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IMPORTANT
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“Meeting ID or Personal link Name’’ and solidify the session.

The presentation will have 10 minutes .

The Zoom application is free and no need to create an account.
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The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.
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TECHNICAL INFORMATION

¢ Make sure your computer has a microphone and is working.

¢ You should be able to use screen sharing feature in Zoom.

¢ Attendance certificates will be sent to you as pdf at the end of the congress.

ONEMLI

Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gegen bildiriler icin
online (video konferans sistemi iizerinden) sunum imkani saglanmistir.

Online sunum yapabilmek icin https://zoom.us/join sitesi iizerinden giris yaparak “Meeting 1D
or Personal Link Name” yerine ID numarasim girerek oturuma katilabilirsiniz.

Sunumlar i¢in 10 dakika siire ayrilmistir.

Zoom uygulamasi iicretsizdir ve hesap olusturmaya gerek yoktur.

Zoom uygulamasi kaydolmadan kullanmilabilir.

Uygulama tablet, telefon ve PC’lerde ¢calismaktadir.

Sunum yapacaklarin sunum saatinden 10 dk 6nce oturuma baglanmis olmalar1 gerekmektedir.
¢ Tiim katihmcilar oturumlara online katihp dinleyebilir.

TEKNIK BiLGILER

¢ Bilgisayarimizda ¢calisir durumda mikrofon bulunmahdir.

¢ Zoom'da ekran paylasma ozelligi kullanilabilmelidir.

¢ Katihm belgeleri kongre sonunda tarafimiza pdf olarak gonderilecektir.

*
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*
¢
*
*
¢

Kongreve katilim zorunludur, katilim saglamayan katilimcilarimiza Kongre Katilim Belgesi
gonderilmeyecektir.
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SAC SEKILLENDIRME SIMULASYONLARINDA TRIBOFORM VE TRIBOFORMSUZ
YAKLASIMLAR
Umut Firat SAHIN'/ Dr. Ogr. Uyesi Hakki OZER?/ Ogr. Gor. Eslem SAHIN®

'Bursa Uludag Universitesi, Otomotiv Miihendisligi Béliimii, umutfiratsahin@gmail.com,
ORCID: 0009-0004-5368-4597
’Bursa Uludag Universitesi, Otomotiv Miihendisligi Boliimii, hakkiozer@uludag.edu.tr,
ORCID: 0000-0003-0951-8490
*Mudanya Universitesi, Otomotiv Teknolojisi Program, eslem.sahin@mudanya.edu.tr,
ORCID: 0000-0002-0067-0931

Ozet

Otomotiv endiistrisi basta olmak {izere, karmasik geometrilere sahip sac parcalarin tasarimi ve {iretimi,
giiniimiiz imalat silireglerinin vazgecilmez bir parcasidir. Bu slireglerin optimize edilmesi ve lretim
maliyetlerinin  diisiiriilmesi amaciyla, sac sekillendirme simiilasyonlar1 siklikla tercih edilmektedir.
Simiilasyonlarin gerc¢ek¢i sonuglar vermesi igin, siirtinme ve yaglama gibi parametrelerin dogru bir sekilde
modellenmesi biiylik 6nem tagimaktadir. AutoForm yazilimimin TriboForm modiilii, bu alanda geleneksel sabit
katsay1r yaklasimlarina kiyasla daha fiziksel gercek¢i bir siirtiinme modeli sunarak Onemli avantajlar

saglamaktadir.

TriboForm modiilii, sac sekillendirme simiilasyonlarinda siirtiinme davranisini daha gergekei bir sekilde
modelleyerek, geleneksel sabit katsay1 yaklasimlarma gore dnemli avantajlar sunmaktadir. Bu modiil, yiizey
puriizliliigii, yaglama tiirii, basing, sicaklik ve kayma hiz1 gibi degiskenleri dikkate alarak, malzeme ve takim

yiizeylerinin sekillendirme siirecindeki etkilesimlerini daha dogru bir sekilde temsil eder.

Standart simiilasyonlarda kullanilan sabit siirtlinme katsayisi, sekillendirme sirasinda yiizeylerin dinamik
kosullarda gosterdigi degisken siirtiinme davranisini yansitamaz. Bu durum, malzeme akisi, geri esneme ve
sekil bozukluklarinin tahmininde sapmalara yol agar. Diger yandan, TriboForm modiilii, kenar catlagi, geri
esneme ve burkulma gibi sekil kusurlarin1 daha hassas bir sekilde dngorerek, tiretim hatalarinin 6nceden tespit

edilmesini amagclar.
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AutoForm'un TriboForm modiilii, otomotiv sektoriinde karmasik geometrilere sahip pargalarin

iiretiminde yaygin olarak kullanilmaktadir. Bu modiil, hafifletilmis yapilarin tasarimi, kalip dmriiniin uzatilmast

ve yeni malzemelerin degerlendirilmesi gibi konularda 6nemli avantajlar sunar.

