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Welcome to Marc 2018

Recent industry demands are a leading force for engineers to deliver higher quality 
products with faster turnaround time. 

Marc 2018 can remarkably help overcome some of these industry challenges by 
enabling early assessment of hyperplastic materials, efficient management of multi-
level assemblies, and accurate simulation of induction heating problems.

For more details on this release, please visit https://mscsoftware.subscribenet.com 
for the release guide. Several examples are also available in Marc’s documentation 
to help you use these capabilities.

Thank you for your continued support of Marc.

Marc Product Team
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Contact Analysis Enhancements

Automatic Contact Table Detection

Contact modeling of large assemblies that consist of multiple components 
is often a complicated and time consuming task that requires an in-depth 
understanding of the load path, contact conditions, and contact body 
interactions. 

Marc and Mentat 2018 provide a new Automatic Contact Detection method 
that enables engineers to easily generate or modify Contact Tables based 
on the physical proximity of parts. The search process starts based on a 
user defined or automatic contact tolerance. If the distance between a body 
pair is found to be within the tolerance, the corresponding entry is added/
replaced in the Contact Table, and a default Contact Interaction is assigned. 
This efficient process makes it much easier to manage, add or replace 
Contact Table entries.

STL-Based Geometric Bodies

Marc 2018 can now use faceted (STL) surfaces, directly in a contact 
analysis to define geometric contact bodies. STL is a CAD format that 
describes only the surface geometry of a 3D object using triangular shapes. 
With the new 2018 version, one can import STL triangles as a single 
faceted surface and assign that triangular face to a geometric contact body. 
Similarly Parasolid faces can be used as faceted surfaces. This option 
allows Marc to internally use a smothered surface algorithm (similar to what 
is already available for deformable bodies), resulting in an improved fidelity 
in rigid contact body definition.

Workflow Improvements for Manufacturing 
Processes that Involve Multiphysics        
Simulations  

Implementation of symmetry planes and cyclic symmetry

Induction heating is an advanced manufacturing process that involves 
the interaction of stresses, temperatures, and electromagnetic properties 
of materials. Therefore, a fully coupled simulation becomes necessary 
to capture the complete microstructural evolution of materials during 
the induction heating process, a physical phenomenon that cannot be 
visualized. 
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Improvements Simulation Workflows for                
Hyperelastic Materials

Ogden-Roxburgh Damage Model for Rubber simulations 

Rubber type materials are extensively used within major industries. Some 
examples include rubber seals for oil industries or gaskets for automotive 
applications. Studies have shown that hyperplastic materials exhibit irreversible 
degradation in their mechanical properties when subjected to cyclic loads. This 
phenomenon, often referred to as the Mullins effect, is most prominent during 
the first couple of loading cycles and can significantly impact the in-service 
performance of the structure.  

Marc 2018 provides an additional damage model (Ogden-Roxburgh) to 
accurately and efficiently capture the complex behavior of rubber materials 
under cyclic loading. This new damage model is the preferred method for 
many engineers based on their own individual experience and institutional IP. 
Moreover it provides additional flexibility in fitting experimental data. 

Calculation of the self-generating heat from vibrational loading of      
viscoelastic materials

Over the years engineers have used viscoelastic rubber materials as shock 
absorbers or dampers to minimize the vibrational effects in vehicles. During 
cyclic loading of these bodies, mechanical energy is released in forms of heat, 
resulting in a temperature increase which in turn leads to irreversible degradation 
in physical properties of the materials. Long-term material degradation of 
viscoelastic rubbers can affect the operational performance of structures to a 
large extent.  

To address this issue, Marc 2018 provides a coupled sequential simulation 
workflow to calculate the self-generating heat from vibrational loading of 
viscoelastic rubbers. Utilizing the new version of Marc, engineers can expand 
their simulation process beyond mechanical stresses to account for the thermo-
mechanical properties of hyperplastic materials. This is easily done though a 
harmonic load case to calculate the associated viscous energy dissipation 
followed by a thermal load case to calculate the temperature evolution of a 
viscoelastic rubber component.

Harmonic stresses and temperature results of a typical damper model are shown 

The Parasolid sheet body (left) is converted into a faceted surface (right)



These simulations models are often defined with 3D elements and require 
calculation of both the structure and the surrounding medium. Marc has 
been an industry leader in providing simulations to model the complex 
scenarios of induction welding and heat treating. Given these conditions, 
taking advantage of symmetry can largely reduce the number of nodes and 
thus enable users to run the 3D models a lot faster. 

The new release of Marc 2018, extends its capabilities to support both 
symmetric and anti-symmetric boundary conditions for multiphysics 
problems that involve magnetic properties. Additionally, Cyclic Symmetry 
is available for both coupled and sequential models. To further improve 
this functionality, Marc 2018 provides support of magnetic properties in 
simulations that involve phase transformation of metals. All these options 
help users improve their efficiency by cutting the model size down and 
reducing the analysis time. The image below shows a typical application 
for induction heating of gears. Using cyclic symmetry model scope was 
reduced from 18 teeth to 1 and further reduced to half by axial symmetry. 

Localized Convergence Control Options   

Nonlinear FE analysis requires deeper insight into the model as it uses 
complex math that involves manipulation of large matrices and nonlinear 
equations. As such, the decision to define the best settings for the nonlinear 
iteration process is very important and can affect the quality of results. Marc 
2018 has a new convergence control method that verifies equilibrium on a 
per node basis. The idea is that for each node the nodal force contributions 
(results of internal element forces, contact forces, external loads, etc.) are 
monitored, and the maximum force is compared with the residual force.

The new method provides three options for the nodal equilibrium check 
(mild, standard, strong) giving users more control over the convergence 
condition. The localized convergence check is designed to improve 
efficiency by reducing the number of increments while increasing the 
accuracy of results. As seen in the figure, analysis results have improved 
with the new Nodal Equilibrium Checks.   
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Interoperability with Other FEA Solvers  

Design of complex models requires a complete start to finish process that is 
often reliant on sharing common model data across different solvers. Marc 
2018 has significant improvements to allow streamlined interfaces with MSC 
Nastran and Abaqus. With 2018, one can easily translate Abaqus models to 
Marc for additional flexibility. The improvements in the MSC Nastran interface 
are mainly in the area of contact related options to expand the data sharing 
process between linear and nonlinear models. 

Improved Bolt and Spring Modeling

Modeling connections and fasteners is a critical part of the design process 
that is often associated with tedious and time consuming steps. Marc 2018 
eliminates these limitations by providing an improved and efficient process 
that allows users to easily define a large number of bolts or springs at once. 
With the new approach, bolt tightening can support large rotations and 
displacements. The process starts by creation of bolts with continuum or 
beam elements in Mentat. Next, the solver will derive the bolt axis and lastly 
a control node is used to assign the bolt boundary conditions (pre-stressing 
or locking). The results file contains Global Variables for the Bolt Force and 
Lengthening to simplify post processing.

Similarly, Marc 2018 improves spring modeling by providing new 2-node 
elements for planar, axisymmetric and 3-D analyses models. The spring 
elements offer more flexibility when working with many springs. In Mentat, 
the spring properties are shown with Geometric Properties of type Link 
(Spring/Dashpot). A single geometric property can be used to define 
the property values of multiple spring elements. To further simplify post 
processing of results, Spring Forces and Spring Moments are available as 
element quantities. Finally, Marc 23018 provides a separate tool that converts 
conventional springs into new spring elements.
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Improved accuracy for total body force results due to implementation of Nodal 

Equilibrium checks


