A 0 Y O O

03/018245 Al

=

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

6 March 2003 (06.03.2003) PCT WO 03/018245 A1l
(51) International Patent Classification’: B23K 11/06, David, P. [US/US]; 195 Franklin Street, Dublin, OH 43017
11730, 11/36 US).
(21) International Application Number: PCT/US02/26748 (74) Agent: POLLICK, Philip, J.; Kremblas, Foster, Phillips

(22) International Filing Date: 22 August 2002 (22.08.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

09/940,390 27 August 2001 (27.08.2001) US

(63) Related by continuation (CON) or continuation-in-part
(CIP) to earlier application:
Us
Filed on

09/940,390 (CON)
27 August 2001 (27.08.2001)

(71) Applicant (for all designated States except US): EDISON
WELDING INSTITUTE [US/US]; 1250 Arthur E.
Adams Drive, Columbus, OH 43221 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GOULD, Jerry, E.
[US/US]; 1182 Wyandotte Road, Columbus, OH 43212
(US). LEHMAN, Lawrence, R. [US/US]; 390 East Oak-
land Avenue, Columbus, OH 43202 (US). WORKMAN,

& Pollick, P.O. Box 141510, Columbus, OH 43214 (US).
(81) Designated States (national): AE, AG, AL, AM, AT, AU,
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, L.C,
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,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BF, BJ, CE, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: CONDUCTIVE HEAT SEAM WELDING

10 12

A

P

&,

(57) Abstract: A welding arrangement comprises first and second parts (4a, 4b) to be welded with an edge portion of the first part
(4a) and an edge portion of the second part (4b) juxtaposed to form a weld zone (8c). Electrically-conductive sheet(s) (2, 6) with
a higher melting temperature than of the first and second parts (4a, 4b) are placed over the weld zone (8c) and a force (20, 20°) is
used to apply a lateral compressive force to the weld zone (8c). First and second electrodes (12, 14) are placed in contact with the
electrically conductive sheet(s) (2, 6) which are resistively heated and in turn conductively heat the weld zone (8c).



10

15

20

25

30

35

WO 03/018245 PCT/US02/26748

-1-

CONDUCTIVE HEAT SEAM WELDING
CROSS REFERENCE TO RELATED APPLICATION
This application is a continuation of US application no. 09/940,390 filed 27 August, 2001,

all of which is incorporated here by reference as if completely written herein.
BACKGROUND OF THE INVENTION

FIELD

This invention pertains to a welding arrangement and process for joining parts in various
weld configurations. More particularly, the process relates to the use of a resistively heated cover
sheet that provides conductive heating of the weld zone of the parts to be welded and a lateral
compressive force device that constrains the molten weld pool to the weld zone and ensures
complete filling of the weld zone with non-porous weld material.

BACKGROUND

As consumer demand for more fuel efficient vehicles increases, as well as increased
government regulation of fleet fuel economy, the use of light-weight materials such as aluminum
for automotive components is becoming more attractive. As part of this effort, aluminum parts with
continuous joints are of interest; however, the processes used to fabricate these joints are
expensive. These processes include laser welding, gas tungsten arc (GTA) welding, and electron
beam welding. ,

Meadowcroft (US Pat. No. 1,560,080) uses a method of conductive spot welding in which
aluminum arranged in a lap joint configuration is spot welded by placing two steel sheets on
opposite sides of the lap joint configuration. Electrodes placed in contact with the steel sheets are
used to resistance heat the steel sheets which in turn conductively heat a spot in the aluminum lap
joint configuration and join the aluminum by means of one or more welded spots along the lap joint
configuration. Such a technique is effective in that the molten aluminum in the spot configuration
is confined on all sides, i.., on the top and bottom by the steel sheets and on all sides by the
relatively cold aluminum sheet. It is specifically noted that the welding does not occur at the edges
of the aluminum sheet but inward from all edges so as to afford a lateral constraint about the
aluminum weld pool. When the Meadowcroft technique is applied to continuous seam welding,
i.e., a weld configuration in which the edges of the sheets are butted against each other to form a
bond line and the edges welded together, the weld tends to be less than satisfactory. In a seam
welding configuration, the bond line becomes a discontinuity in the constraining material which
causes a progressive separation of the sheets at the bond line as the welding progresses and
subsequent loss of joint quality. Such loss in joint quality includes (progressively) reduction in weld
(joint) thickness, loss of joint material, severe internal weld porosity, and finally total failure of the
ability to form a bond.