TriboForm, iiretim siireclerinde daha detayl1 analizler yapilmasini saglayarak optimizasyon ¢aligmalarini
hizlandirir. Ancak diisiik karmasikliktaki sekillendirme siireclerinde triboformsuz simiilasyonlar da uygun
maliyetli bir alternatif olabilir. Uretimdeki siirtiinme katsayis1 hala arastirilan konular arasinda yer almaktadir.

Bu ¢alismada, basit bir model olusturularak triboformun etkisi arastirilmistir.
Anahtar kelimeler: TriboForm, Siirtiinme, Sac Sekillendirme Simiilasyonu, Triboformsuz Yaklasim
TRIBOFORM AND NON-TRIBOFORM APPROACHES IN SHEET METAL FORMING

SIMULATIONS
Abstract

The design and production of sheet metal parts with complex geometries is an indispensable part of
today's manufacturing processes, especially in the automotive industry. In order to optimise these processes and
reduce production costs, sheet metal forming simulations are frequently preferred. In order for the simulations
to give realistic results, it is of great importance that parameters such as friction and lubrication are modelled
accurately. The TriboForm module of AutoForm software provides significant advantages in this area by
providing a more physically realistic friction model compared to traditional constant coefficient approaches.

The TriboForm module offers significant advantages over traditional constant coefficient approaches by
modelling friction behaviour more realistically in sheet metal forming simulations. This module more
accurately represents the interactions of material and tool surfaces in the forming process, taking into account
variables such as surface roughness, lubrication type, pressure, temperature and sliding speed.

The constant coefficient of friction used in standard simulations cannot reflect the variable frictional
behaviour of surfaces under dynamic conditions during forming. This leads to deviations in the prediction of
material flow, springback and deformations. The TriboForm module, on the other hand, aims to detect
manufacturing defects in advance by more precisely predicting shape defects such as edge cracking, springback
and buckling.
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AutoForm's TriboForm module is widely used in the automotive industry for the production of parts

with complex geometries. This module offers significant advantages in designing lightweight structures,

extending mould life and evaluating new materials.

TriboForm accelerates optimisation efforts by enabling more detailed analysis of production processes.
However, for low-complexity forming processes, simulations without triboform can also be a cost-effective
alternative. The coefficient of friction in production is still a subject of research. In this study, the effect of
triboform was investigated by creating a simple model.

Keywords: TriboForm, Friction, Sheet Metal Forming Simulation, Non-Triboform Approach.
1. INTRODUCTION

The quality of the parts obtained in sheet metal forming processes is directly dependent on the tribological
interactions and friction conditions that occur during forming. These interactions are determined by the
tribological system, which consists of factors such as the type of sheet material, coating and tool material used,
lubrication and process conditions. Despite the critical importance of friction in this process, current sheet metal
forming simulations do not model friction effects in sufficient detail. These simulations, usually using a
constant (Coulomb) coefficient of friction, do not accurately reflect the complex friction behavior under real
production conditions, limiting the accuracy of the simulations (De Carvalho, 2022; Lachmayer, 2022; Sigvant,
2018a).

Triboform stands out as a software and approach that enables more realistic modeling of tribological effects in
sheet metal forming simulations. While in traditional simulations the coefficient of friction is usually assumed
to be constant, Triboform uses a variable coefficient of friction depending on parameters such as surface
roughness, lubrication conditions, contact between tool and material, and temperature. This dynamic approach
models the microscopic contact areas between the sheet metal surface and the mold surface in detail and
provides more accurate simulation results. It is widely used in complex processes such as the forming of
aluminum, steel and composite materials, especially in the automotive industry. Triboform also provides an
effective solution for evaluating the performance of surface lubrication and lubricant types (Nielsen, 2017;
Shafiee Sabet, 2021).

