
Summary
The Simcenter 3D Aerostructure – 
Margin of Safety solution is composed 
of the Simcenter 3D Aerostructure 
Environment and Simcenter 3D Margin 
of Safety modules, and is run on 
Simcenter 3D Engineering Desktop or 
Simcenter 3D Structures. It enables you 
to streamline the structural sizing and 
assessment process from end to end.

The powerful geometry editing and 
meshing capabilities in Simcenter 3D 
Engineering Desktop are ideal for pre- 
and postprocessing models. Using 
Simcenter 3D, which is part of the 
Simcenter™ portfolio, simplifies the 
modeling process by integrating high-
end finite element modeling (FEM) tools 
with world-class geometry capabilities 
that assist you in developing analysis 
models faster than with traditional 
computer-aided engineering (CAE) 
preprocessors. Simcenter 3D Margin of 
Safety enables structural assessment 
with standard analytical methods and/or 
company methods.

Margin of safety assessment
In addition to the detailed finite element 
models approach, engineers can size 
aerostructure components using a library 
of analytical engineering methods. With 
the capability to generate stress reports 
using data and simulation results, engi-
neers benefit from a consistent and 
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Benefits
• Traceability for certification of an 

end-to-end integrated solution for 
aerostructure sizing

• Streamline the structure process from 
CAD, FE simulation and margin of 
safety calculations to reporting

• Scalable solution for embedding in-
house margin of safety methods as 
libraries

• Manage design changes efficiently 
with CAD/CAE associativity 

Features
• Use Simcenter 3D Margin of Safety 

calculation with standard and in-
house methods 

• Open to company-specific structural 
assessment processes and methods

• Reporting includes margin of safety 
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integrated global process, resulting in 
time savings over the full design cycle.

In the global context of an increasing 
amount of data and results to handle 
and share between teams, models, simu- 
lation results and tools can be managed 
and traced in Teamcenter® software.

Integrated margin of safety solution
• Dedicated preprocessing enables you 

to prepare margin of safety calcula-
tions for numerous load cases 
simultaneously, which is available in 
Simcenter 3D, a powerful finite ele-
ment pre-/postprocessing open 
environment. All load cases can be 
tagged with labels such as “limit” or 
”ultimate” to facilitate the partitioning 
of assessed failure criteria

• Dedicated postprocessing focuses on 
criticality of results, either from a 
global, failure mode or load case 
point of view

• Results can be browsed to assess 
structural integrity thanks to sortable 
and filterable tables

• Each method provides a log for 
detailed explanations of the 
assumptions

• On-model dedicated 3D display of 
margin values combined with the typ-
ical FE postprocessing display enables 
you to graphically locate the areas 
that need further design updates

Standard methods
Simcenter 3D Margin of Safety comes 
with typical engineering formulas from 
reference aerostructure handbooks, 
such as E.F. Bruhn’s, “Analysis and 
Design of Flight Vehicle Structures,” 
M.C.Y. Niu’s, “Airframe Stress Analysis 
and Sizing“, NACA technical notes, 
NASA technical memorandums, etc. 
Each method comes with detailed 
engineering documentation.

Ready-to-use methods:

• Comparison with allowable value

• In-plane maximum shear stress 
(Tresca) criterion 

• Curved panel under compressive 
loads

• Curved panel under shear loads

• Curved panel under combined loads

• Flat panel under bending loads

• Flat panel under compressive loads

• Flat panel under shear loads

• Flat panel under combined loads

• Bearing

• Bolt under bending loads

• Bolt under shear loads

• Bolt under combined loads

• Column buckling under eccentric 
loads

• Column buckling (Euler, Johnson-
Euler, or Engesser theory)

• Inter-rivet buckling (column or plate 
theory)

User-defined method
Simcenter 3D Margin of Safety lets the 
user manage libraries of in-house meth-
ods. The availability of analysis building 
blocks (for example, ready-to-use engi-
neering formulas, such as buckling and 
plasticity curves and out-of-the-box 
standard methods) enables users to 
save a large amount of time on method 
integration.

