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(57) ABSTRACT 
A method is provided for electrically conductively connect 
ing a contact part on the basis of copper to an electrical 
conductor composed of a plurality of individual wires con 
taining aluminum. A cup-shaped contact part which has a 
bottom and a cylindrical sleeve, which is integrally connected 
to the bottom and protrudes from the bottom, is pushed with 
tight contact of the sleeve against the conductor to such an 
extent until the end face of the conductor rests against the 
bottom of the contact part. Consequently, at least one rotating 
tool (6) is applied with Sustained pressure, until due to 
increased temperature of the conductor, the conductor is soft 
ened to Such an extent that it integrally connects with the 
contact part. The wall of the contact part is not broken through 
by the tool. Finally, the tool is removed from the contact part. 
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METHOD FOR ELECTRICALLY 
CONDUCTIVELY CONNECTING A CONTACT 
PIECE TO AN ELECTRICAL CONDUCTOR, 
AND CORRESPONDING ARRANGEMENT 

RELATED APPLICATION 

0001. This application claims the benefit of priority from 
European Patent Application Nos. 12306 457.8, filed on Nov. 
23, 2012 and 13 1823.07.2, filedon Aug. 30, 2013, the entirety 
of which are incorporated by reference. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The invention relates to a method for electrically 
conductively connecting a contact piece on the basis of cop 
per to an electrical conductor consisting of a plurality of 
individual wires of aluminum, as well as a corresponding 
arrangement. 
0004 2. Description of Prior Art 
0005. The contact piece on the basis of copper consists 
either of copper or of a copper alloy. Additionally, it may have 
on its outer Surface a layer of for example, tin, Zinc or nickel 
which are for example, precipitated galvanically. In the fol 
lowing, the contact piece is referred to only as "contact piece' 
without material identification. The individual wires of the 
conductor are either of aluminum oran aluminum alloy. In the 
following, only the material "aluminum' is taken into con 
sideration. 
0006 Conductors of aluminum are increasingly used 
especially as replacement for copper conductors for reasons 
of weight and cost. Principal fields of use of such conductors 
are, for example, automobile and airplane technology. The 
lower electrical conductivity of the aluminum as compared to 
copper does not play a role for most applications. However, 
problems occur when placing contact parts on the conductors 
because aluminum conductors are Surrounded by an electri 
cally very poorly conducting oxide layer. This deficiency 
becomes apparent in the case of conductors which are com 
posed of a plurality of individual wires, also called stranded 
conductors, each of which is Surrounded by an oxide layer 
which cannot be avoided without special treatment. This 
problem has been known for a long time and is described in 
numerous documents, wherein the following four references 
shall be mentioned. 
0007 DE 102 23397 B4 discloses a method by means of 
which a contact element is electrically mounted on a stranded 
conductor of aluminum wires. For this purpose, a metal 
sleeve which is covered on the inner side with tin is pushed 
onto the end of the stranded conductor. The individual wires 
are then galvanized or welded at their end faces and with the 
sleeve by means of ultrasound or protective gas welding. The 
oxide layers which surround the individual layers are to be 
broken open in this process. This results in a cover like tinning 
or welding at the end of the stranded conductor. Finally, the 
contact element is pushed on and pressed together with the 
end of the stranded conductor. The cover-like tinning or weld 
ing is not included in the pressing procedure. 
0008 DE 103 46 160 B3 describes a method for contact 
ing an aluminum conductor constructed as a stranded con 
ductor in which a contact clamp, which is coated with tin on 
the inner side and composed of copper, is pushed onto the end 
of a stranded conductor consisting of aluminum. The tubular 
contact clamp is coated with tin at the end face of the alumi 
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num conductor by means of ultrasound tinning together with 
the same, or is welded metal against metal by means of a 
known welding method. 
0009. In the method according to DE 103 57 048 A1, a 
Supply of contacting agent is applied to the end of an existing 
Stranded conductor and is heated at least up to the range of its 
melting temperature. In so doing, through the contacting 
agent for forming an electrical contact, a material connection 
is to be obtained between the stranded conductor and a cup 
shaped contact element which is simultaneously or Subse 
quently pushed onto the Stranded conductor. For applying the 
contacting agent, the Stranded conductor can be clipped into 
a tin bath, thereby a portion of the stranded conductor can be 
severed or cut for forming a fresh cutting or severing Surface 
in the tin bath. The contact element is pressed around the 
Stranded conductor with decreasing effect of the tension. 
0010 DE 10 2011 018 353 A1 describes a method for 
connecting a contact part with a stranded conductor consist 
ing of aluminum. A Support sleeve is mounted on the Stranded 
conductor at its end and is pressed together with the same. 
Subsequently, a rotationally symmetrical contact part is 
welded to the end face of the stranded conductor, for example, 
by means of rotational friction welding. In this method, an 
inter-metal is formed between the contact part and the 
Stranded conductor. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

