Follow Along: Running a Thermal Stress Analysis

Now that we've covered Thermal Analysis, let's walk through the process of setting up and
running a Thermal Stress Analysis.

We will begin by walking through the Thermal Analysis of the brake disc in the starter file.
Then, we will use the resulting Temperature Field to conduct a Thermal Stress Analysis of the
same part to see the Static Analysis results given the part’s loading and temperature
conditions.

Download the starter file to begin.

Step 1: Let's review the initial Thermal Analysis of the brake disc.

We will begin by creating an FE Model based on the Brake Disc Implicit body in the
Geometry section. We've Meshed the body, created a Volume Mesh, and converted to an
FE Volume Mesh.

FE Mesh

Note: For a thermal analysis, typically linear
geometric order of elements is acceptable,
however, since a thermal-stress analysis will be run,
quadratic geometric order was chosen for the FE
Mesh elernents.

> v FE Mesh Brake Disc  FE Volume Mesh
v .—_fI::, Discretization: Volume Mesh Vi
w |@ Domain: Mesh from Implicit Body v
¥ Body: | Brake Disc Impli..
| Tolerance: 2
I Min. feature size: 0.5
Sharpen: v
Simplify:
((= Edge length:

2
2

0.1 Growth rate:

‘= Geometric order: Quadratic

We've then created a variable from the Sample Materials in the Design Analysis tab.
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Sample Materials ~

) Al6061-T6

1 Al 7050-T7451
Al 7075T6

& AISi-10Mg

1 Inconel 625

“1 Inconel 718

@ Ti-6Al4V

3 Stainless Steel 316

Brake Disk Materials

— . - . - R
v Stainless Steel Stainless Steel 316

Then, we defined our boundaries and set boundary conditions for the model.
We start with Temperature Restraints (Braking Temp of 150C) on the outer faces of the
disc and Convection Boundary Loads (at Ambient Temp) on the inner faces.

I: Thermal Analysis (TA)

FE Boundaries
| & ~ FEBoundary_TA1 FE Boundary by Floo...
| & ~ FEBoundary_TA2 FE Boundary by Floo...
| & ~ FEBoundary_TA3 FE Boundary by Floo...

| & ~ FEBoundary_TA4 FE Boundary by Floo...

FE Loads

|‘—:|_.v FE Temperature_TA1 Temperature Res...

|r|" FE Temperature_TA2 Temperature Res...

| 4%~ FE Convection_TA1 Convection Bound...

| 4%~ FE Convection_TA2 Convection Bound...




We’'ll create an FE Solid Component for the FE Model—-this consists of the brake disc FE
Mesh and Stainless Steel. We’ll then add this and our Boundary Conditions to a Thermal
Analysis block. The analysis will run automatically.

¥~ FEModel TA FE Model
X Components: IFEComponent

Connectors:

{<]~ Boundary Condition.. Boundary (.
< o | FE Temperature...
= . | FE Temperature...

& 2 | FE Convection_...

I FE Convection_...

FE Analysis: This is a steady-state, linear thermal
analysis

z¥l~ Thermal Analysis Thermal Analysis
¢ Model: | FE Model_TA x
£2] Load case: I Boundary Condi...




Thermal Analysis

Thermal

Temperature

e X
Units: K

4.23151e+02
4.20234e+02
4.17318e+02
4.14402e+02
4.11485e+02
4.08569e+02

4.05653e+02

We can then pull the resulting Temperature Field from the Properties list in the Block
Details.

Information Properties Display Comment

Object Name: Thermal Analysis
Object Structure

v 2% | Thermal Analysis

dof count
element count

heat flux
iteration count

node count

temperature

thermal reaction flux




Step 2: Now, let’s use these results as an Applied Temperature Load in a Thermal Stress
Analysis.

Under the Thermal Stress Analysis section, drop a Static Analysis block from the
Simulation tab. Make this a variable called Thermal Stress Analysis.

&"’A@

Analysis «
#4 Static Analysis
M Modal Analysis
§ Buckling Analysis
L Thermal Analysis

) Homogenize Unit Cell

Step 3: Note that we cannot use the same FE Model as we did in the Thermal Analysis,
because we have not yet defined the thermal properties of our material.

Add an FE Model block with an FE Solid Component into the Notebook. Input the Brake
Disc mesh.

® FE Model
w |, v Components: FE Compone.. |
w |[§ 0: FESolid Component
5 Solid mesh:
v Material:
v J.‘, Material frame: Frame
o Origin:

A X axis:
o

2 Y axis:
7 Yaxis:

£~ Connectors:

Now, we need to create a material with defined thermal properties. Add an Isotropic
Material to the Material input, and make it a variable called Stainless Steel TSA. We will
need to apply both the linear elastic and thermal properties of Stainless Steel 316, as well
as its coefficient of thermal expansion.

Add two inputs to the Isotropic Material Properties, and pull the first two inputs from the
pre-defined stainless steel Properties list in the Block Details.