Thus it is an object of the present invention to provide a high quality, continuous seam weld

by means of conductive heating.
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It is an object of the present invention to provide a lateral compressive force to the weld
zone of a seam weld.

It is an object of the present invention to maintain joint thickness.

It is an object of the present invention to provide an inexpensive continuous weld.

It is an object of the present invention to provide conductive heating of a weld zone.

It is an object of the present invention to prevent metal expulsion from the weld.

~ ltis an object of the present invention to provide an improved method of welding

aluminum.

It is an object of the present invention to provide a weld of good weld integrity.

It is an object of the present invention to reduce electrode wear rates.

It is a further object of the present invention to provide a weld with minimal evidence of

cracking or porosity.
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SUMMARY OF THE INVENTION

To meet these objects, the present invention features placing two electrically-conducting

parts to be joined, typically metals although electrically conductive plastics may also be used,
juxtaposed one to the next to form a weld zone. One or more covering sheets of a higher-melting,
electrically-conductive material than the parts to be joined is placed next to the weld zone.
Oppositely charged electrodes are positioned and aligned to cause a current to flow through the
covering sheet and the weld zone of the materials to be joined. Resistance heating of the cover
sheet(s) with subsequent conductive heating of the weld zone produces sufficient heat to melt and
weld the parts together. The covering sheet(s) not only provides conduction heating of the weld
zone but it also provides constraint to the molten metal to prevent expulsion of molten part
materials from the weld pool. For butt weld type configurations, the use of a force applying device
to apply a compressive lateral force to the weld zone during conductive heating substantially
increases the weld efficiency of the joint.

In a common arrangement used with the present invention, the weld zone of the parts to
be joined is sandwiched between two covering sheets with oppositely charged electrodes then
placed in contact with the covering sheets. By using rotating circular electrodes, the parts can be
joined in a continuous seam weld. However, it is to be realized that the method may also be used
for intermittent and spot welds using appropriate electrode configurations.

A wide variety of materials can be joined including aluminum, lead, copper, brass and
other alloys provided the materials to be joined melt are at a lower temperature than the covering
material. The cover sheet typically is a steel such as SAE 1010/1008 but can include various other
covering materials including cobalt, nickel, and titanium based alloys that melt at a temperature
greater than the parts to be joined. Various weld-zone configurations may also be used including
butt, tee, lap and mash configurations.

For butt joint and similar edge-joining, continuous-weld configurations, it has been found
especially beneficial to use a force application device to apply a lateral force to the weld so as to
urge the edges of the sheets to be joined together at the bond line(weld zone) during the welding
process. Such a feature has the advantages of: 1) preventing separation of the sheets at the
bond fine, i.e., failure of the ability to form a bond, 2) reducing the internal porosity of the resulting
joint, 3) preventing loss of joint material, 4) preventing a reduction in joint thickness, and 5)
substantially improving the joint efficiency of the resulting weld.

The foregoing and other objects, features and advantages of the invention will become
apparent from the following disclosure in which one or more preferred embodiments of the
invention are described in detail and illustrated in the accompanying drawings. It is contemplated
that variations in procedures, structural features and arrangement of parts may appear to a person
skilled in the art without departing from the scope of or sacrificing any of the advantages of the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1. is a perspective view, partially broken away, showing a butt weld arrangement of

parts to be joined, their upper and lower covering sheets, and rotating circular electrodes as used
in the present invention.

Fig. 2. is a front elevation view of the present invention showing the parts to be joined, the
covering layers, and the circular rotating wheel electrodes.

Figs. 3a-c are partial schematic views of the present invention showing the stages of the
welding process with Fig. 3a illustrating the initial resistive heating of the covering sheets with heat
conduction to the weld zone of the parts to be joined, Fig. 3b showing the formation of a molten
pool of the part material to be joined enclosed in a die composed of the covering sheets and the
solid portion of the parts to be joined, and Fig. 3c illustrating the solidified weld (cast-type
structure).

