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Abstract. The author of this paper presented the ideas and assumptions with regard to 
manufacturing and application of a new metal expansion joints type. The manufacturing 
technology based on a hybrid mechanically assisted laser forming method was briefly discussed. 
The exculpation for the development of this expansion joints type and their effect on the torques 
and distortions compensation occurring in industrial pipelines installations was discussed as well. 
Furthermore, the preliminary experimenter's research results about manufacturing of this 
expansion joints type were presented as well. 
Introduction 
In every industrial pipelines installations we deal with variable parameters of the transmitted 
medium. These are mainly changes in pressure and temperature. As a result of changing working 
conditions, such an installation is exposed to damage related to a change in its geometry due to 
e.g. thermal expansion of the material. Therefore, there is a need to compensate for such an 
installation. The simplest solution is to compensate when changing the direction of the pipeline, 
e.g. at elbows. However, it is not always possible, e.g. due to collisions with other installations, 
lack of space, etc. In such a case, expansion joints integrated with that installations are used. 
Depending on installation operating parameters these may be cloth, rubber or metal expansion 
joints. 

In the case of high pressures, metal expansion joints are used. They are made from a pipe, on 
which there are upsets in the form of a bellows or a lens. These upsets act as a kind of "spring" 
which compensate for the above-mentioned deformations. Their design ensures compensation of 
axial, lateral and angular deformations [1]. On the other hand, they do not compensate for the 
deformations resulting from the torque moments, which are the operation result of the equipment 
installed in the installation, e.g. valves, pumps, etc. Therefore, the idea of helical metal expansion 
joints was born, which was designed to compensate mainly for this type of deformation. 

Currently, standard expansion joints are made mainly by plastic cold working, using roller 
systems, hydroforming methods, etc. [1]. The author of this paper proposed the use of a hybrid 
mechanically assisted laser forming method to produce helical expansion joints. Currently, laser 
techniques are widely used, e.g. for cutting [2], welding [3], industrial coatings applications [4], 
creating textures on the material's surface [5], additive manufacturing [6], etc. Instead the laser 
forming method uses the phenomenon of distortion in the material as a result of the element's local 
temperature change. The element is heated by the energy from the laser beam acting on it. The 
appropriate geometry and trajectory of the laser beam leads to the desired shapes of the element. 
In this case, the local change in the shape of the element is achieved due to the difference in thermal 
expansion of the "cool" and "warm" parts of the material. Plastic deformation is obtained as a 
result of causing internal thermal stresses in the material without the participation of external 
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forces, by means of three main mechanisms: temperature gradient mechanism (TGM), upsetting 
mechanism (UM) and buckling mechanism (BM)  [7]. 

The free-form laser forming method (as we can call it) is, however, a very time-consuming 
process. That is why the idea of a hybrid method of mechanically assisted laser forming was born. 
In this method, in order to accelerate the process, apart from laser heating, external forces are also 
used to create plastic deformations. This approach significantly speeds up the forming process, the 
process becomes effective, and the method allows for obtaining complex shapes. An example of 
such an approach is, for example, shaping thin-walled elements made from pipes [8]. Of course, 
the ideas and assumptions should predict the experiment [9] and make the necessary macroscopic 
measurements of the obtained elements [10]. 

Bearing in mind the above, the ideas and assumptions for making helical expansion joints using 
this method are presented. A preliminary experiment was performed to confirm the validity of the 
assumptions. 
Ideas and assumptions  
The necessity to compensate for deformations of industrial piping installations resulting from 
torque moments led to the idea of making helical expansion joints. The helical expansion joint has 
bellows on its circumference, but not in the form of classic rings, but in the form of a helix. This 
helix is similar in appearance to the thread. It can be both dextrorotatory and laevorotatory - Fig. 
1. 

 
Fig. 1. Helical expansion joint cross section (idea). 