Information Properties Display Comment

Object Name: Stainless Steel

Object Structure

v @ | Stainless Steel

( density
o | linear elastic property
R | thermal expansion property

2| thermal property

When running a Thermal Stress Analysis, we also have to include the material’s Density
into the Component. Add this to the Isotropic Material block from the Properties list as
well.

Use an Isotropic Thermal Expansion block to define the coefficient of thermal expansion,
and use it as the third input in the Isotropic Material block.

(v Stainless Steel CTE Isotropic Thermal Exp...

(@ Alpha: 17.5e-6

9~ Stainless Steel TSA Isotropic Material
£ Properties: Isotropic Material .. [sotrg
s | Stainless Steel.l..

:.' -
"

I Stainless Steel.t.. X

o
A
i

| Stainless Steel ...

(@ Density: IStainIess Ste.. X mm>g

Now, we have finished defining our material and its properties. Add this material to the FE
Solid Component block.

X v FEComponent List_.. FE Compone...
w (|§ 0: FESolid Component
& Solid mesh: | FE Mesh Brake ...

o

“) Material: IStainIessSteeI - X

3 |.,-I, Material frame: Frame Frame_|




Add the Component to the FE Model block and make it into a variable called FE
Model _TSA.

"‘ ~ FEModel_TSA FE Model

;‘ Components: IFE Component ... *

- Connectors:

We have now completed our FE Model and can move on to creating our Boundary
Conditions.

Step 4: Let’s begin by defining the Initial Temperature Load. Add this block to the
Notebook, and set the Initial Temperature as the Ambient temp variable in the Inputs
section. Call this variable FE Initial Temperature.

4 ~ FE Initial Temperatu...  Initial Temperature

l: Initial Temperature: IAmbienttemp b

Next, add an Applied Temperature Load block and use the Temperature Field from the
Thermal Analysis as your input. Make this a variable called FE Applied Temperature.

4 ~ FE Applied Tempera..  Applied Temperatu...

F Applied Temperature: | Temperature Fi...

Then, add a Rotational Force block to model the expected rotation of the brake disc. For
the Region input, use an FE Boundary by Body block to select the entire Brake Disc
Implicit body. For Angular velocity, use the variable Disk Rot Speed.

4 v FEBody Force_TSA Rotational Force BETA
w | @& Region: FE Region by Body
& Mesh: | FE Mesh Brake .. x
= Entity: Cells
@ Body: | Brake Disc Impli... *
Reverse:
0.1 Tolerance: 0.001

b |7 Axis: Axis

0.1 Angular velocity: I Disk Rot Speed X

0.1 Angular acceleration: 0




To model the brake pressure, add Pressure blocks for both outer faces of the disc, using
the Braking Pressure variable as the Magnitude input. Make them variables, and call these two
Boundary Conditions FE Pressure_TSA1 and FE Pressure_TSA2.

J)v FE Pressure_TSA1 Pressure v

& Boundary: IFE Boundary_TA1 X

A O A
A R L3

(& Magnitude: | Braking Pressure x o SRR T R
A A N AT R
4.~ FEPressure TSA2 Pressure (v

& Boundary: | FE Boundary_TA2 x

(@ Magnitude: | Braking Pressure x

Next, restrain the six small holes and large center hole using Displacement Restraint
blocks. Use FE Boundary by Flood Fill blocks for Boundary inputs, and drag the gembal
to select desired surfaces. Leave all other inputs as 0. Make these seven blocks into
variables, naming them FE Restraint_TSA1 through FE Restraint TSA7.
+ ~ FERestraint_TSA1 Displacement Restr.
[ | & Boundary: FE Boundary by Flood... FFRc
0

0
0
0
0
0

s.—I -

Frame:
FE Restraint_TSA2 Displacement Restr...
FE Restraint_TSA3 Displacement Restr...

FE Restraint_TSA4 Displacement Restr...

FE Restraint_TSA5 Displacement Restr...

FE Restraint_TSA6 Displacement Restr...

FE Restraint_TSA7 Displacement Restr...




Add all of these Boundary Conditions to a Boundary Conditions List block. Make this into
a variable.

fa]v Boundary Condition.. Boundary Condi...

| FE Applied Tem..
| FE Restraint_Ts..
| FE Restraint_Ts..
| FE Restraint_Ts..
| FE Restraint_Ts..
| FE Restraint_Ts..
| FE Restraint_Ts..
| FE Initial Tempe... *
| FE Body Force_...
| FE Restraint_Ts..
I FE Pressure_T5...

[ O 3 Y Y B Y B Y A Y A Y AR Y A

| FE Pressure_TS...

Step 5: Add the Boundary Conditions List and FE Model to the Static Analysis block,
and it automatically runs.

=~ Thermal Stress Anal.. Static Analysis

¢ Model: | FE Model_TSA x

{2] Load case: I Boundary Condi... *




View the results in the window. We can see the Displacement, Strain, Stress, and Reaction
Forces from the thermal loading and other Boundary Conditions.

Thermal Stress Analysis

Static Analysis
Displacement
Total

Deformation scale

0

s X

Units: mm

— 3.82618e-01
3.18849e-01
2.55079e-01
1.91309e-01
1.27539e-01
6.37697e-02

0.00000e+00