Fig. 4 is a partial schematic view illustrating a welding arrangement for producing lap joints
according to the conductive heat resistance seam welding method of the present invention.

Fig. 5 is a partial schematic view illustrating a welding arrangement for producing butt
joints with muitiple sheets (parts) according to the conductive heat resistance seam welding
method of the present invention.

Fig. 6 is a partial schematic view illustrating a welding arrangement for producing tee-
section joints according to the conductive heat resistance seam welding method of the present
invention.

Fig. 7 is a partial schematic view illustrating a welding arrangement for producing lap joints

‘'using a pair of electrodes contacting a single cover sheet and the conductive heat resistance seam

welding method of the present invention.

Fig. 8 is a partial schematic view illustrating a welding arrangement for producing mash
joints according to the conductive heat resistance seam welding method of the present invention.

Fig. 9 is a partial schematic view illustrating the use of a device to apply a lateral
compressive force to the weld zone during conductive heating of the weld zone.

Fig.10 is a partial schematic view showing the application of a lateral compressive force to
the weld zone during conductive heating of theweld zone using a clamping arrangement in
conjunction with a pneumatic piston.

Fig.11 is a partial schematic view demonstrating the application of a lateral compressive
force to the weld zone during conductive heating of the weld zone by means of cambered wheels
that provide inward pressure to the weld zone.

_ In describing the preferred embodiment of the invention which is illustrated in the drawings,
specific terminology is resorted to for the sake of clarity. However, it is not intended that the
invention be limited to the specific terms and materials so selected and it is to be understood that
each specific term includes all technical equivalents that operate in a similar manner to accomplish

a similar purpose.
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Although a preferred embodiment of the invention has been herein described, it is
understood that various changes and modifications in the illustrated and described structure can
be affected without departure from the basic principles that underlie the invention. Changes and
modifications of this type are therefore deemed to be circumscribed by the spirit and scope of the
invention, except as the same may be necessarily modified by the appended claims or reasonable

equivalents thereof.
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DETAILED DESCRIPTION OF THE INVENTION AND BEST MODE FOR
CARRYING OUT THE PREFERRED EMBODIMENT
As shown in Figs. 1-3c, the present invention is a process for joining materials (parts) 4a
and 4b such as those made from automotive-gauge (0.040 in. (1.0mm) and 0.080-in. (2.0mm} )
aluminum alloys. Resistance heating of one or more cover sheets 2, 8, e.g., steel, with a higher

melting temperature than the parts 4a, 4b to be joined, e.g., aluminum, with subsequent conductive
heating of the parts 4a, 4b in a weld zone, is utilized to join parts 4a, 4b in a butt weld or similar
configuration. As illustrated in Figs. 9-11, a force application device 40 is used to apply a
compressive inward directed force 20, 20' to the weld zone 8c in the plane of parts 4a, 4b, i.e., a
lateral compressive force. Such a force application device 40 substantially improves the joint
efficiency of butt joint-type weld configurations.

A schematic of a typical material stack-up configuration 10 is presented in Fig, 1. The
materials (parts) to be joined, 4a and 4b, are placed so that an edge 8a and edge 8b are
juxtaposed one to the next (adjacent to each other and typically in contact with each other) to form
a weld zone. An upper cover sheet 2 is placed on top of the edges 8a and 8b (the weld zone) and
a lower cover sheet 6 is placed under the weld zone (8a, 8b). Rotating circular electrodes 12 and
14 travel on the outer surfaces of cover sheets 2 and 6 with current passing through cover sheets 2
and 6 and the weld zone in the region of 8a, 8b.

Standard resistance seam welding equipment typically is employed to make the joint with
a number of process factors influencing the process including, but not limited to: weld current,
weld force, electrode travel speed, weld schedule, power (either AC or DC), electrode geometry,
part thickness, cover thickness, and part material surface condition among others.

