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Today’s Session

1. Review the process of setting up and running simple topology 
optimization using the required blocks in nTopology

2. Learn how to run a topology optimization with multiple load cases 
and constraints

3. Understand how to apply geometric constraints such as planar 
symmetry, passive region, and overhang constraints.



Topology 
Optimization
Runs and displays 
optimization

FE Components
Contain mesh and mat. property 
info for individual parts

FE Model
Contains all of the FE 
Components and Connectors

FE Connectors
Connects different FE 
Components

FE Attributes
Material properties for some 
or all elements in the  
component

FE Mesh
Volume, beam, or shell mesh 
with linear or quadratic 
elements

Mat. Properties
Elastic Modulus
Poisson’s Ratio

Structural Bonded Contact
Controls stiffness in connection between 
different FE Components

Tie Constraint
Ties together temperature 
between sets of nodes in 
different components

Boundary 
Conditions
Contains all of the boundary 
conditions of the simulation.

Load(s)
Applies forces on 
specified elements

Restraint(s)
Specifies displacement 
for specified elements

Boundary 
Elements
Selects element 
from a mesh

Objective
Chooses what design response 
to minimize or maximize during 
optimization

Constraints
Sets limitations on the 
design based on geometry 
and design responses

Weights
Applies weighting factors to 
multiple objectives

Geometric 
Constraints
Sets rules for the 
geometry of part

Design 
Responses
Defines properties of 
the optimized part

 

FE Components
Contain mesh and mat. property 
info for individual parts

FE Model
Contains all of the FE 
Components and Connectors

FE Connectors
Connects different FE 
Components

FE Attributes
Material properties for some 
or all elements in the  
component. Also defines 
what kind of elements (shell, 
beam, solid)

FE Mesh
Volume, beam, or shell mesh 
with linear or quadratic 
elements

Materials
Define material properties, 
either isotropic or orthotropic

Structural Bonded Contact
Controls stiffness in connection between 
different FE Components

Tie Constraint
Ties together temperature 
between sets of nodes in 
different components Material 

Properties
Young’s Modulus, 
Poisson’s ratio

Volume Mesh
3D Tet elements

Mesh
Triangular surface meshTopology 

Optimization: 
Overall nesting order



Simulation: 
Topology Optimization

Objective
Chooses what design response to 
minimize or maximize during optimization

Constraints
Sets limitations on the design 
based on geometry and design 
responses

FE Model
Contains all of the FE 
Components and Connectors

Explained in Intro to Design Analysis
Topology Optimization
Settings FAQ

https://support.ntopology.com/hc/en-us/articles/360048490154-Understanding-the-Topology-Optimization-settings
https://support.ntopology.com/hc/en-us/articles/360048490154-Understanding-the-Topology-Optimization-settings
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The objective of this topology 
optimization is to maximize stiffness 
(aka minimize compliance)

Optimization Objective
Multiple Objectives FAQ

https://support.ntopology.com/hc/en-us/articles/360048490094
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Primary Constraints
Defines properties of the optimized part

● Design Response

Secondary /Geometric Constraints
Sets rules for the geometry of the optimized part

● Passive Region
● Overhang
● Extrusion
● Symmetry
● Pattern Repetition via Cell Map

○ Rectangular
○ Spherical
○ Cylindrical

Optimization Constraints

https://support.ntopology.com/hc/en-us/articles/360048167613
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Example of Constraints in nTop
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A defined design response drives 
the TopOpt result, for example 
Volume Fraction

Design Response Constraint

Primary
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A defined FE region that is 
maintained and unaltered during the 
optimization process

Passive Region Constraint

Secondary
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A defined maximum overhang angle 
as per manufacturing guidelines

Overhang Constraint

Secondary
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A defined extrusion profile along the 
direction of a specified curve, 
creates a TopOpt result to have a 
consistent profile for manufacturing

Extrusion Constraint

Secondary
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A defined plane creates a symmetric 
TopOpt result with the same density 
on either side

Planar Symmetry Constraint

Secondary
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A defined cell map (rectangular, 
cylindrical, or spherical), creates a 
TopOpt result with a chosen 
symmetry, for instance a radial 
symmetry such as in this wheel 

Pattern Repetition 
Constraint

Secondary


