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(57) 
In a method of producing a material joint between a hollow 
section of Steel and a structural element of an aluminum 
material, hollow section is aligned in relation to the structural 
element in a coupling position. One end of the hollow section 
is placed upon a shoulder of the structural element, and the 
end of the hollow section is connected with the structural 
element by thermal joining, using inert gas shielded arc weld 
ing. A welding torch is hereby positioned at an angle of 20° to 
40° in relation to an axial direction in a welding position in 
relation to a joining seam to be realized, and the axial direc 
tion is oriented in parallel relationship to a longitudinal axis of 
the hollow section. 
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23 Claims, 5 Drawing Sheets 
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1. 

METHOD OF PRODUCING AMATERAL 
JOINT, AND HOLLOWSECTION 

CONNECTION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims the priority of German Patent 
Application, Serial No. 102010031890.6, filed Jul. 21, 2010, 
pursuant to 35 U.S.C. 119(a)-(d), the content of which is 
incorporated herein by reference in its entirety as if fully set 
forth herein. 

BACKGROUND OF THE INVENTION 

The present invention relates, in general, to a method of 
producing a material joint. 
The following discussion of related art is provided to assist 

the reader in understanding the advantages of the invention, 
and is not to be construed as an admission that this related art 
is prior art to this invention. 
The provision of steel-aluminum hybrid parts has a great 

potential to reduce weight and improves product properties in 
particular in the field of aviation and space travel as well as in 
the field of automotive engineering. Structural parts of steel 
and aluminum material are normally connected using non 
thermal joining processes, such as, e.g., riveting or bolting. 
The various structural parts are hereby connected by a formfit 
of the rivet or bolt. The strength of such a connection is 
however limited because of its point-like force transfer. In 
addition, the introduction of a rivet or a bolt is accompanied 
by a material removal that causes a weakening in the area of 
the coupling site. 

Another approach to connect hybrid parts of different 
materials involves the presence of an adhesive joint. An adhe 
sive joint oftentimes is however inadequate to attain the nec 
essary accuracy of production or service life. Also the mag 
nitude of forces that can be transmitted by an adhesive joint is 
greatly restricted. Thus, cold joining processes like for 
example riveting or bonding are unable to attain the required 
stability. 
The application of welding has also been known to connect 

steel alloys and aluminum alloys by a material joint. Despite 
the widely varying melting points of both types of alloy, 
welding has been used to realize the material joint. An 
example of a welding process includes solder-welding. The 
component of aluminum alloy is hereby melted and con 
nected to the component of steel by material joint. The steel 
component is coated so as to cross-link the weld material with 
the coating. As a result, the aluminum component undergoes 
a welding process and the Steel component undergoes a sol 
dering process. Joints realized by Solder-welding result how 
ever only in a limited strength. 

It would be desirable and advantageous to provide an 
improved method of producing a material joint to obviate 
prior art shortcomings. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, a method 
of producing a material joint between a hollow section of steel 
and a structural element of an aluminum material includes the 
steps of aligning the hollow section in relation to the struc 
tural element in a coupling position, placing one end of the 
hollow section upon a shoulder of the structural element, and 
thermal joining of the end of the hollow section with the 
structural element using inert gas shielded arc welding by 
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2 
positioning a welding torch at an angle of 20° to 40° in 
relation to an axial direction in a welding position in relation 
to a joining seam to be realized and orienting the axial direc 
tion in parallel relationship to a longitudinal axis of the hol 
low section. 
The present invention resolves prior art problems by pro 

viding a material joint between a steel component and an 
aluminum component in the absence of any additional coat 
ing processes, in particular for the Steel component. The inert 
gas shielded arc welding may be executed as a continuous 
welding process or also in several stages. It is for example also 
conceivable to carry out the welding process with several 
welding layers. By positioning the welding torch in the weld 
ing position in accordance with the present invention, the 
horizontal welding of butt welds and/or fillet welds in a weld 
pool position is implemented. Arranging the welding torch at 
an angle of 20° to 40° in relation to the longitudinal axis of the 
components being connected relative to a joining seam to be 
produced results in a most beneficial heat introduction so that 
the hybrid connection realizes a material joint without cum 
berSome coating processes of the steel component, thus sav 
ing costs while at the same tine increasing production accu 
racy. This is true especially in the case of Zinc coatings which 
are normally applied for steel components and require further 
protective measures for workers in the form of Suction plants 
and Splash guards at production sites. 