In the following examples, a 5154 aluminum alloy was used for all weld trials. Both 0.040
in. (1.0mm) and 0.080 in. (2.0mm) aluminum sheet were investigated. The low carbon steel
employed for the cover sheets was 0.030 in. (0.76mm) or 0.060 in. (1.5mm) thick. All welds were
made using a National 200-kVA resistance seam welder. The electrodes utilized were standard
Class Il Cu with an approximate 0.300 in. (0.76mm) face width and various face radii. Current
levels were monitored using a Miyachi MM-326B weld checker. Tensile samples were tested using
a 5-kip standard tensile testing machine.

The conductive heat resistance welding process of the present invention is a process that
can be used for many applications such as continuously joining aluminum alloys with a butt joint
configuration. The process utilizes resistance heating of one or more cover steel cover sheets 2, 6
with subsequent conductive heating of the aluminum parts 4a, 4b. Although this process is termed
"conductive heat resistance seam welding", it is important to realize that this process is significantly
different than standard resistance seam welding. With the conductive heat resistance seam
welding process of the present invention, formation of the joint is similar to a continuous casting
process. As such, this process incorporates both the fundamental aspects of heat generation

through resistive heating and joint formation through casting.
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Heat generation with traditional conductive resistance welding, as with all resistance
welding processes, is based upon Prt heating (I = current, r = resistance, t = time). The traditional
process effects of material bulk resistance, interface resistance, material stack-up, etc. in

conventional resistance seam welding are well understood. When considering the conductive heat

resistance seam welding process of the present invention, many of the same process effects are
present; however, their influences on the process are quite different.

With the conductive heat resistance seam welding process, heat generation is the result of
resistive heating. Heat generation occurs due to the respective bulk resistances of the covers 2,6
(e.g., steel) and material of the parts to be welded 4a, 4b (e.g., aluminum), along with all of the
interface resistances. Those factors which promote resistive heating of the steel (i.e., bulk resistive
heating) and decreased interface resistances (i.e., interface heating), improve the conductive heat
resistance seam welding process. This is attributable to (1) the somewhat narrow temperature
range between through thickness melting of the parts 4a, 4b and that which allows for the part to
bond to the cover sheets 2, 6 and (2) the consistency of the applied heat. Some of the factors
which influence the above include cover sheet thickness, weld force, part material surface
coatings, e.g., aluminum oxide, etc. ‘

" The generation of heat in conventional resistance seam welding is based upon the reaction
of current with the workpiece resistance. Formation of the joint is dependent upon achieving
sufficient heating to promote melting of the parts. During this process of the present invention,
constraint is provided by the welding electrodes acting under a force as it is applied to the outer
surface of the cover sheets.

As shown in Figs. 3a-c, the formation of the joint weld with a conductive heat resistance
seam welding process can be compared to a casting process. The resistive heating (I?rt) produces
heat conduction to the weld region 8a, 8b (Fig. 3a; arrows). As shown in Fig. 3b, the heat
conduction provides the energy required for the solid to liquid transformation in the weld region 8a,
8b. The two steel cover sheets 2 and 6 along with-the surrounding solid aluminum 4a and 4b
comprise the die- which encases the molten aluminum 8c. As shown in Fig. 3c, upon solidification,
the separate sheets of aluminum become joined by weld 8d.

In all welding processes there is a range over which "acceptable” welds are achieved.
Typically with conventional resistance seam welding, this range has a lower applied heat (i.e.,
current) level which produces a weld of adequate width and spot overlap and an upper applied heat
level which results in expulsion. Similarly with the conductive heat resistance seam welding
process of the present invention, there exists a lower and upper "applied heat" level. The lower
level is defined as that which results in complete through thickness melting of the aluminum. The
upper level is defined as that applied heat level where the molten parts bond with the cover sheet.

A number of process factors effect the conductive heat resistance seam welding process.
Similar to all welding processes, these factors are not entirely free-standing, but rather, they

interact with one another. As such, control of the conductive heat resistance seam welding process
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is a matter of balancing various aspects of the process and the process factors so as to achieve a
satisfactory joint.

It is important to note that although presented here in relation to travel speed, the
conditions mentioned can not be solely attributed to travel speed. Rather they are a function of
balancing heat input versus heat removal. Any factor which influences heat transfer may also
cause similar results.

