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Abstract: This paper deals with the investigation of the effect of speed on the form fit joint of dissimilar materials. Thin -walled materials 

based on steel and aluminium alloy were joined by thermal drilling. The shape and size of the resulting bushing were evaluated. It turned out 
that the best material combination for joining by flowdrill technology are joints made of steel and aluminum alloy. Aluminum alloy must 

always be placed in the bottom position. The best parameters of the formed bushing were achieved with the combination of DC-Al or TL-Al 
materials, at tool speeds of at least 2400 rpm. 
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1. Introduction 

Minimizing emissions in transport is a dominant theme today. 

In order to meet this objective, conventional steels are being 
replaced by non-conventional high-strength steels, which make it 

possible to reduce the cross-sections of components and the weight 
of the whole, as well as to save raw materials. Furthermore, steels 

are being replaced by other materials with good specific strength, 

such as aluminum, magnesium alloys or even composites. The 
individual parts of vehicles are assembled in a customized manner 

and hence there is a need to address the joining of dissimilar 
materials that differ from each other by their very nature - the 

internal arrangement of the constituent units, microstructure, 
mechanical, physical properties as well as the nature of the response 

of these materials to different types of loads [1-12]. Joining 
dissimilar materials by welding encounters problems especially in 

joints between steel and aluminum, which are associated with 

insolubility of the elements and formation of brittle intermetallic 
compounds. Adhesive bonding solves many of these problems, but 

the joints have a limited temperature of use and slow down the 
production cycle of the component due to the time required for the 

adhesive to cure. A promising joining technology is mechanical 
joining with one of the many variations of clinching or riveting. 

These technologies are already fairly well studied, but require in 

many cases a two-sided approach to the parts to be joined. 

Schmerler et al. [13] in their publication dealt with the idea of 
joining materials by thermal drilling technology, although this 

technology is not primarily intended for this purpose. The idea is 
based on the premise that if two or three thin-walled materials are 

layered on top of each other and drilled with a flowdrill tool, 
coaxial bushings could be formed, mechanically wedged together, 

which could form a form-fit joint. This possibility was also tested 
by Guzanova et al. in [14], using thermal drilling technology to 

form joints between pairs of dissimilar materials based on steel and 

aluminum alloy. They found that the best joints were formed when 
one of the materials was an aluminum alloy placed in the bottom 

position. It also showed the relationship of the bushing formation 
with the thermal conductivity of the materials. However, the joints 

were formed at constant parameters. Therefore, there was a need to 
test other process parameters, in particular rotational speed and its 

effect on the formation of the joint bushings. 

The paper therefore aims to test the effect of rotational speed on 

the size and shape of the bushings formed during the thermal 
drilling of a pair of thin overlapped plates, where the intended joint 

is always to be formed from a pair of dissimilar materials. This 
should result in the determination of the appropriate rotational 

speed for the successful formation of joints from dissimilar 
materials. 

 

 

 

2. Materials and methods 

The following materials were used for the joints formation: 

 Cold rolled uncoated deep drawing steel DC04, used for the 

production of interior and exterior parts of car bodies and for 

other stampings, thickness 0.8 mm, next denoted as DC. 

 Zinc-galvanized fine-grained high-strength low alloyed steel 

TL 1550-220+Z with increased cold formability, thickness 
0.8 mm, next denoted as TL. 

 Precipitation hardened aluminum alloy EN AW-6082 T6 

(AlSi1MgMn), thickness 1.0 mm, next denoted as Al. 

The chemical composition of materials, their mechanical 

properties and surface conditions are given in Tables 1-2. 

Table 1: Chemical composition of materials, wt. %. 

DC 

C Mn P S Fe      

0.04 0.25 0.009 0.008 bal.      

TL 

C Mn Si P S Al Nb Ti Cu Fe 

0.10 1.00 0.50 0.08 0.03 0.015 0.10 0.15 0.20 bal. 

Al 

Si Fe Cu Mn Mg Cr Zn Ti Al  

1.00 0.40 0.06 0.44 0.70 0.02 0.08 0.03 bal.  

 

Table 2: Mechanical properties and some specific conditions of materials. 

materials 
YS 

[MPa] 

UTS 

[MPa] 

Elongation 

[%] 

Thickness 

[mm] 
condition 

DC 197 327 39 0.8 
electrostatically 

oiled 

TL 292 373 34 0.8 
Zn coated, 

100 g∙m-2 

Al 290 340 14 1.0 
solut. treated, 

artificially aged 

 
The shape and dimensions of the test specimens were designed 
according to EN ISO 12996 depending on the thickness of the 
materials to be joined and the diameter of the tool used, Fig. 1. 
Flowdrill Long ø 5.3 mm thermal drilling tool was selected for 
joints formation. 

