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Abstract 
 

The aim of the research study is to investigate the increase of the load-bearing ca-

pacity by utilising a shear-/bearing loaded joint for both, the static and the fatigue 

strength verification of flow drill screwed aluminium components. The focus is set on 

load-bearing capacity investigations for bolted joints in aluminium profiles with sheet 

thicknesses from 3 mm to 7 mm, as they are commonly used in extruded aluminium 

profiles for supporting structures in rail vehicles. A decisive obstacle for the utilisation 

of the economic potential of directly bolted connections is the lack of design rules and 

load capacity verifications. As research objectives, the existing deficit of an analyti-

cally unified design and the lacking determination of the load-bearing capacity of di-

rectly bolted aluminium components must be eliminated. Considering the process 

chains of railway vehicle manufacturing, this is an economical advantage for the many 

supplier companies in the business.  
 

Keywords: Flow Drill Screwing FDS, bolted joints, aluminium alloys, railway vehi-

cles 
 

1  Introduction 
 

The submitted study deals with bolted joints for railway vehicles, especially for 

wagon bodies made of extruded aluminium profiles. Bolted joints become necessary 

due to maintenance and for improved accessibility for a variety of attachments and 

equipment parts. Applying bolted joints in extruded profiles often becomes a con-

structive challenge. A blind bolting into the profile requires blind rivet nut, for which 
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a strength verification is usually difficult to apply. Otherwise, special c-rails or con-

soles become necessary, which already must be considered in the extrusion tooling. 

This results in with a major impact on the tooling costs, while at the same time reduc-

ing the flexibility of positioning the assemblies. Anyway, the interfaces of bolted 

joints must be free of thick coatings to prevent losses of preload and normally must 

be executed with slotted holes, which allow the compensation of tolerances and posi-

tions of the assemblies. Together with the necessary tightening for preloading, to 

match the requirement of slip resistance, all mentioned efforts as mentioned lead to 

rising manufacturing times and costs. 

A technically smarter and highly economical solution is direct bolting by flow drill 

screwing (FDS). Figure 1 shows the FDS procedure according to [1]. 

 

 
Figure 1: Procedure of flow drill screwing (FDS) acc. to [1] 

 

The FDS technology is well known in automotive industry, prioritizing joining of 

extruded aluminium profiles and higher strength steels [2, 3, 4]. In respect to the sheet 

metal thicknesses und strengths, FDS is also applicable with the aluminium alloys in 

railway wagon bodies. FDS goes hand in hand with many advantages and benefits. 

Pre-holes in the support structure or the final coated interfaces of the assemblies are 

no longer needed. In addition, there is no preload necessary as it would be to execute 

a slip resistant joint. The mechanism to transfer vertical loads should be caused by 

shear-/bearing load capacity, which allows significantly smaller bolt diameters. 

Therefore, it is possible to downsize from a metric bolt M10 to a diameter M5 by 

maintaining the static resistance. 

To establish FDS several requirements need to be fulfilled. One of them is the ac-

tivation of the bearing capacity by elimination of any hole clearances. This in partic-

ular requests a sufficiently well calibrated positioning and tightening procedure. Ad-

ditional requirements are construction dimensions like edge distances and pre-hole 

clearances. 
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2  Methods 
 

The experimental studies separated into two investigation complexes. In both com-

plexes, the aluminium alloys EN AW 5083 H111 and EN AW 6082 T6 are subject of 

investigations. The first complex includes the application of FDS (Figure 2, left) in 

several sheet metal thickness and pre-hole diameter combinations. Therefore, two al-

uminium plates are positioned according to the dimensions as shown in Figure 2, right. 

The illustrated pre-holes are only part of upper sheet metal called clamped part. There 

are no pre-holes needed in the bottom plate, which is the part to be threaded in. 