 
Fig. 2. Individual steps of helical expansion joints forming (idea): 1 -  quickly rotating around its 
axis pipe, 2 - laser head (pipe heating), 3 - pyrometer, 4 - force sensor, 5 - axial thrust actuator,     

6 - swivel handle. The red line shows laser incidence path with pipe surface. 
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Helical metal expansion joints manufacturing process with a hybrid mechanically assisted laser 
forming method is based on the following assumptions (Fig. 2.): 
– the laser beam heats a given area of the element to a certain, preset temperature, which improves 

the plastic properties in this area, 
– evenly and uniformly heating of the element around its entire circumference is achieved by its 

quick rotation around its axis, 
– the laser head moves in a direction parallel to the axis of the rotating pipe at a given speed, 

creating a helix on its surface, 
– an axial force acts on the element simultaneously, which causes its upsetting in the plasticized 

zone (heated by the laser beam), 
– only the part of the pipe that is exposed to the laser beam at a given moment is deformed, 
– the remaining part of the formed element, which has a lower temperature, does not deform. 
So formulated assumptions were verified as to their validity during the initial experimental study. 
The description of the experiment and its results are presented in the following chapters. 
Experiment 
In order to perform the experiment, an execution and measurement stand was built based on the 
TRUMPF TruFlow 6000 CO2 laser, generating laser radiation with a wavelength of λ=10.6 μm 
with a maximum power of 6kW and operating in CW laser mode. Stainless steel grade X5CrNi18-
10 pipes with dimensions of ϕ20x1 mm (diameter x wall thickness) and length of 250 mm were 
used for the experiment. The element was installed between axial actuator with a maximum 
pressure force of 5kN (4) and swivel handle (6). The surface of the sample was covered with a 
special absorber (matt black enamel) in order to increase and uniform the absorption coefficient of 
the laser radiation. The treatment parameters were as follows: 
– laser power: P=1200 W, 
– process temperature: approx. T=1100°C (X5CrNi18-10 steel hyperquenching temperature 

which guarantees the preservation of the austenitic microstructure after process), 
– pipe compressive force: max. F=1.2 kN, 
– compressive length: s=30 mm, 
– pipe rotation speed: ω=10000 °/min, 
– pipe compressive speed: v=10 mm/s. 
– initial beam pitch: p=80 mm. 
The circularly polarized laser beam was incident perpendicularly on the rotating pipe surface. 
Furthermore the laser beam traveled along the pipe axis, creating a heated, convoluted thread-like 
strip on its surface. It was a zone of heating and its plasticization. After obtaining the appropriate 
temperature T, recorded by the sensor (3), the actuator (5) was started. The actuator pressed the 
pipe axially with the force F (4) and by velocity v. 
Results, Discussion and Conclusions 
The final result of the preliminary experiment was the helical expansion joint manufacturing. Fig. 
3 and Fig. 4 show an exemplary element with a macrograph gained shape analysis. 
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Fig. 3. Helical expansion joint view after processing – a graphic  

filter was used for better image analysis. 

  
Fig. 4. Magnification of the image with marked peaks a) and helix coils b). 

Analyzing the photographic documentation presented in Fig. 4a), we can observe the creation 
of bulges formed on the circumference of the pipe (marked by red arrows). These are the upsets of 
the emerging helical expansion joint. Moreover the upset path is marked with a black lines. 
Appropriate selection of the process parameters leads to the formation of a helix. After many 
experimental tests with the selection of parameters, it was possible to make a helical expansion 
joint with two coils on the perimeter. The final product is shown on Fig. 4b). However, a number 
of trials were required to obtain such a shape. In particular, it is problematic to control the 
temperature of the process and to start upsetting at the appropriate time. In many cases, the tubular 
element was burned or the element was squeezed out. In both cases, it resulted in the expansion 
joint tearing, loss of material cohesion or unforeseen deformations. It is also difficult to select an 
appropriate initial pitch and initial pitch speed. Too small pitch leads to a slight upsetting of the 
pipe on the perimeter. On the other hand, too large pitch causes the necessity to use a lot of force 
in order to upset. 
  

a)          b) 
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Summary 
The results of the experiment seem to confirm the idea validity of manufacturing metal helical 
expansion joints with the use of a hybrid mechanically assisted laser forming method. However, 
mastering this process caused some problems, mainly technological. Many of the attempts made 
have been unsuccessful. Appropriate selection of process parameters turned out to be very 
important. The process is started and ended manually, not automatically. The final effect therefore 
largely depends on the experience of the operator. However, this approach leads to the lack of 
repeatability of the final elements. Moreover the final shape of element depends on many variable 
factors. 

