Accepted Manuscript m

JOURNAL OF MATERIALS
PROCESSING TECHNOLOGY

Title: Application of the Bending Theory on Square-Hollow
Sections made from High-Strength Steel with a Changing
Angle of the Bending Plane

== |

Author: M. Hudovernik F. Kosel D. Staupendahl A.E. o
Tekkaya K. Kuzman

PII: S0924-0136(14)00191-5

DOI: http://dx.doi.org/doi:10.1016/j.jmatprotec.2014.05.016
Reference: PROTEC 14003

To appear in: Journal of Materials Processing Technology

Received date: 14-1-2014

Revised date: 7-5-2014

Accepted date: 11-5-2014

Please cite this article as: Hudovernik, M., Kosel, F., Staupendahl, D., Tekkaya, A.E.,
Kuzman, K.,Application of the Bending Theory on Square-Hollow Sections made from
High-Strength Steel with a Changing Angle of the Bending Plane, Journal of Materials
Processing Technology (2014), http://dx.doi.org/10.1016/j.jmatprotec.2014.05.016

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.


http://dx.doi.org/doi:10.1016/j.jmatprotec.2014.05.016
http://dx.doi.org/10.1016/j.jmatprotec.2014.05.016

[V SRS I \S]

O o0 3 O

10

12

13

14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

29

30
31

Application of the Bending Theory on Square-Hollow Sections made from
High-Strength Steel with a Changing Angle of the Bending Plane

M. Hudovernik™, F. Kosel®, D. Staupendahl®, A.E. Tekkaya®, K. Kuzman®

# Tecos - Slovenian Tool and Die Development Centre, Kidri¢eva ul. 25, SI-3000 Celje, Slovenia,

email: matej.hudovernik@tecos.si, tel.: +386(0)3 426 46 14, fax: +386(0)3 426 46 11

® Faculty for Mechanical Engineering, University of Ljubljana,
Askerceva 6, SI-1000, Ljubljana, Slovenia,
¢ Institute for Forming Technologies and Lightweight Construction, Technical University of Dortmund,

Baroper Str. 301, DE-44227 Dortmund, Germany.

Abstract:

The bending behaviour of thin-walled profiles made from high-strength steels with respect to a changing angle of
the bending plane or, in other words, the rotation of the section geometry on the longitudinal axis of the profile,
has not yet been fully characterized. The investigations presented in this paper lead to an improvement of the
description for bending square hollow sections under unified and constant loading conditions, and contribute to the
general understanding of such bending problems. The methodological approach is based on analytic, numerical,
and experimental analysis. The analytical formulation is primarily built on the principle of a simplified cantilever
beam model. Bending curvatures are assumed to be generated with constant radiuses of curvatures. The change of
the angle of the section, with respect to the direction of bending, is applied before bending and remains unchanged
throughout the process. In this way, the effects of a changing angle with regard to the direction of bending are
analysed for several constant curvatures and angles of 2D bent profiles. With a clear understanding of the 2D
bending of high strength profiles, the same principles can also be used incrementally for analyses of 3D bending.
The analytical theory is tested with an emphasis on using profiles with high-strength material properties compared
to profiles made from standard low-carbon steel, by using the innovative Torque Superposed Spatial bending
method (TSS). The results are supported by FE models generated with the Abaqus numerical FEM tool and

verified with the results of actual experiments.
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