 

  
Figure 2: Application of FDS (left) and specimen for tightening procedure investi-

gations (right) 
 

The subject of the first investigation complex is to specify machine parameters for 

the joining process and the tightening procedure. There is an enormous set of param-

eters for the several stages of flow drill screwing, which in the end influences the 

result of the joint. The axial forces, the rotation speeds as well as the different torques 

to be monitored are the key parameters for the FDS process. Also the blank holder 

force and process time have a major impact on establishing robust and reproducible 

procedures. Flow drilling screws of diameter M5 from two different suppliers were 

investigated to handle the count of experiments. 

In the second complex, the load bearing behaviour is determined for selected com-

binations of procedure parameters, sheet thicknesses and pre-hole diameters by ten-

sion testing. Figure 3 (left) displays the test arrangement with the test machine Zwick 

Z50. The specimen for the tension testing is shown on the right hand of Figure 3. To 

allocate the inclination to the load behaviour, the bolt angle was measured by video-

taping with a circular disc and was then related to the machine load as well as the 

displacement. 
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Figure 3: Test arrangement (left) and specimen (right) for tension testing 

 

To determine the construction dimensions, the edge distance e1 in load direction 

was varied in relation to the bolt diameter. As second construction parameter, the edge 

distance e2 was modified transverse to the load direction. Both construction dimen-

sions were investigated with the specimen illustrated in Figure 3 (right). 

 

3  Results 
 

The first challenge was to qualify the reproducible manufacturing of shear-/bearing 

loaded joints by FDS within the first complex of investigation. Therefore, every single 

sampled combination of pre-hole diameter and sheet thickness was investigated by a 

macro cross section, as shown in Figure 4. The pictures of the cross sections delivered 

characteristic values of the occurring gaps and allowed an evaluation of the filling 

levels by the displaced material. 

 

 
Figure 4: Evaluation of the samples by cross section and results regarding suitable 

pre-hole diameters 
 

With these results and the assessment, the optimum pre-hole diameter could be 

determined for each tested thickness combination, which is the basis for the following 

load bearing behaviour tests. The machine load-displacement-relations, in form of 

graphs as shown in Figure 5, could be derived from the shear tension tests of the 
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second investigation complex. Additionally, characteristic fracture modes were ob-

served during tensile tests, according to Figure 5 (left). 

 

 
Figure 5: Fracture mode (left) and corresponding machine load-displacement-graph 

(right) 
 

The determined shear resistances in tensile tests are, against the expectations, suf-

ficiently high in relation to the strength of the aluminium. Over this, the load bearing 

resistances and the fracture modes depend on the edge distance e1. Evaluating these 

results leads to a minimum edge distance for construction and to a maximum of bear-

ing capacity. 

 

4  Conclusions and Contributions 
 

With the present studies the tightening procedure is investigated, which allows the 

utilization of the load-bearing behaviour for FDS bolted joints. In a second step ex-

perimental investigations were performed to determine characteristic loads of re-

sistance and edge distances. The results of the study introduce the possibility to im-

plement a shear-/bearing loaded joint for flow drill screwing the first time. Although 

many experimental and numerical studies [5…10] figured out, it has never been in-

tended to further investigate the load bearing behaviour or to utilize FDS performing 

as shear-/bearing loaded joints. The obtained results with the macrographic cross sec-

tions display how flow drill screwing can be applicated sufficiently in aluminium 

wagon bodies. Bolting by flow drill screwing can be performed blindly into a profile 

without requiring pre-holes in the support structure. 

 

With the additional tensile tests and the determined load displacement behaviours 

it is possible to derive characteristic values of the load bearing capacities. These char-

acteristic capacities of the static load-displacement behaviour also offer the oppor-

tunity to apply FDS instead of preloaded slip resistant bolted joints. In combination 

with the observed fracture modes it is possible to carry out the required dimensioning 

and to set up static strength approvals for railway vehicles. Afterwards the oscillation 

tests will be performed to determine a detail category for fatigue strength verification. 
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