The improvement of the process will be the aid of further works planned in the future. 
Furthermore, it is planned to carry out a FEM analysis in order to recognize thermoelastic and 
thermoplastic phenomena occurring during the process. It is planned to study the microstructure 
of the obtained expansion joints. In order for the expansion joint to have the expected strength 
properties, the microstructure should not change and remain an austenitic. The selection of 
parameters (temperature) should ensure this, however, detailed research in this matter will give the 
answer what the real microstructure is. It is also planned to perform strength tests of the created 
expansion joints in order to determine their utilitarian suitability in industrial applications. 

The obtained results may be interesting for analogous cases of laser processing [11-13], 
preparing parts for highly loaded devices in waste treatment [14, 15] or producing responsible 
parts of military equipment [16, 17]. It would be also very interesting to consider the 
thermomechanical analysis of the problem using the adjustment calculus with supplementary data 
[18, 19] and non-parametric methods [20, 21]. 
Acknowledgement 
The research reported herein was supported by a grant from the National Centre for Research and 
Development (NCBiR). 

Program title: Lider XI, grant title “Development of new type metal expansion joints and their 
manufacturing technology”, contract number: : LIDER/44/0164/L-11/19/NCBR/2020.  
References 

[1] Standards of the Expansion Joint Manufacturers Association, Tenth Edition, Expansion 
Joints Manufacturer Association INC., 2020 

[2] H. Danielewski, J. Meško, R. Nigrovič, R. R. Nikolić, B. Hadzima, N. Gubeljak. Laser 
cutting of ductile cast iron, Materialpruefung/Materials Testing 62 (2020) 820-826. 
https://doi.org/10.3139/120.111548 

[3] S. Tofil, H. Danielewski, G. Witkowski, K. Mulczyk, B. Antoszewski. Technology and 
Properties of Peripheral Laser-Welded Micro-Joints, Materials 14 (2021) art. 3213. 
https://doi.org/10.3390/ma14123213 

[4] N. Radek, A. Szczotok, A. Gądek-Moszczak, R. Dwornicka, J. Bronček, J. Pietraszek. The 
impact of laser processing parameters on the properties of electro-spark deposited coatings. 
Archives of Metallurgy and Materials 63 (2018) 809-816. https://doi.org/10.24425/122407 

[5] S. Tofil, R. Barbucha, M. Kocik, R. Kozera, M. Tański, N. Arivazhagan, J. Yao, A. Zrak. 
Adhesive Joints with Laser Shaped Surface Microstructures, Materials 14 (2021) art. 7548. 
https://doi.org/10.3390/ma14247548  



Terotechnology XII  Materials Research Forum LLC 
Materials Research Proceedings 24 (2022) 233-239  https://doi.org/10.21741/9781644902059-34 

 

 

 238 

[6] B. Antoszewski, H. Danielewski, J. Dutkiewicz, Ł. Rogal, M.S. Węglowski, K. Kwieciński, 
P. Śliwiński. Semi-Hybrid CO2 Laser Metal Deposition Method with Inter Substrate Buffer 
Zone, Materials 14 (2021) art. 720. https://doi.org/10.3390/ma14040720 

[7] F. Vollertsen F. Mechanisms and Models for Laser Forming, Laser Assisted Net Shape 
Engineering, Proc. LANE’94 1. Meisenbach-Verlag, Bamberg (1994) 345-360. 