Similar to the formation of a hermetic joint using resistance seam welding, the conductive
heat resistance seam welding process involves localized melting and re-solidification of the parent
material. When this occurs in an over-lapping manner, it is possible to produce a continuous joint.
Continuous joints can be produced with travel speeds up to 150 in/min (380 cm/min). Achieving a
desired travel speed is dependent upon balancing both heat input and constraint.

Considering the input and removal of heat, if the travel speed is too fast for an insufficient
supply of heat, through thickness melting of the aluminum parts does not occur. If the supply of
heat is sufficient to produce through thickness melting and the travel speed is too fast, the
electrode wheels move off of the area of molten aluminum prior to solidification, resulting in
cracking and other discontinuities. In contrast, if the input of heat is sufficient to produce through
thickness melting and the travel speed is too slow, a number of situations are observed.

First, increases in the applied heat increase joint width. The effect of having wider joints is
not completely understood; however, it appears that there are benefits to having narrower joints.
Second, with too much heat, the aluminum forms a bond with the steel. When this occurs, it
becomes more difficult to remove the consumable steel cover sheets and, in some instances, such
removal results in removal of aluminum from the joint.

Third, with increases in the amount of heat present, heat conducts down the aluminum
ahead of the seam welding wheels. Conduction of heat ahead of the wheels decreases the yield
strength of the upcoming non-bonded aluminum. As such, as the electrode wheels progress
forward, instead of "stepping up" onto a solid stack-up of steel and aluminum, the electrode wheels
(acting through the steel cover sheets) "plow" forward into soft, formable aluminum. This separates
the joint and completely prevents joint formation.

For the conductive heat resistance seam welding process, the effect of current is similar to
that of any resistance welding process. The applied current is the source of energy which allows
generation of heat. The optimal amount of current corresponds to production of sufficient heat to
promote full thickness melting of the material to be joined, e.g., aluminum, without subsequent
bonding of the aluminum to the steel cover sheets.

The effect of weld force on the conductive heat resistance seam welding process is first
associated with its effect on interface resistance. High interface resistances (i.e., low weld forces)
promote rapid heat generation and increased fluctuations in temperature. Such conditions
decrease the ability to achieve a satisfactory joint. Second, the welding force, translated through
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the cover sheets, provides constraint to the weld process. In this way, higher forces allow larger
welds to form. ,

Continuous power, along with a number of various pulsation weld schedules, can be used.
The results sﬁggest there is not a single preferential weld schedule. It is evident that for a given
set of process conditions, the preferential weld schedule is that which provides sufficient weld time
to allow for full thickness melting of the aluminum, and, just as importantly, allows sufficient cool
time for re-solidification of the aluminum prior to loss of constraint.

With regard to the type of power utilized, satisfactory joints are achieved with both AC and
DC power. The most significant difference between the two types of power is the differential
heating associated with direct current. This differential heating is identical to that which exists with
all DC resistance welding processes. For the conductive heat resistance seam welding process,
compensation for differential heating is achieved by utilizing a thicker steel cover sheet on the
upper surface (the upper surface corresponds to that which has the greater amount of heat due to
the passing of the direct current).

Both flat and various radii-faced electrodes can be utilized. With flat-faced electrodes, any
changes in material thickness, electrode roundness, or electrode alignment which resulis in a
variation in pressure along the electrode contact area, also results in a variation in applied heat to
the butt joint. Variation in pressure along the face allows for a preferential current path which is
located at the outer edge of the electrode, away from the butt joint.

With radiused electrodes, the occurrence of improper current concentration along the butt
joint is minimized. However, too smail of electrode face radii results in increased separation of the
butt joint. As such, the best results are obtained with large radii electrodes which focus the current
towards the center of the electrode (i.e., the region of the butt joint), but minimize the stresses
which promote separation of the aluminum butt joint.

Both 0.040 in (1.0 mm) and 0.080 in (2.0 mm) aluminum sheet (part) material was used.
The primary difference between these two gauges was that the process factor levels for the thicker
material were typically higher. With regard to weldability, both the materials showed the process
characteristics which have been previously discussed.