0011. The invention is based on the object of indicating a 
method for connecting a contact part to an aluminum conduc 
tor consisting of individual aluminum wires, through which 
an effective electrically conductive connection between the 
entire cross section and the contact part can be achieved. 
0012. In accordance with the invention, this object is met 
by the totality of the following features: 
0013. A contact part on the basis of copper is electrically 
conductively connected to an electrical conductor containing 
aluminum, in which a contact part is used which contains a 
bottom and a cylindrical sleeve integrally connected to the 
bottom and from the sleeve, which, when tightly resting 
against the sleeve, can be pushed onto the conductor to Such 
an extent that the end face of the conductor rests on the floor 
of the contact part by means of which Subsequently at least 
one rotating tool is placed with Sustained pressure at least in 
the area of the floor until, due to increased temperature caused 
by friction the material of the conductor is increased to such 
an extent that it is integrally connected with the contact part or 
is welded to the contact part by diffusion, wherein the wall, of 
the contact part is not broken through the tool, and by which, 
Subsequently, the tool is removed from the contact part. 
0014 When using this method, the conductor is also at its 
ends initially freed of possibly present layers, particularly of 
an insulation Surrounding the layer. The contact part is slid, 
particularly by an insulation Surrounding the same, onto the 
end of the conductor exposed in this manner. The contact part 
is pushed onto the conductor until its end face rests against the 
bottom of the contact part. Additional materials such as tin or 
fastening elements are not used. Subsequently, the tool can be 
pressed at least against the bottom of the contact part and the 
contact part is also pressed against the tool. 
0015. When placing the tool against the contact part, the 
latter is advantageously already placed in rotation. However, 
it can also be placed in rotation only after placement of the 
contact part. When the method is carried out, the tool rotates 
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with a sufficiently high rate of rotation so that as a conse 
quence of the high temperature produced by the friction, the 
aluminum of the conductor changes into a doughy state. The 
material of the contact part is in this procedure also heated, it 
can only be done to such an extent that the wall of the contact 
part is pressed in the direction of the conductor. A penetration 
of the wall of the contact part does not take place. When the 
desired temperature is reached, the aluminum of the conduc 
tor is already softened to Such an extent that it can integrally 
connect with the contact part or by diffusion to the contact 
part. This is achieved by the increased temperature and the 
pressure exerted from the tool onto the contact part. Any 
oxide layers present in the conductor are broken up, so that the 
electrically conductive connection between conductor and 
contact part is not impaired. The tool can then be removed 
from the contact part. 
0016 Advantageously, the tool is also additionally or 
exclusively used at the circumferential surface of the sleeve. 
The tool can be inserted, for example, at three locations which 
are offset by 120° in the circumferential direction; however, it 
can also be pressed against the sleeve in more than three 
different. positions. It is also possible to use two or more tools 
simultaneously. 
0017. In all embodiments of the method, it at least makes 
sense to “hold the contact element until it cannot be rotated 
on the conductor. For this purpose, the contact part can be 
pressed to the conductor. However, it is also possible to fix the 
contact part in a holding device. 
0018. In accordance with another embodiment of the 
method, it is also possible to rotate the contact part with the 
conductor Surrounding it about the axis thereof, at an angle of 
at most 360° when a rotating tool rests against its circumfer 
ential Surface under pressure. 
0019. In accordance with another embodiment of the 
method, a tool can be used which is adjustable in relation to 
the axis of the conductor in the radial direction, and which 
rotates around the contact part. The tool is pressed into the 
contact part in the radial direction. As a result, it produces a 
circumferential groove in the contact part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The method according to the invention will be 
explained below with the aid of embodiments. 
0021. In the drawing: 
0022 FIG. 1 shows a cup-like contact part and the end of 
an electrical conductor composed of individual wires, illus 
trated separately from each other. 
0023 FIG. 2 shows the end of the conductor surrounded 
by the contact part of FIG. 1, together with the schematically 
illustrated tool. 
0024 FIG.3 shows the conductor end with a tool penetrat 
ing the contact part. 
0025 FIGS. 4 and 5 show embodiments of the conductor 
end deviating from FIG. 3. 
0026 FIG. 6 shows the end of a tool usable in the method. 
0027 FIGS. 7 to 9 show different embodiments modified 
as compared to FIG. 6. 

