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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.
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Topology
Optimization:

Overall nesting order

Topology
Optimization

Runs and displays
optimization

FE Model
Contains all of the FE
Components and Connectors

Objective

Chooses what design response
to minimize or maximize during
optimization

Constraints

Sets limitations on the
design based on geometry
and design responses

FE Components

Contain mesh and mat. property
info for individual parts

FE Connectors
Connects different FE
Components

Weights

Applies weighting factors to
multiple objectives

Design
Responses

Defines properties of
the optimized part

Geometric
Constraints

Sets rules for the
geometry of part

FE Mesh

with linear or quadratic
elements

FE Attributes

or all elements in the
component. Also defines

Volume, beam, or shell mesh

Material properties for some

what kind of elements (shell,

beam, solid)

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

Structural Bonded Contact

different FE Components

Boundary
Conditions

Contains all of the boundary
conditions of the simulation.

Controls stiffness in connection between

Load(s)

Applies forces on

specified elements

Mesh

Triangular surface mesh

Volume Mesh

3D Tet elements

Materials

Define material properties,
either isotropic or orthotropic

Material
Properties

Young's Modulus,
Poisson’s ratio

Boundary
Elements

Selects element
from a mesh

Restraint(s)

Specifies displacement
for specified elements



—@ Topology Optimization
Settings FAQ

Explained in Intro to Design Analysis

FE Model
Contains all of the FE
Components and Connectors

X Topology Optimization

¥ Model Objective
£ Objective: ' Chooses what design response to
w | v Constraints: Optimization Con...  Optimization .. minimize or maximize during optimization
® o
23 Max iterations: 200 Constraints
SR iRt SaloR) 0.0005 Sets limitations on the design
1 Min density change:  0.01 . based on geometry and design
responses

~ Boundary penalty: 0.5

Save increment: 1
= Filter size:

- Initial density:



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

—@ Optimization Objective
Multiple Objectives FAQ

¥ Top Opt - Objective

Specify the optimization objective. Here, we are

The ObjeCtlve Of thIS topology going to minimize the structural compliance (i.e.,
maximize stiffness).
optimization is to maximize stiffness v |~ optimization Objecti_.  Optimization Objec..

N 8 5 = Goal: Minimize
(aka minimize compliance)
W |5V Responses: Design Responsel.. |
W | 3B 0: Structural Compliance Response
W |Id]v Load case: Boundary Conditio.. Boundar

& o | Force x

(S | Fixed Restraint x

* Region:

2.1 Weights:

nTopoIogy PROPRIETARY INFORMATION DO NOT SHARE
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https://support.ntopology.com/hc/en-us/articles/360048490094

® Optimization Constraints

Primary Constraints

Defines properties of the optimized part Sets rules for the geometry of the optimized part

Passive Region

Overhang

Extrusion

Symmetry

Pattern Repetition via Cell Map
o Rectangular
o Spherical
o Cylindrical

e Design Response

nfopology
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Example of Constraints in nTop




Primary

Design Response Constraint

W Top Opt - Constraints

Primary constraint

A defined design response drives B —— -
the TOpOpt I’eSUlt, fOF exampl.e W | 3 Response: Volume Fraction Response Design Respon.. @
Volume Fraction ® Region:

= Type: Less than

0.1 Value: |Vo|ume Fraction X

The only optimization constraint for this example will
be a simple volume fraction constraint. Specify the
volume fraction response and then add it to a set of
optimization constraint list.

0.1 v Volume Fraction 2

o]
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Secondary Secondary constraint - Type 1: Passive

v | B Define Passive Region Passive Region Co..
L] L] L]
P R C t t b4 [ﬁ* Region: FE Region by Body
assive Region Constrain = T—
Entity: Cells
" Body: Boolean Union Implicit Body_21
= Blend type: Rounded

A defined FE region that is (@ Blend racius: 0

S Bodies: Offset Body (3)

maintained and unaltered during the v | Body: mutiply )~

. . o b4 ='§. Operand A: Implicit Body f
optimization process ® CAD body:

0.1 Tolerance:
f-(: Operand B:
((_: Distance: Passive Region ... X
Reverse:

0.1 Tolerance: 0.001
I 0.1 v Passive Region Offset 3mm
|-=mv Restrained Faces | Restrained Fac... X
> |-=mv Loaded Face CAD Face List (1)

[V PassiveFaces Concatenate Lists (3)

= List1: |Restrained Faces X
= List2: |Loaded Face X
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Secondary

Secondary constraint - Type 2: Overhang

Overhang Constrai nt w | XD'v Define Overhang Overhang Constraint BETA

w | /" Build direction: Rotat... Any_0 (0.00,0.7431

v /'. Object: Vector Vector_1 (0.00,1.00, 0.0
0.1 X:
0.1 Y:
A defined maximum overhang angle S
as per manufacturing guidelines i AcAation ceine
/' Axis:
0. Angle:
| Max angle: Subtract v result 0 45.
0.1 Operand A: 90deg
0.1 Operand B: 45deg
W |:A v Support boundaries: FE Bo.. FE Boundary Ji..
w | A 0: FEBoundary by Flood Fill FE Boundary.4 @ O
L Mesh: FE Mesh X
= Entity: Faces v
-g- Origin: 0 -38.08° 12750 mm
0.1 Angle: 45 deg
/‘ Direction:
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Secondary

EXt r u S i O n CO n St rai nt Secondary constraint - Type 3: Extrusion

w | 3D~ Define Extrusion Extrusion Constraint 7
w | A Curve: Curve from Control Points Curve 0 @ O
A defined extrusion profile along the T ”f"gf“" o o (_24)5 0 I'SLU@ Q
direction of a specified curve, b1 45 0 100
creates a TopOpt result to have a
consistent profile for manufacturing v | @ ExtrudedPart Extrude Profile

v ‘é Profile: Section Body
@ Body: |Top0pt4 X

W | &2 Plane: Plane from Normal

-o- Origin:
/‘ Normal:
0. Distance:

/‘ Direction:
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Secondary

Planar Symmetry Constraint

A defined plane creates a symmetric
TopOpt result with the same density

Secondary constraint - Type 4: Symmetry

w | v Define Planar Symm... Planar Symmetry C... (2]
on e|ther S|de W |2V Planes: Plane List (1) Planelist.0 + @ O

W | & 0: Plane from Normal Plane 0 @ O

-a- Origin: 0 mm

Normal: 0
L
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Secondary

Pattern Repetition

v :f‘]v CellMap Cylindrical Cell Map BETA

CO n St rai nt @& Volume: i | designspace X

0.1 Cell radius: 150
. 0.1 Cell height: 60
A defined cell map (rectangular, 55 rocoum g

b Ia&. Frame: Frame Frame 0 @ O

cylindrical, or spherical), creates a
TopOpt result with a chosen
symmetry, for instance a radial
symmetry such as in this wheel

|0-lv Feature size 2mm mm @

¥ Top Opt - constraints
4 IX}" Constraint_1 Design Response Constraint

Use Cell Map in Pattern Repetition Constraint

w | B! Constraint.2 Pattern Repetition Constraint BETA o

3 Cell map: | cell Map x
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