The steel cover sheets utilized were either 0.030 (0.75 mm) or 0.060 in (1.5 mm) thick.
Selection was based solely upon availability and therefore no correlations can be drawn between
the gauges of aluminum and the gauges of steel utilized. When comparing the two gauges of
steel, the process favors the thicker steel. This is primarily due to the thicker steel’s ability to
provide increased constraint. This increased constraint is beneficial when using electrodes with
tighter face radii and when running at higher travel speeds.

As noted, factors which promote bulk and reduce interface heating improve the conductive
heat resistance seam welding process. Unclean steel surfaces with rust, scale, and dirt, along with
the presence of aluminum oxide (on the part material to be joined) all increase interface heating.
As such, from a heat source aspect, they are unfavorable for producing consistent conductive heat.
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Another aspect of contaminants and oxides is the effect on weld formation. Contaminants
result in welds with poorer surface appearance and mechanical performance which is attributable
to the process of forming the joint. As formation involves a fusion process, all of the oxides and
contaminants which are present prior to melting, become entrapped in the weld upon re-
solidification.

Representative joints were evaluated using a standard tensile shear test. Table 1 present
the results from evaluating a single conductive heat resistance seam welding joint. The joint from
which the samples of Table 1 were taken was made using 0.080 in (2.0 mm) aluminum. The
process conditions included 100 in/min (254 cm/min) travel speed, 1050 Ibs (4670 N) weld force,
13.0 kA weld current, and a 5-on/0-off weld schedule. Examination of the test samples showed
failure occurred along the joint. Similar to electrode indentation with standard resistance seam
welding, the final joint geometry for the conductive heat resistance seam welding process shows a
reduction in thickness. Typically, this reduction was down to 85% of the parent sheet thickness.
Partial overlap of the sheet material to be joined or use of a filler material can be used to improve

the final joint geometry and mechanical performance.

Table 1

Sample Tensile Shear Mechanical Test Results

Sample Number Tensile Shear Stress

Base Material 31,850
Sample 1 18,653
Sample 2 18,615
Sample 3 11,746
Sample 4 20,423
Sample 5 16,620
Average of Samples 17,211

The conductive heat resistance seam welding process is also adaptable to a range of weld
configurations as shown in Figs. 4-8. Fig. 4 refers to a lap joint configuration. In this configuration,
the parts (sheets) 4a, 4b are lapped a distance substantially greater than the width of the weld zone
itself. Cover sheets 2, 6 are then provided on both the top and bottom surfaces and joined in the
manner described above for butt welds. In this case, melting extends from the cover sheets 2, 6,
lapping at the center and effecting the joint (weld). Parts (sheets) 4a, 4b can be of dissimilar
thickness with differences in cover sheet thicknesses effecting the proper heat balance. As shown
in Fig. 7, if the parts 4a, 4b are thick enough, it is also possible to accomplish joining from only one
side; that is, using only a single cover sheet 2. In this case, the melt zone extends only from a
single side effecting the joint as it crosses the bond line. A multiple sheet configuration is presented
in Fig. 5. In this case, two thinner sheets 4b, 4¢ are attached (in a butt configuration) to a thicker
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sheet 4a. This approach can be done in either butt or lap configurations. For this application, two
(top and bottom) cover sheets 2, 6 are used.

Another configuration, for joining tee sections, is shown in Fig. 6. For the tee configuration,
a single cover sheet 2 is used to create and constrain the molten pool on the base component part
4a. Various means of conducting current into the attached component part 4b such as a pair of
circular rolling electrodes 14a, 14b can be used to complete the electrical circuit. Melting occurs on
the back side of 4a and extends into the attached part 4b to effect the joint.

Fig. 8 shows a mash-type joint. In this case, the sheets (parts 4a, 4b) to be joined are
lapped slightly and mechanically pre-mashed to form an angled weld zone with very tight fit-up.
'mBBdmemcmmeﬂmmamamms@NWmmemmawwmemwwwmgJdM@Bdmema
manner consistent with the butt welds described previously.