[8] J. Widłaszewski, M. Nowak, Z. Nowak, P. Kurp. Laser-assisted thermomechanical bending 
of tube profiles, Archives of Metallurgy and Materials 64 (2019) 421-430. 
https://doi.org/10.24425/amm.2019.126268 

[9] J. Pietraszek, N. Radek, A. V. Goroshko. Challenges for the DOE methodology related to 
the introduction of Industry 4.0, Production Engineering Archives  26 (2020) 190-194. 
https://doi.org/10.30657/pea.2020.26.33 

[10] A. Gądek-Moszczak, N. Radek, S. Wroński, J. Tarasiuk, Application the 3D image analysis 
techniques for assessment the quality of material surface layer before and after laser treatment. 
Advanced Materials Research 874 (2014) 133-138. 
https://doi.org/10.4028/www.scientific.net/AMR.874.133 

[11] N. Radek, J. Pietraszek, A. Gadek-Moszczak, Ł.J. Orman, A. Szczotok. The morphology 
and mechanical properties of ESD coatings before and after laser beam machining, Materials 13 
(2020) art. 2331. https://doi.org/10.3390/ma13102331 

[12] N. Radek, J. Konstanty, J. Pietraszek, Ł.J. Orman, M. Szczepaniak, D. Przestacki. The effect 
of laser beam processing on the properties of WC-Co coatings deposited on steel. Materials 14 
(2021) art. 538. https://doi.org/10.3390/ma14030538 

[13] H. Danielewski, A. Skrzypczyk, W. Zowczak, D. Gontarski, L. Płonecki, H. Wiśniewski, D. 
Soboń, A. Kalinowski, G. Bracha, K. Borkowski. Numerical analysis of laser-welded flange pipe 
joints in lap and fillet configurations, Technical Transactions 118 (2021) art. e2021030. 
https://doi.org/10.37705/TechTrans/e2021030 

[14] M. Zenkiewicz, T. Zuk, J. Pietraszek, P. Rytlewski, K. Moraczewski, M. Stepczyńska. 
Electrostatic separation of binary mixtures of some biodegradable polymers and poly(vinyl 
chloride) or poly(ethylene terephthalate), Polimery/Polymers 61 (2016) 835-843. 
https://doi.org/10.14314/polimery.2016.835 

[15] M. Dobrzański. The influence of water price and the number of residents on the economic 
efficiency of water recovery from grey water, Technical Transactions 118 (2021) art. e2021001. 
https://doi.org/10.37705/TechTrans/e2021001 

[16] B. Szczodrowska, R. Mazurczuk. A review of modern materials used in military camouflage 
within the radar frequency range, Technical Transactions 118 (2021) art.e2021003. 
https://doi.org/10.37705/TechTrans/e2021003 

[17] A. Kubecki, C. Śliwiński, J. Śliwiński, I. Lubach, L. Bogdan, W. Maliszewski. Assessment 
of the technical condition of mines with mechanical fuses, Technical Transactions 118 (2021) 
art. e2021025. https://doi.org/10.37705/TechTrans/e2021025 



Terotechnology XII  Materials Research Forum LLC 
Materials Research Proceedings 24 (2022) 233-239  https://doi.org/10.21741/9781644902059-34 

 

 

 239 

[18] T. Styrylska, J. Pietraszek. Numerical modeling of non-steady-state temperature-fields with 
supplementary data. Zeitschrift für Angewandte Mathematik und Mechanik 72 (1992) T537-
T539. 

[19] G. Majewski, Ł.J. Orman, M. Telejko, N. Radek, J. Pietraszek, A. Dudek. Assessment of 
thermal comfort in the intelligent buildings in view of providing high quality indoor 
environment, Energies 13 (2020) art. 1973. https://doi.org/10.3390/en13081973 

[20] J. Pietraszek. Response surface methodology at irregular grids based on Voronoi scheme 
with neural network approximator. 6th Int. Conf. on Neural Networks and Soft Computing JUN 
11-15, 2002, Springer, 250-255. https://doi.org/10.1007/978-3-7908-1902-1_35 

[21] J. Pietraszek, R. Dwornicka, A. Szczotok. The bootstrap approach to the statistical 
significance of parameters in the fixed effects model. ECCOMAS 2016 – Proc. 7th European 
Congress on Computational Methods in Applied Sciences and Engineering 3, 6061-6068. 
https://doi.org/10.7712/100016.2240.9206 
 


	Ideas and Assumptions of a New Kind Helical Metal Expansion Joints
	Introduction
	Ideas and assumptions
	Experiment
	Results, Discussion and Conclusions
	Summary
	Acknowledgement
	References