According to another advantageous feature of the present 
invention, the inert gas may include as constituents argon and 
helium. Currently preferred is a composition of 70 wt-% of 
argon and 30 wt-% of helium. The provision of such an inert 
gas composition has a positive effect on the material joint 
being produced because the melting aluminum welding mate 
rial is hindered from igniting and/or splashing, again resulting 
in a most beneficial heat introduction especially into the steel 
component. Overall, a joining Zone is realized that has little 
trapped air and a reliable weld seam. 

According to another advantageous feature of the present 
invention, the welding torch can be fixed while the hollow 
section and the structural element can move in relation to the 
welding torch. Advantageously, a piercing advance of weld 
ing wire is carried out. Using a stationary welding torch 
results in a reliable high-quality joining seam. As a result of 
the fixed welding torch and a welding Zone that is movable 
relative thereto during the production process, the production 
accuracy is enhanced and positively affects the welded con 
nection to be produced. The application of piercing welding, 
i.e. the torch tracks the arc, is advantageous, with a piercing 
effected in the joining Zone. This also positively affects heat 
introduction by the torch into the joining Zone to be produced. 

According to another advantageous feature of the present 
invention, the welding torch can be aligned radially outwards 
at an angle of 20° to 50° relative to the longitudinal axis of the 
joining seam to be realized, in addition to the positioning of 
the welding torch in the welding positionatan angle of 20° to 
40° in relation to the longitudinal axis in advance direction of 
the welding torch. As a result, the welding torch is positioned 
at an angle of 20° to 40° relative to the welding direction and 
thus in tangential direction, and at an angle of 20° to 50° 
orthogonal to the welding direction outwards and thus in 
radial direction. 

According to another advantageous feature of the present 
invention, the inert gas shielded arc welding can be executed 
at a weld speed between 9 and 16mm/s. The weld speed is the 
speed with which the welding torch can be moved across the 
joining Zone to be produced or, in accordance with the present 
invention the speed with which the joining Zone can be moved 
in relation to the welding torch. Advantageously, the thermal 
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joining step may include the addition of a weld metal at a wire 
advance speed in a range between 7 and 10 m/min. This is 
applicable in particular when the wire diameter ranges 
between 1 and 1.6 mm, especially 1.2 mm. Advantageously, 
the weld metal may be made of an aluminum alloy. 

According to another advantageous feature of the present 
invention, the thermal joining step may involve a pulsed MIG 
(metal inert gas) welding process. 

According to another advantageous feature of the present 
invention, the thermal joining step results in a material joint 
between the structural element and the hollow section, and is 
supplemented by a formfit. The formfit is produced by the 
added weld material or weld metal between the structural 
element and the hollow section. The strength of the material 
joint is therefore further increased by the formfit. 

According to another advantageous feature of the present 
invention, the structural element of aluminum can be config 
ured as a cast body or milled body, with the structural element 
being machined before being pressed in a reception Zone for 
the hollow section. This results in a precise fit of the hollow 
section being pressed onto the structural element of alumi 
num. In addition, manufacturing tolerances can be mini 
mized. 

According to another advantageous feature of the present 
invention, the structural element of aluminum may include a 
receivingpin onto which the hollow section can be pressed to 
thereby provide a press-fit between the receiving pin of the 
structural element and the hollow section and an interference 
fit between these two components. This interference fit 
complements the material joint, and in the presence of an 
additional formfit complements the combined connection 
between the components by material joint and formfit. This 
further enhances the strength of the hybrid connection. 

