. 

[0020] In one enablement of the ?rst method, the tube 
form 18 is a fold 30 as shoWn in FIG. 2. A “fold” is a fold 
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of the tube Wall of a portion of the tube. The fold may or may 
not include axially-spaced-apart ?rst and second fold por 
tions. In one variation, the fold is an annular fold. In one 
modi?cation, the fold is an outWardly-extending annular 
fold. In a different enablement, the tube form 18 is a ?ange. 
For purposes of describing any of the methods, a ?ange is a 
tube form Which does not include a fold. In one variation, the 
?ange is an annular ?ange. In one modi?cation, the ?ange is 
an outWardly-extending annular ?ange. Other annular and 
non-annular tube forms, including inWardly-extending (or 
both inWardly and outWardly-extending) tube forms, are left 
to the artisan. 

[0021] In one enablement of the ?rst method, the tube 
form 18 is a monolithic portion of the tube 10 and the 
at-least-one axial projection 20 is a monolithic portion of the 
tube form 18, Wherein the at-least-one axial projection 20 
Was created during the creation of the tube form 18. In one 
technique, conventional tube forming methods are used to 
create the tube form 18 such as by surrounding the tube 10 
With a die having a tube-form-shaped recess, supporting the 
inside of the tube 10 With a solid cylinder, and pushing 
against the ends of the tube 10 to force a portion of the tube 
10 into the recess to create the tube form 18 including the 
at-least-one axial projection 20. In another technique, the 
tube 10 is created by pouring molten metal into a tube mold 
Which is shaped to create the tube form 18 including the 
at-least-one axial projection 20. Other enablements and 
techniques are left to the artisan. 

[0022] In one axial-projection design using the ?rst 
method, the tube form 18 is an annular tube form, and the 
at-least-one axial projection 20 is a single annular axial 
projection 32 shoWn in the example of FIG. 4. In alternate 
designs, the at-least-one axial projection 18 includes a 
plurality of spaced-apart axial projections 34 and 36 shoWn 
in the examples of FIGS. 5 and 6. Other designs of the 
at-least-one axial projection 20 are left to the artisan. 

[0023] FIG. 2 shoWs one electrode choice Which can be 
used in a conventional resistance Welding machine to per 
form the ?rst method. In this choice, ?rst and second 
electrodes 38 and 40 are used. The ?rst electrode 38 is an 
annular (e.g., a one or tWo or more piece annular) electrode 
disposed axially against the tube form 18 on a surface of the 
tube form 18 opposite the at-least-one axial projection 20. 
The second electrode 40 is an annular electrode disposed as 
shoWn in FIG. 2. 

[0024] In one technique using the ?rst method, step d) is 
performed Without relatively axially moving the at-least-one 
axial projection 20 deformingly against the member 12. In 
another technique step d) includes relatively axially moving 
the at-least-one axial projection 20 deformingly against the 
member 12. It is noted that the resistance Welding of step d) 
is With or Without the application of deforming pressure 
When the metal to be Welded is melted and that the resistance 
Welding of step d) is With the application of deforming 
pressure When the metal to be Welded is only softened. Even 
When not applying deforming pressure, the tube 10 and the 
member 12 typically Would be moved toWard each other to 
maintain the resistance Welding current path during step d). 

[0025] In one option using the ?rst method, the Weld Zone 
28 created by step d) is a leak-tight annular Weld Zone. It is 
noted that a single non-annular axial projection or a plurality 
of Widely spaced apart axial projections is unlikely to result 
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in a leak-tight annular Weld Zone. A non-leak-tight Weld 
Zone is satisfactory for particular Welding applications as 
can be appreciated by the artisan. 

[0026] A second method of the invention is for resistance 
Welding a tube 10 to a member 12 and includes steps a) 
through d). Step a) includes obtaining a tube 10 having an 
axially-extending ?rst portion 16 and having a tube form 18 
Which extends transversely from the ?rst portion 16, 
Wherein the tube form 18 includes at least one axial projec 
tion 20. Step b) includes obtaining a member 12. Step c) 
includes, after steps a) and b), disposing the tube 10 and the 
member 12 With the at-least-one axial projection 20 con 
tacting the member 12. Step d) includes, after step c), 
creating a resistance Welding current path through the mem 
ber 12 and the tube 10 including the at-least-one axial 
projection 20 and relatively axially moving the at-least-one 
axial projection 20 deformingly against the member 12 
creating a Weld Zone 28 Which includes at least some of the 
at-least-one axial projection 20 and at least some of the 
member 12. By “relatively moving” a ?rst piece against a 
second piece is meant moving the ?rst piece against the 
second piece or moving the second piece against the ?rst 
piece or moving both pieces against each other. 

[0027] In one procedure involving the second method, the 
?rst and second electrodes 38 and 40 are relatively axially 
moved toWards each other during step d) along lines of 
movement indicated by arroWs 42 in FIG. 2. 