Figs. 9-11 illustrate the application of a lateral compressive force 20, 20' to the weld zone
during the welding process, that is, during conductive heating and cooling of the weld zone 8c. As
can be seen, force 20, 20" is in the plane of parts 4a, 4b and produces an inwardly directed lateral
compressive force on weld zone 8c. Compressive force 20 can be produced in a variety of ways of
which a few illustrative examples are shown. This lateral compressive force is an active applied
force, that is, a force produced apart from the normal hydrostatic pressures produced as a result of
the conductive heating of the weld zone and the force of the electrodes 12, 14 on the resistively
heated sheet materials 2, 6 or the force of both electrodes on a supporting surface such as might
be used in the welding arrangement shown in Fig. 7. A typical lateral compressive force is in the
range of about 2 to about 150 M Pa. The upper figure is not limiting but it is to be realized that if the
lateral compressive force 20 exceeds the confining pressure of electrodes 12, 14 and covering
smamammZGJMannmmpmH%Mmea@mewwmmyuwmdmdwmwmd
from the weld zone 8c. Typically the tensile strength of a lap joint made with an applied
compressive force often has a tensile strength that is more than two times the tensile strength of a
weld made without a compressive lateral force. Such joints are non-porous and have ample joint
thickness and joint material. o

Although Fig. 9 illustrates a positive force 20, 20" being applied from both sides of the weld
zone, it is to be realized that one end of the part, e.g., 4b, can be placed against a stationary stop
such as 32 in Fig. 10 and the entire lateral compressive force applied to the other work piece, e.g.,
4a. In its basic form, force 20 can be applied in a pre-loaded form. Thus in Fig. 9 the distal ends of
4a and 4b can be placed in a screw clamp or similar vice-type or pre-loaded clamping device that
produces a resulting compressive force along the entire length of the weld zone (along 8a, 8b in
Fig. 1) prior to the conductive heating process. Alss shown in Fig. 9, a stream of liquid 38, typically
water, from nozzle 36 can be used to flood the weld-zone region about electrodes 12, 14 including
cover plates 2, 6 and parts 4a, 4b. While not necessary, flooding increases electrode life by
reducing the inherent sticking that occurs between cover sheets 2, 6 and electrodes 12, 14 and
improves the overall economics of the process. The weld appears to be of better quality in that the
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heat affected area of parts 4a, 4b is smaller in width and, because cooling of the molten weld zone
8¢ occurs more rapidly, the welding process can be conducted at a much higher rate.

In Fig. 10, a pneumatic device 40 comprises clamp 24 that secures an end of work piece
4a and in turn is attached to piston 26 of a pneumatic cylinder 28. Pressurized gas 30 is applied to
piston 26 resulting in a compressive lateral force being applied to weld zone 8c. As illustrated, a
stop block 32 is used to prevent motion of the distal end of 4b with the entire lateral compressive
force applied to the weld zone 8c by means of pneumatic piston 26. However, it is to be realized
that a second pneumatic device 40 can also be used with part 4b or even a different force applying
device could also be used..

Fig. 11 illustrates the use of cambered wheels 22a-d to produce a lateral compressive force
on weld zone 8c. As illustrated, the cambered wheels 22a, b and 22¢, d produce both a downward
and upward clamping force at the junction of the wheels 22a, b and 22 c, d with work pieces 4a and
4b, respectively, and an inner-directed lateral compressive force on weld zone 8c. Although
illustrated with four cambered wheels 22a-d, it is to be realized that only one wheel need be used.
Thus rather than using wheels, 22¢, d, a stop block 32 (Fig. 10) could be used and a platen (not
shown) could be used to replace wheel 22b with the entire compressive force generated by
cambered wheel 22a. Or a platen with an open center to accommodate cover plate 6 and
elecirode 14 could be used to replace cambered wheels 22b, 22d, with cambered wheels 22a, 22¢
producing the compressive lateral force in the weld zone 8c.