According to another advantageous feature of the present 
invention, the receiving pin may have a beveled free end at a 
chamferangle in a range between 20° and 60°, and a reception 
Zone at a length between 8 mm and 60 mm along which the 
hollow section is pressed onto the receivingpin. The presence 
of the bevel enables a particularly simple joining of the two 
components by centering the hollow section at the start of the 
pressing process through the bevel so that the hollow section 
can easily be pressed upon the receiving pin in the initial 
region. 
By selecting the length and shape of the receiving pin, the 

strength of the interference fit can be influenced by increasing 
the length of the receiving pin to create a strong interference 
fit. The bevel may also be defined by a radius or configured in 
the form of a cup or tulip-like shape. 

According to another advantageous feature of the present 
invention, the structural element can have a depression in the 
shape of a trough to extendabout the receiving pin for receiv 
ing a formed region of the hollow section, with the depression 
having a curvature on both sides of a bottom Zone. Currently 
preferred is a radius of the curvature between 1 and 18 mm. 
The presence of the trough-shaped depression in combination 
with a formed region of the hollow profile allows a joining of 
both components by formfit as well a material joint using 
welding. The trough-shaped depression is hereby used for 
receiving the weld material on the outer side and for receiving 
the formed region of the hollow section on the inner side in 
relation to the receiving pin. Weld material which is con 
nected on the outer side by a material joint with the structural 
element thus forms an undercut for the formed region of the 
hollow section. This results in the formfitting connection 
which leads to a particularly high strength against static and 
dynamic tensile load, bending load and torsional load. 
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4 
According to another advantageous feature of the present 

invention, the trough-shaped depression can be delimited by 
the receiving pin on an inner side and by a receiving bead on 
an outer side. Suitably, the receiving bead is defined by a 
height between 3 mm and 10 mm and extends on the side 
proximal to the receiving pin at an angle in relation to the 
longitudinal axis of the receiving pin. Currently preferred is 
an angle between 20° and 60°. The afore-described properties 
of the receiving bead provide optimal properties to receive 
weld material and weld metal, when thermal joining is 
involved. 

According to another advantageous feature of the present 
invention, the hollow section may be formed and/or cali 
brated before being pressed with the end upon the receiving 
pin. Forming involves advantageously a widening of the end 
to be pressed to form a collar. The hollow section may have a 
wide range of cross sections in the joining Zone. Currently 
preferred is a round configuration of the hollow section, 
although non-circular configurations such as elliptic or 
angled cross sections may, of course, also be possible. Form 
ing thus can be best suited to the respective type of hollow 
section. The type of hollow section is determinative for a 
calibration and orientation of the hollow section upon the 
structural element by having the inner contour of the hollow 
section in combination with the receivingpin align the hollow 
section and the structural element relative to one another. The 
hollow section and the receiving pin may be configured tet 
ragonal or polygonal. 

According to another advantageous feature of the present 
invention, the end of the hollow section may have an inner 
side which is defined by a radius in correspondence with a 
radius of trough-shaped depression on the inner side. Thus, 
there is no gap between the structural element and the hollow 
section as a result of the press-fit between the hollow section 
and the structural element. As a result, ambient air is pre 
vented from migrating into the melt during thermal joining 
and thus is prevented from adversely affecting the welding 
outcome. Also prevented is ingress of moisture from ambient 
air into the realized press-fit so that no crevice corrosion can 
occur. Overall, strength and service life of the produced joint 
is enhanced. 
The hollow section may also be attached to the receiving 

pin by compressive deformation. In this way, no mechanical 
after-finishing of the hollow section ends is necessary. 

According to another advantageous feature of the present 
invention, the outer side of the hollow section at the formed 
end of the hollow section can be deburred. During thermal 
joining, the deburred end minimizes the presence of a gap 
between hollow section and structural part. This also leads to 
an improvement of the strength and life of the realized con 
nection. 