A wide range of complex data, from 
pure model-agnostic engineering for-
mulas to methods taking into account 
geometry and topology of the underly-
ing mesh, can be integrated. This 
enables the end user to take advantage 
of standard methods, as well as addi-
tionally integrated in-house methods. 
All are seamlessly accessible from the 
graphical environment.

Methods can rely on existing Excel 
spreadsheet software and in-house 
tools or can be defined using program-
ming languages as scripts (VB, C#) or 
compiled libraries (C++, C#). An NX 
Open software license is required to 
build compiled libraries.

Methods for integrating and validating 
can be achieved with the end-user 
interface, providing highly efficient 
testing validation capabilities.

Associativity
To be able to speed up the assessment 
process, each margin of safety calcula-
tion can be linked associatively to the 
geometry (dimensions), the FEM results 
(internal loads) and the material proper-
ties. If the 3D model updates, no matter 
if it is at the computer-aided design 
(CAD) level (dimension changes) or at 
the mesh level (refined or coarser mesh, 
update of properties, etc.), the logic 
used to first create margin of safety 
calculations will replay automatically, 
thus saving a tremendous amount of 
time during each design iteration.

Nevertheless, to allow what-if scenarios, 
data (dimension, loads, material prop-
erty) can be entered directly by hand, 
instead of relying on an associative link. 

The combination of these behaviors 
provide the engineer with the full range 
of sizing and assessment scenarios 
within the same 3D environment.

Internal loads
The loads associativity enables a unique 
update capability. The internal loads can 
be directly extracted from the FEM 
results. All native results that are avail-
able in FE postprocessing are available 
for Simcenter™ Nastran® software 
solution 101 and MSC Nastran solution 
101. Several postprocessing tools pro-
vide the means to get the most benefit 
from these internal loads:

• Combination: load cases can be lin-
early combined

• Idealization at FE level: advanced com-
binations (such as partial norms) of 
internal loads can be performed

• Load extraction through free-body 
evaluation (i.e. integration of nodal 
loads)

Once idealized and/or combined, all 
these loads are available seamlessly to 
compute margins of safety.
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With higher level idealized loads, the 
engineer can aggregate values from a 
set of finite elements or nodes to con-
firm either conservatism (taking the 
value with the highest magnitude) or to 
smooth local modeling phenomena 
(taking an average mean value, filtering 
stress peaks, etc.).

Geometry
The margin of safety calculation relies 
on dimensions directly taken from CAD 
without changing the working environ-
ment. If the FEM model contains 1D 
elements, their profile section are also 
directly available to complete the graph-
ical measurement, and get the most 
benefit from a model. On top on this, a 
geometrical update will result in auto-
matically updating the mesh, FE results 
and the margins of safety assessment.

Material properties
Material properties (such as allowable 
stress values) can be also associatively 
referenced. During the design cycle, if a 
material is changed or if some allowable 
values are refined through further 
testing, the assessment will take into 
account the up-to-date values automati-
cally. This both saves a lot of time as 
well as secures the traceability of the 
material properties used in the simula-
tion process.

Reporting
A detailed stress report can be gener-
ated in Microsoft Word format from the 
Simcenter 3D Margin of Safety result 
and the associated finite element analy-
sis. The template is composed of 
keywords, and thus can be tailored to fit 
company best practices. The template 
can include user textual feedback, 
snapshots, summary tables, etc.

Template

Generated report:  
result table

Supported hardware/operating 
systems
The Simcenter 3D Aerostructure 
Environment and Simcenter 3D Margin 
of Safety come as add-on modules in 
the Simcenter portfolio. They require a 
license for Simcenter Engineering 
Desktop or Simcenter Structures. They 
are available on all hardware/operating 
system (OS) platforms that support 
Simcenter.
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