 
Fig. 1 Shape and dimensions of joint assembly 

 

The joints were created in manual mode using radial drilling 
machine, where the only variable was tool rotational speed. Tool 
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feed rate towards the material was implemented manually. The 
rotational speeds used were 1900, 2400 and 3800 rpm. 

The formed joints are intended to be tested for shear strength 

under tensile stress in the next step, but this paper mainly presents a 
metallographic study of the formed bushings. This is because the 

material properties and thickness of the bushing formed from the 

top material in the joint will determine the load carrying capacity of 
the joint. Since the position of the materials in the joints is 

important, the material combinations were constructed according to 
the following scheme, Table 3. 

Table 3: Matrix of created joints. 

Positioning materials in the 

joint 

Mat. in upper 

position 

Mat. in lower 

position 

 

DC 
TL 

Al 

TL 
DC 

Al 

Al 

DC 

TL 

Al 

3. Results 

The joints formed according to Table 3 were cut in the axis of 
the hole, embedded in resin and ground for macroscopic 

observation and measurement of the thickness of the formed 
bushings. The individual metallographic sections are shown in 

Table 4. In order to save space, only one side of the joint is always 

shown in Table 4. 

Table 4 shows the following findings:  

 Joints where Al is in the top position (Al-Al, Al-DC, Al-TL) are 

characterized by the fact that the plates are pushed apart by the 
bushing of the top material, there is no formation of two 

concentric bushings, thus no joint is formed and this regardless 
of the rotational speed. Due to its mechanical and physical 

properties, Al cannot be placed in the top position in the joint. 
Although its mechanical properties are at the level of TL steel 

(see Table 2), heating of Al due to frictional heat reduces the 
mechanical properties rapidly. Al is thus pushed laterally away 

from the hole location instead of forming a bushing.  

 

Table 4. Metallographic cross-sections through joints – one side view (right). 
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 Joints formed from dissimilar steel materials (DC-TL, TL-DC) 

also do not exhibit suitable properties. From the metallographic 
sections it can be seen that the inner bushing formed from the 

top material thins very intensely towards the bottom material, 
which seems to cause a low load carrying capacity of the joint. 

In addition, a strong springback effect is evident, which will 
cause separation of the materials to be joined after the tool cycle 

is complete. This also does not contribute to the load carrying 

capacity of the joint. This phenomenon appears for both steel 
combinations (DC-TL, TL-DC) and at all three rotational 

speeds tested. 

 The most successful joints have been made between steel and 

aluminum (DC-Al, TL-Al) when the aluminum alloy is in the 
bottom position. The inner bushing is formed from the upper 

steel stronger material and the aluminum alloy, softened by the 
frictional heat transferred from the steel, is shaped by copying 

the emerging steel bushing. Contact between the Al and the tool 
does not appear to occur at all. The springback effect is 

minimal. The thickness of the steel bushing is between 0.5 - 0.7 

mm, which is a good result considering the thickness of the 
steel plate (0.8 mm). These connections are expected to have 

the highest load carrying capacity and energy dissipation, which 
is also an important indicator of the connections, especially for 

automotive applications. 

 The effect of rotational speed was evident only in steel-

aluminum joints (DC-Al, TL-Al). For DC-Al joints, the height 
of the steel bushing increases with increasing rotational speed. 

The bushing in the DC-Al joint formed at 1900 rpm is poorly 
formed and may slip out of the aluminum alloy under shear 

tensile stress. For this reason, a minimum speed of 2400 rpm 

may be recommended for the DC-Al joint. In contrast, the TL-
Al coupling has developed a steel bushing with the greatest 

thickness just at 1900 rpm. At higher speeds, the steel bushing 
is thinner. 

4. Conclusions 

The paper presents the results of testing the effect of changing 

the rotational speed of the tool on the nature of joints formed 
between dissimilar materials by means of thermal drilling without 

the use of a screw. Form fit joints are formed based only on the 

mechanical forming of concentric bushings and their mutual 
interference. It is found that the joint can only be formed between 

steel and aluminum alloy. However, the aluminum alloy must be 
placed in the bottom position. Then the load capacity of the joint 

will depend on the internal (steel) bushing - its thickness and 
mechanical properties. The outer bushing made of aluminum alloy 

will only have a supporting function when the joint is loaded. The 
best parameters of the formed bushing were achieved with the 

combination of DC-Al or TL-Al materials, at tool speeds of at least 

2400 rpm. 
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