According to another advantageous feature of the present 
invention, the thermal joining step may be carried out in one 
layer or in several layers. By using a multilayered approach of 
the joining process, it is possible to best Suit the demands of 
the joint. The strength is increased and the thermal influence 
in the welding Zone is slight. When multilayered welding is 
involved, there is no need to use much weld material in one 
step. The weld metal may be applied in several layers. Advan 
tageously, mechanical, physical and/or chemical cleaning of 
the weld seam may be applied during application of indi 
vidual layers. Such a cleaning can be realized for example by 
dry ice blasting. The cleaned weld seam enhances the joint 
and improves the welding outcome for the weld seam to be 
Subsequently applied, when compared to untreated weld 
SCall. 
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According to another aspect of the present invention, a 
hollow section is connected to a structural element of an 
aluminum material, with the hollow section being made of 
steel and having an end pressed onto the structural element 
and connected to the structural element by thermal joining to 
realize a material joint and an interference fit. The hollow 
section is pressed onto the structural element and additionally 
thermally joined therewith. This connection may be supple 
mented by a formfit depending on the involved geometry. 

BRIEF DESCRIPTION OF THE DRAWING 

Other features and advantages of the present invention will 
be more readily apparent upon reading the following descrip 
tion of currently preferred exemplified embodiments of the 
invention with reference to the accompanying drawing, in 
which: 

FIG. 1 is a cross sectional view of one embodiment of a 
hybrid part produced in accordance with a method according 
to the present invention; 

FIG. 2 is a cross sectional view of another embodiment of 
a hybrid part produced in accordance with a method accord 
ing to the present invention; 

FIG. 3 is a detailed view of a hybrid part produced in 
accordance with a method according to the present invention 
and having two welding layers; 

FIG. 4 is a schematic illustration of a welding torch in an 
angular disposition relative to a joining seam to be realized; 

FIG. 5 is a schematic illustration of a welding torch in a 
welding position according to the present invention; 

FIG. 6 is a schematic illustration of a welding torch in the 
welding position and piercing welding motion; and 

FIG. 7 is a cross sectional view of a variation of the hybrid 
part of FIG. 2. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Throughout all the figures, same or corresponding ele 
ments may generally be indicated by same reference numer 
als. These depicted embodiments are to be understood as 
illustrative of the invention and not as limiting in any way. It 
should also be understood that the figures are not necessarily 
to scale and that the embodiments are sometimes illustrated 
by graphic symbols, phantom lines, diagrammatic represen 
tations and fragmentary views. In certain instances, details 
which are not necessary for an understanding of the present 
invention or which render other details difficult to perceive 
may have been omitted. 

Turning now to the drawing, and in particular to FIG. 1, 
there is shown a cross sectional view of one embodiment of a 
hybrid part generally designated by reference numeral 1 and 
produced in accordance with a method according to the 
present invention. The hybrid part 1 includes a hollow section 
2 of steel and a structural element 3 of an aluminum alloy. The 
hollow section 2 has one end 4 which faces the structural 
element 3 and is configured straight and which is placed upon 
a tubular frustum-shaped shoulder 5 of the structural element 
3. A press-fit 6 may also be provided between the tubular 
frustum-shaped shoulder 5 and the end 4 of the hollow struc 
tural element 2. The structural element 3 can be configured as 
cast aluminum body or milled aluminum body, with the struc 
tural element 3 being machined before being pressed in a 
reception Zone 22 for the hollow section 2. 
A material joint is provided between the end 4 of the hollow 

section 2 and the structural element 3 and implemented in a 
joining Zone by a joining seam 7, weld metal, and a welding 
torch not shown here. 
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6 
FIG.2 shows a cross sectional view of another embodiment 

of hybrid part 1 produced in accordance with a method 
according to the present invention. Parts corresponding with 
those in FIG. 1 are denoted by identical reference numerals 
and not explained again. The hollow section 2 and the struc 
tural element 3 of the hybrid part 1 are also connected to one 
another by a material joint. In this embodiment, the hollow 
section 2 has an end 4 which however is widened and is bent 
outwards to form a collar 9. The joining seam 7 thus forms a 
material joint in the joining Zone 8 between structural element 
3 and hollow section 2 and in addition a formfitting connec 
tion to realize enhanced tensile and compressive strengths in 
an axial direction 10. 