DETAILED DESCRIPTION 

0028. The method according to the invention is a welding 
method, wherein the increased temperature required for 
welding is produced by friction. The method can also be 
called “friction stir welding and has the effect that the alu 
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minum of the conductor integrally connects with the copper 
of the contact part at a temperature that is lower than the 
welding temperature, caused also by the pressure applied by 
the tool and the deformation work applied as a result. Conse 
quently, the tool applied in this manner has correspondingly a 
friction Surface by means of which it can be pressed against 
the contact part with Sustained pressure, or is pressed into the 
wall of the contact part. The friction surface must be con 
structed in Such a way that the wall of the contact part is not 
damaged during operation of the tool and in particular does 
not break through. A protrusion can protrude from the end 
face of the tool which serves as the friction surface, wherein 
the protrusion can be arranged symmetrically or asymmetri 
cally relative to the axis of rotation of the tool. 
0029. In the following description, in the embodiment of 
the tool with the protrusion, only one symmetrically arranged 
protrusion is taken into consideration. Such a tool is also 
illustrated in the drawings. However, the tool can also be 
arranged without protrusion. It is placed against the contact 
part at the beginning of the process and is continuously 
moved during its rotation in the direction toward the contact 
part, so that it continuously rests under pressure against the 
contact part. As already mentioned in a preferred embodi 
ment, it may already have been placed in rotation prior to the 
contact with the contact part. 
0030. In FIG. 1 a sectional view through a contact part K 
and the end of a conductor are illustrated. The contact part K 
is composed of copper or a copper alloy. In the following it 
will only be referred to as “contact part.” The conductor 
consists of a plurality of individual wires of aluminum or of 
an aluminum alloy. It is in the following merely called “con 
ductor.” 
0031. The contact part K is constructed cup-shaped. It has 
a bottom 1 and a single piece cylindrical sleeve 2 connected 
thereto and protruding from the bottom. The contact part K 
may be equipped with a connection element 3 for providing 
for downstream conductors. The connecting element 3 can, as 
illustrated in the drawing, protrude in the radial direction 
from the contact part K. However, it may also be arranged so 
as to extend in the axial direction past the contact part. The 
conductor 4 consists of a plurality of individual wires which, 
for example, have already been Stranded together. It is Sur 
rounded by an insulation 5 which is removed at the end of the 
conductor 4. So that the individual wires are exposed. 
0032 For carrying out the method, the contact part K is 
pushed onto the conductor 4 until its end face rests against the 
bottom I of the contact part K, in accordance with FIG. 2. The 
sleeve 2 of the contact part K is dimensioned in Such a way 
that it rests tightly against the conductor 4 and tightly contacts 
the same. A tool 6 is then placed against the contact part K 
which is constructed with a pin-like protrusion 7. The tool 6 
preferably is of steel. It must be in all cases harder than the 
material of the contact part K. Possible shapes of the tool 6 are 
explained in connection with FIGS. 7 to 9. By turning the tool 
6 about its axis A, the bottom 1 of the contact part K is heated 
through friction. In order to exclude a rotation of the contact 
part K on the conductor 4 while the method is being carried 
out, the contact part K is pressed together with the conductor 
4, or is held in position by the holding device which acts from 
outside. 
0033. When carrying out the method, for example, by 
means of an electrical motor, the tool 6 is rotated about its axis 
A and is subsequently moved in the direction of the arrow P. 
It is Subsequently pressed with Sustained pressure against the 
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bottom 1 of the contact part K, so that the material thereof is 
heated by friction. This heating is transferred from the contact 
part K to the conductor 4 which rests with its end face on the 
bottom 1. The method is carried out at a sufficient rate of 
rotation of the tool 6 until the material of the conductor 4 has 
changed over into a doughy state, so that it integrally connects 
to the contact part K or is welded thereto by diffusion. The 
appropriate temperature is below 500° C., i.e. relatively well 
below the melting temperature of aluminum which is about 
658 C. 

0034. When carrying out the method, the rate of rotation of 
the tool 6 is, for example, 3,000 rotations perminute. The tool 
6 is pressed, for example, with a feed of 150 mm per minute 
against the contact part Kand is moved on average about 0.15 
mm. The duration of the method advantageously is between 
0.5 and 5.0 seconds. 

