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Authors: Gonçalo C. Rodrigues, Joost R. Duflou

PII: S0924-0136(18)30433-3
DOI: https://doi.org/10.1016/j.jmatprotec.2018.09.035
Reference: PROTEC 15949

To appear in: Journal of Materials Processing Technology

Received date: 15-1-2018
Revised date: 22-8-2018
Accepted date: 29-9-2018

Please cite this article as: Rodrigues GC, Duflou JR, Theoretical and experimental
aspects of laser cutting with elliptically polarized laser beams, Journal of Materials
Processing Tech. (2018), https://doi.org/10.1016/j.jmatprotec.2018.09.035

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.jmatprotec.2018.09.035
https://doi.org/10.1016/j.jmatprotec.2018.09.035


1 

 

 

 

 

 

Theoretical and experimental aspects of laser cutting with 

elliptically polarized laser beams 

Gonçalo C. Rodrigues a and Joost R. Duflou a 

a Mechanical Engineering Department, KU Leuven, Celestijnenlaan 300, Leuven 3000, Belgium 

 

 

Corresponding author: Gonçalo C. Rodrigues 

 

Email address: goncalo.rodrigues@kuleuven.be 

 

Phone number: +32 16 37 28 42 
\ 

 

 

Abstract 

The strong effect that beam polarization has on the performance of industrial laser cutting is well known. The linear and circular 

polarization states were widely investigated for CO2 lasers. These two states are, in fact, special cases of elliptically polarized laser 

beams. Theoretical models have predicted an optimal cutting performance for a specific ellipse ratio (b/a=0,75), but experimental 

validation was never reported. The main reason is that this characteristic is difficult to obtain in practice. With the technology shift 

towards solid state lasers, different optical solutions become available for polarization control of high power laser beams (e.g. 

transmissive beam retarders). This paper reports on the novel design of an elliptically polarized laser beam with a continuous 

control of the ellipse axes ratio. Starting with a full description of the concept, the equations describing the control of the optical 

elements are deduced using Jones calculus formalism. A motorized optical module has been built to transform the output of a 

linearly polarized laser beam into a given elliptic polarization characteristic. Beam analysis equipment was used to validate the 

experimental setup. Cutting experiments were realized for 2 mm thick 304 L stainless steel and compared with a simulation model. 

Both results show a comparable nonlinear effect on the achievable maximum cutting speed. The influence of the beam shape is 

also considered, revealing a strong interaction with the beam polarization. With the help of simulation tools, the applicability of 

such concept is investigated and, in agreement with the experimental results, the obtained output confirms that the optimal ellipse 

beam ratio is much closer to 𝑏 𝑎⁄ =0 than anticipated in literature. 
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