FIG. 3 shows a detailed view of a material joint in accor 
dance with the present invention. The material joint is pro 
vided between the structural element 3 and the end 4 of the 
hollow section 2, with the end 4 of the hollow section 2, 
shown here also widened, and also coupled in a joining Zone 
8 with the structural element 3 via the joining seam 7. Weld 
ing is implemented here in at least two stages. A first welding 
stage provides a first layer 11, and a second welding stage 
provides a second layer 12. As a result, there are two Zones 13 
of different strength properties and different microstructures 
(not shown). 
The structural element 3 has a receiving pin 16 onto which 

the hollow section 2 is pressed onto to thereby provide an 
interference fit between the structural element 3 and the hol 
low section 2. A depression 17 in the shape of a trough is 
formed by the support element 3 to extendabout the receiving 
pin 16 for receiving a formed region of the hollow section 2. 
with the depression 17 having a curvature on both sides of a 
bottom Zone. The curvature of the depression 17 has a radius 
between 1 and 18 mm. As shown in FIG.3, the depression 17 
is delimited by the receiving pin 16 on an inner side and on an 
outer side by a receiving bead 18 of the support element3. The 
receiving bead 18 is hereby defined by a height between 3 mm 
and 10 mm and extends at a side facing the receivingpin 16 at 
an angle between 20° and 60° to a longitudinal axis of the 
receiving pin 16. 
As shown in particular in FIG. 7, the receiving pin 16 has a 

beveled free end at a chamfer angley in the range between 20° 
and 60°. The reception Zone 22 has a length between 8 mm 
and 60 mm. reference numerals 19, 20, 21 designate various 
bevels of the support element 3. 

FIG. 4 shows hybrid part 1 according to the invention 
during manufacture thereof. The joining seam 7 between the 
hollow section 2 and the structural element 3 is provided by a 
welding torch 14. The welding torch 14 is arranged at an angle 
C. between 20° and 50° in relation to the longitudinal axis 15 
of the hollow section 2. 

FIG. 5 shows hybrid part 1 according to the invention 
during manufacture in accordance with the present invention. 
The hollow section 2 is again arranged above the structural 
element 3. The welding movement is implemented in the 
welding position PA in a piercing manner in the joining Zone 
8 for making the joining seam 7. In other words, the welding 
torch 14 is moved in a piercing manner in relation to the 
joining seam 7 to be realized. The welding torch 14 is also 
moved in welding direction SR, with the joining seam 7 being 
realized behind the welding torch 14. 

FIG. 6 shows hybrid part 1 according to the invention 
during manufacture thereof. As Sown in a greatly simplified 
manner, the welding torch 14 produces a joining seam 7 
around the hollow section 2 and the structural element 3. The 
welding torch 14 orbits hereby in welding direction SR about 
the joining Zone 8 and assumes an angular positionatanangle 
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f between 20° and 40° in relation to the longitudinal axis 15 
during welding movement in a piercing manner. 

While the invention has been illustrated and described in 
connection with currently preferred embodiments shown and 
described in detail, it is not intended to be limited to the details 
shown since various modifications and structural changes 
may be made without departing in any way from the spirit and 
scope of the present invention. The embodiments were cho 
sen and described in order to explain the principles of the 
invention and practical application to thereby enable a person 
skilled in the art to best utilize the invention and various 
embodiments with various modifications as are suited to the 
particular use contemplated. 