It is possible that changes in configurations to other than those shown could be used but
that which is shown if preferred and typical. Without departing from the spirit of this invention,
various other arrangements of parts to be welded, covers, electrodes, and lateral compressive
force application devices may be used. Itis therefore understood that although the present
invention has been specifically disclosed with the preferred embodiment and examples,
modifications to the design concerning sizing and shape will be apparent to those skilled in the art
and such modifications and variations are considered to be equivalent to and within the scope of

the disclosed invention.
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CLAIMS

We claim:
1. A welding arrangement comprising:
a) a first part;
b) a second part;
¢) a portion of said first part and a portion of said second part juxtaposed one to the next to form a
weld zone;
d) a first, resistively heated and electrically-conductive sheet material:

1) having a higher melting temperature than a melting temperature of said first part and a

melting temperature of said second part,

2) placed on a first side of said weld zone, and

3) conductively heating said weld zone to weld said first part and said second part together;
e) a first electrode placed in contact with said first sheet material;
f) a second electrode positioned and aligned with said first electrode to heat resistively said sheet
material with an electrical current with subsequent conductive heating of said weld zone to produce
sufficient heat to weld said first part and said second part together; and
g) a force producing device for applying a force to at least one of said first part and said second part
s0 as to produce a lateral compressive force at said weld zone during said conductive heating of

said weld zone.

2. The welding arrangement of claim 1 wherein said first part and said second part are of

substantially the same material composition.

3. The welding arrangement of claim 2 wherein said material composition is substantially an

aluminum composition.

4. The welding arrangement of claim 1 further comprising a second, resistively heated and
electrically-conductive sheet material with a higher melting temperature than said melting
temperature of said first part and said melting temperature of said second part and placed on a
second side of said weld zone between said weld zone and said second electrode.

5. The welding arrangement of claim 4 wherein said first sheet material and said second sheet

material are of the same material composition.

6. The welding arrangement of claim 5 wherein said same material composition is substantiaily a

steel composition.
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7. The welding arrangement of claim 1 wherein a first edge of said first part and a second edge of

said second part are juxtaposed to form a butt joint.

8. The welding arrangement of claim 1 wherein said first part and said second part are of different

thickness.
9. The welding arrangement of claim 1 wherein said force producing device is a pneumatic device.
10. The welding arrangement of claim 1 wherein said force producing device is a cambered wheel.

11. The welding arrangement of claim 1 wherein said force producing means is a pre-loaded force-

producing device.
12. The welding arrangement of claim 1 wherein said electrodes are rotating, circular electrodes.

13. A welding stack comprising:

a) a pair of roller electrodes;

b) a pair of resistively heated and electrically conducting sheets placed between said roller
electrodes;

c) a first part and a second part of which at least a portion of each is placed between said pair of
resistively heated sheets to form a weld zone with said weld zone located between said roller
electrodes so as to pass an electrical current therethrough to heat resistively said cover sheets with
subsequent conductive heating of said weld zone to weld said first part and said second part
together; and

d) a device for applying a lateral force to said weld zone by means of at least one of said first part
and said second part.

14. The welding stack of claim 13 wherein said portions of said first part and said second part are

positioned to form a butt joint.

15. The welding stack of claim 14 wherein said first part and said second part are of substantially
aluminum composition and said resistively heated sheets are of substantially steel composition.
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16. A welding method comprising:

a) providing a pair of electrodes;

b) placing a portion of a first part and a portion of a second part next to each other to form a
continuous-seam weld zone;

c) providing an electrically-conducting and resistively heated cover sheet between one of said
electrodes and said weld zone;

d) applying a compressive lateral force to said weld zone with a force application device;

e) resistively heating said cover sheet by passing a current between said electrodes;

f) conductively heating said first part and said second part in said weld zone to form a melt of said
first part and éaid second part in said weld zone;

f) constraining said melt in said weld zone with said electrically-conducting sheet while applying said
compressive lateral force;

and

h) cooling said constrained melt with said applied compressive lateral force to join said parts.

17. The method according to claim 16 wherein said resistively heated sheet is of substantially steel

composition and said first part and said second part are of substantially aluminum composition.

18. The method according to claim 16 wherein said electrodes of said pair of electrodes are rolling

electrodes.

19. The method according to claim 16 wherein said compressive force is applied to said melt in

said weld zone by means of at least one cambered wheel.

20. The method according to claim 16 wherein said compressive force is applied to said melt in

said weld zone by a pneumatic means.
21. The method according to claim 16 wherein said continuous-seam weld zone forms a butt joint.

22. The method according to claim 16 wherein said cooling of said constrained melt is carried out
by flooding a welding zone region with a liquid.
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