
Received: 9 May 2019 Accepted: 20 June 2019

DOI: 10.1002/pamm.201900124

Motivating the development of a virtual process chain for sheet molding
compound composites

Johannes Görthofer1,∗, Nils Meyer2, Tarkes Dora Pallicity1, Ludwig Schöttl3, Anna Trauth3, Malte
Schemmann1, Martin Hohberg2,7, Pascal Pinter3, Peter Elsner3,4, Frank Henning2,4, Andrew Hrymak5,
Thomas Seelig6, Kay Weidenmann3, Luise Kärger2, and Thomas Böhlke1

1 Institute of Engineering Mechanics, Karlsruhe Institute of Technology (KIT), Germany
2 Institute of Vehicle System Technology, Karlsruhe Institute of Technology (KIT), Germany
3 Institute for Applied Materials - Materials Science and Engineering, Karlsruhe Institute of Technology (KIT), Germany
4 Fraunhofer Institute for Chemical Technology, Pfinztal, Germany
5 Department of Chemical and Biochemical Engineering, Western University (UWO), London, Canada
6 Institute of Mechanics, Department of Civil Engineering, Geo and Environmental Sciences, Karlsruhe Institute of

Technology (KIT), Germany
7 SIMUTENCE, virtual composite solutions, Karlsruhe, Germany

This contribution presents a physical process chain and the corresponding virtual process chain for sheet molding compound
(SMC) composites. Here, focus lies on the physical process chain as a motivation for the virtual process chain as discussed in
the authors’ publication [1]. The key steps of the virtual process chain are the identification of initial and boundary conditions,
the compression molding simulation, the mapping of data and the structural simulation. The so established virtual process
chain is validated via experimental investigations on a demonstrator structure. Both, the predicted results of the compression
molding simulation, as well as the results of the structural simulation are in good accordance with the experiments.
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1 Introduction

SMC composites, as representatives of fiber reinforced polymers, stand out due to their high specific stiffness and strength,
comparatively low manufacturing costs, and the high freedom of design. Complex parts with, e.g., integrated ribs, beads or
similar features can be manufactured [2]. SMC parts are produced via a compression molding process [3]. To simplify the
development and testing of new parts a virtual process chain is of high advantage. This digital twin of the physical process
chain increases the flexibility of part adjustments as well as the optimization of physical manufacturing processes. In order
to establish a suitable and sophisticated virtual process chain, which is also able to correctly predict the structural behavior
of the produced part, the physical process chain needs to be analyzed and understood in detail. Figure 1 (top) shows the

Fig. 1: Physical and virtual process chain for SMC composites. (Interface micro CT scan performed at Fraunhofer IWM [4].)

physical process chain schematically. We summarize the preforming of the initial material components, the compression
molding, subsequent machining processes and the quality assurance under the research area Technology. The research area
Characterization combines experimental testing, computer tomography and microscale investigations such as interface anal-
ysis. Figure 1 (bottom) shows the corresponding steps of the virtual process chain. Here, the research area Design consists
of the initial concept finding of the part, as well as optimization and flow computations of the manufacturing process. The
research area Simulation covers all simulative aspects from the curing to the prediction of the structural behavior, including,
e.g., microstructural information and damage evolution.
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2 of 2 Section 3: Damage and fracture mechanics

2 Key aspects

When we focus on the key aspects of the process chains, we remain with the steps as shown in Figure 2(a). The compression
molding process and the resulting fiber orientation (FO) in the part strongly depend on the initial and boundary conditions.
This microstructural composition influences machining processes and especially the structural performance during testing or
application. The corresponding virtual process chain needs initial conditions and boundary conditions based on the initial

Fig. 2: (a) Key steps of the physical and virtual process chain for SMC composites, (b) measured and simulated force-displacement curves
of demonstrator reference point due to cyclic four-point bending.

charge and the compression molding process as an input. The computed data, such as the FO, is subsequently mapped from
the molding simulation to the stuctural simulation in order to seamlessly take the data into account in the chain. The structural
simulation can then be used to predict the effective stiffness, damage and performance of the part. The predicted effective
behavior can be validated via the comparison of the strain field ε, as well as force F and displacement u.

3 Application

In order to analyze the physical and virtual process chain we produced glass-fiber reinforced SMC demonstrator parts and
tested the structural behavior via cyclic four-point bending tests. We measured the force-displacement curve of a reference
point in the middle of the demonstrator, as indicated in Figure 2(b). We defined the virtual process chain accordingly. We use
a Coupled-Eulerian-Lagrangian approach for the flow simulation based on an anisotropic non-Newtonian fluid model [5]. The
FO is computed from Advani-Tucker and Jeffery’s equation. We transfer the data using a neutral Visualization Toolkit format
and the MPCCI MapLib library [6]. For the structural model we implemented an elastic-damageable mean-field approach [7].
The model can depict the leading SMC damage mechanisms, namely fiber-matrix interface debonding and matrix cracking.
Figure 2(b) shows the force-displacement curves of the demonstrator reference point. The dark green curve is the behavior
of a demonstrator that we also scanned via CT. The light green area is the experimental scatter of all conducted experiments.
The result using the FO from the scanned demonstrator is shown in yellow. The red curve is the computed behavior based
on the virtual process chain. These results already show that the structural behavior of the demonstrator can be predicted
quite accurately based on the virtual process chain. Experimental results and results based on CT scans can be reproduced
satisfactorily. A more detailed discussion on the topic can be found in [1]. An extension of the considered steps within the
virtual process chain can help to improve the accuracy.

Acknowledgements The research documented in this contribution has been funded by the German Research Foundation (DFG) within
the International Research Training Group "Integrated engineering of continuous-discontinuous long fiber reinforced polymer structures"
(GRK 2078). The support by the German Research Foundation (DFG) is gratefully acknowledged. The authors also gratefully acknowledge
the support of licenses for MapLib by Fraunhofer Institute for Algorithms and Scientific Computing.

References
[1] J. Görthofer, N. Meyer, T. D. Pallicity, L. Schöttl, A. Trauth, M. Schemmann, M. Hohberg, P. Pinter, P. Elsner, F. Henning, A. Hrymak,

T. Seelig, K. Weidenmann, L. Kärger and T. Böhlke, Compos. Part B Eng. 169, 133–147 (2019).
[2] M. Bruderick, D. Denton, M. Shinedling, and M. Kiesel, Proc. Second S.P.E. Automot. Compos. Conf. Exhib. (2002).
[3] A. N. Wilkinson and A. J. Ryan, Springer Netherlands, ISBN 0-7514-0363-6 (1998).
[4] M. Schober, J. Hohe and T. Kuboki, Proc. 7th GACM Col. Comp. Mech. (2017).
[5] M. Hohberg, L. Kärger, F. Henning, and A. Hrymak, Compos. Part A Appl. Sci. Manuf. 95, 110–117 (2017).
[6] K. Wolf, P. Bayrasy, C. Brodbeck, I. Kalmykov, A. Oeckerath, and N. Wirth, Sci. Comp. Alg. Ind. Sim., M. Griebel, A. Schüller, and

M. A. Schweitzer, Eds. Cham: Springer International Publishing, 135–151 (2017).
[7] M. Schemmann, J. Görthofer, T. Seelig, A. Hrymak, and T. Böhlke, Comp. Sci. Techn. 161, 143–158 (2018).

© 2019 The Authors Proceedings in Applied Mathematics & Mechanics published by Wiley-VCH Verlag GmbH & Co. KGaA Weinheim www.gamm-proceedings.com