What is claimed as new and desired to be protected by 
Letters Patent is set forth in the appended claims and includes 
equivalents of the elements recited therein: 

1. A method of producing a material joint between a hollow 
Section of steel and a structural element of an aluminum 
material different from the steel, said method comprising the 
steps of: 

aligning the hollow steel section in relation to the structural 
element of aluminum material in a coupling position; 

placing one end of the hollow steel section upon a shoulder 
of the structural element; and 

thermal joining of the end of the hollow steel section with 
the structural element using inert gas shielded arc weld 
ing by positioning a welding torch intangential direction 
to a circumference of the hollow steel section at an angle 
of 20° to 40° to a longitudinal axis of the hollow steel 
Section and orienting the welding torch radially out 
Wards at an angle of 20° to 50° relative to the longitudi 
nal axis of the steel hollow section, thereby producing a 
material joint sufficient to join the hollow steel section 
with the structural element of aluminum material. 

2. The method of claim 1, wherein the inert gas includes 
argon and helium as constituents. 

3. The method of claim 1, wherein the welding torch is 
fixed, and the hollow section and the structural element move 
in relation to the welding torch. 

4. The method of claim 1, wherein the inert gas shielded arc 
welding is executed at a weld speed between 9 and 16mm/s. 

5. The method of claim 1, wherein the thermal joining step 
includes adding weld metal at a wire advance speed between 
7 and 10 m/min. 

6. The method of claim 1, further comprising providing in 
addition to the thermal joining step a formfit between the 
structural element and the hollow section, with the joining 
Seam engaging behind the end of the hollow section. 

7. The method of claim 1, wherein the thermal joining step 
is executed with a pulsed MIG (metal inert gas) welding 
process. 
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8. The method of claim 1, wherein the structural element is 

configured as cast aluminum body or milled aluminum body, 
with the structural element being machined before being 
pressed in a reception zone for the hollow section. 

9. The method of claim 1, further comprising pressing the 
hollow section onto a receiving pin of the structural element 
to thereby provide an interference fit between the structural 
element and the hollow section. 

10. The method of claim 1, wherein the thermal joining 
step is executed in several layers, further comprising 
mechanical, physical and/or chemical cleaning between 
application of individual layers during the thermal joining 
step. 

11. The method of claim 2, wherein the inert gas includes 
70 wt-% of argon and 30 wt-% of helium. 

12. The method of claim 5, wherein the weld metal 
includes aluminum. 

13. The method of claim 9, wherein the receiving pin has a 
beveled free end and a reception zone at a length between 8 
mm and 60 mm. 

14. The method of claim 9, wherein the structural element 
has a depression in the shape of a trough to extend about the 
receiving pin for receiving a formed region of the hollow 
section, with the depression having a curvature on both sides 
of a bottom Zone. 

15. The method of claim 9, wherein the hollow section is 
formed and/or calibrated before being pressed with the end 
upon the receiving pin. 

16. The method of claim 13, wherein the free end of the 
receiving pin is beveled at an chamfer angle ranging between 
20° and 60°. 

17. The method of claim 14, wherein the curvature of the 
depression has a radius between 1 and 18 mm. 

18. The method of claim 14, wherein the depression is 
delimited by the receiving pin on an inner side and by a 
receiving bead on an outer side. 

19. The method of claim 18, wherein the receiving bead is 
defined by a height between 3 mm and 10 mm. 

20. The method of claim 18, wherein the receiving bead 
extends at a side facing the receiving pin at an angle to a 
longitudinal axis of the receiving pin. 

21. The method of claim 20, wherein the angle of the 
receiving bead in relation to the receiving pin ranges between 
20° and 60°. 

22. The method of claim 15, wherein the end has an inner 
side defined by a radius which corresponds to a radius of a 
bottom Zone on the inner side of a through-shaped depression 
of the structural element. 

23. The method of claim 15, further comprising debarring 
an outer side of the hollow section at the end of the hollow 
section. 