0035. The material of the bottom 1 of the contact part Kis 
plasticized and deformed at the indicated temperature. There 
fore, the bottom 1 of the contact part K is pressed by the tool 
6 and particularly the projection 7 without breaking its wall 
into the conductor 4, as it is illustrated schematically in FIG. 
3. As a result, it receives a dent located in the conductor 4 with 
an increased Surface area as compared to the planar bottom, 
and correspondingly increased contact surface as compared 
to conductor 4. During the time the above described method 
is carried out, the contact part K can be held in position by 
means of a holding device which acts from the outside, as 
only schematically illustrated in FIG. 3. It particularly pre 
vents a rotation of the contact part K on the conductor 4. 
0036. The contact part K can also or additionally be pro 
cessed in the area of its sleeve 2 by means of a tool 6 in the 
described sense. For this purpose, the tool 6 according to FIG. 
4, is placed against the sleeve 2 in the radial direction. Also, at 
the appropriate location, the temperature is raised by friction 
between the tool 6 and the sleeve 2 to such an extent until the 
above described connection or welding between sleeve 2 and 
conductor 4 is achieved. Advantageously, the sleeve 2 is pro 
cessed in the above described sense at three locations which 
are offset in the circumferential direction by 120°. However, 
it may also be more than three sides which are randomly 
distributed over the circumferential surface of the sleeve 2. In 
particular in this embodiment of the method, it is also possible 
to use two or more tools simultaneously with a construction 
intended, for example, for the tool 6. 
0037. In a further embodiment of the method, the conduc 
tor 4 can also be rotated with a contact part Kattached fixedly 
and non-rotatably thereto. Also, below the tool 6 with protru 
sion 7 the conductor 4 can be rotated about its axis B, namely 
in accordance with the schematic illustration in FIG. 5. The 
rotation of the conductor 4 takes place advantageously about 
at most 360°, for example, with continuously changing direc 
tion of rotation. This results then finally in the sleeve 2 of the 
contact part K in a circumferential groove 9 extending in the 
circumferential direction with metallurgical fixedly con 
nected material of the conductor 4. In this sense, two or more 
parallel grooves can be produced in the sleeve 2. 
0038 A possible embodiment of the tool 6 can be seen in 
FIG. 6. It has a preferably cylindrical bolt 10 with a circular 
cross section and a planar end face 11 extending perpendicu 
larly to its axis A. The bolt 10 could also have a polygonal 
cross section. The end face 11 is the friction surface of the tool 
6 resting against the contact part K. 
0039. In accordance with FIGS. 7 to 9, the bolt 10 of the 
tool 6 has an increased friction surface due to the protrusion 7 

May 29, 2014 

protruding from its end face 11. The radial dimensions of the 
protrusion 7 are smaller than the radial dimensions of the bolt 
10. 
0040. In accordance with FIG. 7, the protrusion 7 may be 
constructed cylindrically. At its free end it can also be pro 
vided with a chamfer or it may be rounded. 
0041. In accordance with FIG. 8, the protrusion 7 can also 
be constructed conically with a decreasing diameter pointing 
away from the bolt 10. 
0042. In the embodiments according to FIGS. 7 and 8, the 
protrusion 7 may additionally be provided with a thread. 
0043. Another embodiment of the protrusion 7 is illus 
trated in FIG.9. Consequently, the protrusion 7 is constructed 
So as to extend at an acute angle Lacing away from the bottom 
10. 

1. Method for electrically conductively connecting a con 
tact part on the basis of copper to an electrical conductor 
composed of a plurality of individual wires containing alu 
minum, said method comprising the steps of 

a cup-shaped contact part, which includes a bottom and a 
cylindrical sleeve integrally connected to and projecting 
away from the bottom with tight contact of the sleeve to 
the conductor, is pushed onto the conductor until the end 
face of the conductor rests against the bottom of the 
contact part; 

by means of which Subsequently to the contact part is at 
least one rotating tool placed with Sustained pressure, at 
least in the area of the bottom of the contact part, until the 
material of the conductor is softened due no the 
increased temperature of the material of the conductor 
due to friction to such an extent that it integrally con 
nects to the contact part, 

wherein the wall oft contact part is not broken by the tool; 
and 

finally the tool is removed from the contact part. 
2. Method according to claim 1, wherein the contact part 

and the conductor are heated by the rotating tool while main 
taining the pressure exerted by the tool on the contact part to 
such an extent until the material of the conductor is welded by 
diffusion to the contact part. 

3. Arrangement for carrying out the method according to 
claim 1, wherein the tool has an end face which serves as a 
friction surface which is determined for contact with the 
contact part whose radial dimensions are smaller than the 
radial dimensions of the bottom of the contact part. 

4. Arrangement according to claim3, wherein the tool has 
at its end face a protrusion protruding from the end face for 
contacting the contact part. 

5. Arrangement according to claim 4, wherein the protru 
sion is arranged symmetrically with the axis of the tool. 

6. Arrangement according to claim 4, wherein the protru 
sion is arranged eccentrically with the axis of tool. 

7. Arrangement according to claim 4, wherein the protru 
sion is constructed so as to be pin-like. 

8. Arrangement according to claim 7, wherein the protru 
sion is constructed to be cylindrical. 

9. Arrangement according to claim 8, wherein the protru 
sion has a chamfered or rounded tip. 

10. Arrangement according to claim 7, wherein the protru 
sion is constructed conically, with dimensions which 
decrease with increasing distance from the tool. 

11. Arrangement according to one of claim 7, wherein the 
protrusion is provided with a thread. 
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12. Arrangement according to claim 7, wherein the protru 
sion is constructed so as to form an acute angle facing away 
from the tool. 