[0028] In one enablement of the ?rst method, the tube 
form 18 is a fold 30 as shoWn in FIG. 2. In one variation, 
the fold 30 includes axially-spaced-apart ?rst and second 
fold portions 44 and 46. In a different enablement, the tube 
form 18 is a ?ange. Other tube forms are left to the artisan. 
It is noted that the optional examples, variations, modi?ca 
tions, etc. of the ?rst method are equally applicable to the 
second method. 

[0029] FIG. 7 shoWs a second embodiment of a tube 48 
and a member (Which is a plate 50) used in a second example 
of the ?rst and/or second methods, shoWing the tube 48 and 
the plate 50 just before Welding. In this embodiment, the 
tube form 54 is a ?ange 60. In one technique using this 
embodiment, a ?rst electrode 62 and an annular second 
electrode 64 are employed as shoWn in FIG. 7. It is noted 
that the optional examples, etc of the ?rst method, and the 
deformation resistance Welding step d) of the second method 
are equally applicable to this embodiment. It is also noted 
that projections may be employed on both the tube and the 
member in any of the methods and embodiments. 

[0030] Several bene?ts and advantages are derived from 
one or more of the methods of the invention. The tube form 
alloWs resistance Welding of a tube to a member to be 
commercially feasible, as can be appreciated by those skilled 
in the art. The at least one axial projection enables the 
Welding of thick-thin part combinations and alloWs a smaller 
Welding current to be used since all of the Welding current 
creating the Weld Zone ?oWs only through the projection(s) 
and not through a larger area. 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. 

[0031] The foregoing description of a several methods of 
the invention has been presented for purposes of illustration. 
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It is not intended to be exhaustive or to limit the invention 
to the precise procedures or precise forms disclosed, and 
obviously many modi?cations and variations are possible in 
light of the above teaching. It is intended that the scope of 
the invention be de?ned by the claims appended hereto. 

1. A method for resistance Welding a tube to a member 
comprising the steps of: 

a) obtaining a tube having an axially-extending ?rst 
portion and having a tube form Which extends trans 
versely from the ?rst portion, Wherein the tube form 
includes at least one axial projection; 

b) obtaining a member; 

c) after steps a) and b), disposing the tube and the member 
With the at-least-one axial projection contacting the 
member; and 

d) after step c), creating a resistance Welding current path 
through the member and the tube including the at-least 
one axial projection creating a Weld Zone Which 
includes at least some of the at-least-one axial projec 
tion and at least some of the member. 

2. The method of claim 1, Wherein the member is a tubular 
member. 

3. The method of claim 1, Wherein the member is a 
non-tubular member. 

4. The method of claim 1, Wherein the tube is a substan 
tially circular tube. 

5. The method of claim 1, Wherein the tube form is 
disposed proximate an end of the tube. 

6. The method of claim 1, Wherein the tube form is a 
?ange. 

7. The method of claim 6, Wherein the ?ange is an annular 
?ange. 

8. The method of claim 7, Wherein the ?ange is an 
outWardly-extending annular ?ange. 

9. The method of claim 1, Wherein the tube form is a fold. 
10. The method of claim 9, Wherein the fold is an annular 

fold. 
11. The method of claim 10, Wherein the fold is an 

outWardly-extending annular fold. 
12. The method of claim 1, Wherein the tube form is a 

monolithic portion of the tube, Wherein the at-least-one axial 
projection is a monolithic portion of the tube form, and 
Wherein the at-least-one axial projection Was created during 
the creation of the tube form. 

13. The method of claim 1, Wherein the tube form is an 
annular tube form, and Wherein the at-least-one axial pro 
jection is a single annular axial projection. 

14. The method of claim 1, Wherein the at-least-one axial 
projection includes a plurality of spaced-apart axial projec 
tions. 

15. The method of claim 1, Wherein step d) is performed 
Without relatively axially moving the at-least-one axial 
projection deformingly against the member. 

16. The method of claim 1, Wherein the Weld Zone created 
by step d) is a leak-tight annular Weld Zone. 

17. A method for resistance Welding a tube to a member 
comprising the steps of: 

a) obtaining a tube having an axially-extending ?rst 
portion and having a tube form Which extends trans 
versely from the ?rst portion, Wherein the tube form 
includes at least one axial projection; 



US 2004/0188389 A1 

b) obtaining a member; 

c) after steps a) and b), disposing the tube and the member 
With the at-least-one axial projection contacting the 
member; and 

d) after step c), creating a resistance Welding current path 
through the member and the tube including the at-least 
one axial projection and relatively axially moving the 
at-least-one axial projection deformingly against the 
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member creating a Weld Zone Which includes at least 
some of the at-least-one axial projection and at least 
some of the member. 

18. The method of claim 17, Wherein the tube form is a 
?ange. 

19. The method of claim 17, Wherein the tube form is a 
fold. 