1. INTERNATIONAL TRANSYLVANIA SCIENTIFIC RESEARCHES AND INNOVATION CONGRESS,
14-15, DECEMBER 2024, ROMANIA
https://www.wosconkongreleri.com/

394



https://www.wosconkongreleri.com/

REFERENCES

Bolay, C., Essig, P., Kaminsky, C., Hol, J., Naegele, P., & Schmidt, R. (2019). Friction modelling in sheet metal
forming simulations for aluminium body parts at Daimler AG. I0P Conference Series: Materials Science and
Engineering, 651(1). https://doi.org/10.1088/1757-899X/651/1/012104

Carvalho, L. A., & Lukacs, Z. (2022). The role of friction in the sheet metal forming numerical simulation. IOP
Conference Series: Materials Science and Engineering, 1246(1), 012021. https://doi.org/10.1088/1757-
899x/1246/1/012021

De Carvalho, L. A., & Lukacs, Z. (2022). Application of enhanced coulomb models and virtual tribology in a
practical study. Pollack Periodica, 17(3), 19-23. https://doi.org/10.1556/606.2022.00582

Gliner, A., Hol, J., Venema, J., Sigvant, M., Dobrowolski, F., Komodromos, A., & Tekkaya, A. E. (2021).
Application of an Advanced Friction Model in Hot Stamping Simulations: A Numerical and Experimental
Investigation of an A-Pillar Reinforcement Panel from Volvo Cars. IOP Conference Series: Materials Science
and Engineering, 1157(1), 012020. https://doi.org/10.1088/1757-899x/1157/1/012020

Hol, J., Wiebenga, J. H., & Carleer, B. (2017a). Friction and lubrication modelling in sheet metal forming:
Influence of lubrication amount, tool roughness and sheet coating on product quality. Journal of Physics:
Conference Series, 896(1). https://doi.org/10.1088/1742-6596/896/1/012026

Hol, J., Wiebenga, J. H., & Carleer, B. (2017b). Friction and lubrication modelling in sheet metal forming:
Influence of lubrication amount, tool roughness and sheet coating on product quality. Journal of Physics:
Conference Series, 896(1). https://doi.org/10.1088/1742-6596/896/1/012026

Lachmayer, R., Behrens, B. A., Ehlers, T., Miiller, P., Althaus, P., Oel, M., Farahmand, E., Gembarski, P. C.,
Wester, H., & Hiibner, S. (2022). Process-Integrated Lubrication in Sheet Metal Forming. Journal of
Manufacturing and Materials Processing, 6(5). https://doi.org/10.3390/jmmp6050121

Leocata, S., Senner, T., Reith, H., & Brosius, A. (2020). Experimental analysis and modeling of friction in sheet
metal forming considering the influence of drawbeads. International Journal of Advanced Manufacturing
Technology, 106(9-10), 4011-4021. https://doi.org/10.1007/s00170-019-04847-z

Nielsen, C. V., & Bay, N. (2017). Overview of friction modelling in metal forming processes. Procedia
Engineering, 207, 2257-2262. https://doi.org/10.1016/j.proeng.2017.10.991

Shafiee Sabet, A., Domitner, J., Oksiiz, K. I., Hodzi¢, E., Torres, H., Rodriguez Ripoll, M., & Sommitsch, C.
(2021). Tribological investigations on aluminum alloys at different contact conditions for simulation of deep
drawing Processes. Journal of Manufacturing Processes, 68, 546-557.
https://doi.org/10.1016/j.jmapro.2021.05.050

Sigvant, M., Pilthammar, J., Hol, J., Wiebenga, J. H., Chezan, T., Carleer, B., & Van Den Boogaard, A. H.
(2018a). Friction in Sheet Metal Forming: Forming Simulations of Dies in Try-Out. Journal of Physics:
Conference Series, 1063(1). https://doi.org/10.1088/1742-6596/1063/1/012134

Sigvant, M., Pilthammar, J., Hol, J., Wiebenga, J. H., Chezan, T., Carleer, B., & Van Den Boogaard, A. H.
(2018b). Friction in Sheet Metal Forming Simulations: Modelling of New Sheet Metal Coatings and Lubricants.
IOP Conference Series: Materials Science and Engineering, 418(1). https://doi.org/10.1088/1757-
899X/418/1/012093

Sigvant, M., Pilthammar, J., Hol, J., Wiebenga, J. H., Chezan, T., Carleer, B., & van den Boogaard, T. (2019).
Friction in sheet metal forming: Influence of surface roughness and strain rate on sheet metal forming
simulation results. Procedia Manufacturing, 29, 512-519. https://doi.org/10.1016/j.promfg.2019.02.169

1. INTERNATIONAL TRANSYLVANIA SCIENTIFIC RESEARCHES AND INNOVATION CONGRESS,
14-15, DECEMBER 2024, ROMANIA
https://www.wosconkongreleri.com/

401



https://www.wosconkongreleri.com/

