FEA Thermal Simulation for Heatsinks using Fusion

My pretty FEA results should be worth an art credit.
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Today’s lesson is sponsored by Diggerland in West Berlin, NJ

CONSTRUCTION THEME &
WATER PARK

(856) 393-5962
100 Pinedge Drive
West Berlin, NJ 08091

LET THE FUN
START!

Drive, ride and operate real machinery at the ONLY
construction theme & water park in the U.S. Located in West
Berlin, NJ,

BUY YOUR TICKETS!
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Setting Fusion Preferences

X - if this is your first time using Fusion open Preferences by clicking on the

) m top right icon and selecting Perferences

Autodesk Account

Preferences
Wy Profile
ECQ Share Feedback

@ Sign Out

- in the General section select Fusion Classic for the Theme and Z up for Default modelling orientation

ﬂ Preferences

Preferences controlling general Ul behavior

l > General |

Material - — User language English | English w
> Graphics If Fusion Classic is no longer an

Network . . . . Theme Fusion Classic v

Data Collection and Use option, this setting can be skipped. —

. . graphlcs driver Auto-select 4

> Unit and Value Display
> Default Units Ofine cache time period (days) 15 S

Preview Features . _ =

Compatibility & Troubleshooting Customize My Fusion page Design v

Default design type  Design
Show Home tab at startup [
Create new shortcuts when updating Fusion ]
Automatic version on close [_]

Automatic recovery backup interval (minutes) 5

4|

[ Default modeling orientation 7 up

- in the Default Units section select Design and change the Default units to in and Mass to ouncemass
- click the bottom right Apply button and then the OK button

E Preferences

> General Preferences that sets default units used in new documents
Tokens & Cloud Credits
Material | Default units for new design  in ] v
> Graphics
Netwark Length in

Data Collection and Use

> Unit and Value Displa [Mass ouncemass l
~ Default Units
Design

Manuftacture
Simulation and Generative Design

= O % - click on the x to close the project, which will start a new

project. This is done to allow new Preferences to be applied
A
)+ S©e1reo ! to the new proiect.




Starting a Design in Fusion

- open Fusion. Ifthere is no icon on the Desktop, use the Windows search (magnifying glass icon) and type fusion
- from top File icon select Save and name the file.

Use your name followed by _Heatsink-Baseline e.g. JoeBarbetta_ Heatsink-Baseline (note the use of the
underscore)

- in the left "BROWSER" click the arrow next to Document Settings
- click on the editicon that appears tg
:in, ouncemass and click OK. You can also enable Set as Default if it is not grayed

e left when you hover over Units
- ensure Active Unit§ are set to Uni

out.
SURFACE MESH SHEET METAL PLASTI
[ — O—m 1
DESIGN ~ -T (= @ | ‘-- Y , -L’
” [j E—R 4
CREATE ~ MODIFY *
«4 BROWSER e @ CHANGEACTIVE UNITS
4 oA JoeBarbetta_ Heatsii\k-Baselin... @ Unit System inch (in), ouncema... -
4 LF Document Settings
Q_ Units: in, ouncemass z
e Change Active Units
b < @l Origin <

Cancel




Creating a Component for the Heatsink

- right-click on the project name and select New Component
«« BROWSER ®
FPRRXCN I | JoeBarbetta Heatsink-Baselint... IO

4 -ﬁ- Document Settings E',' New Component

[ Create Drawing Creates a new interna
in the assembly.

Q, Units: in, ouncemass

roo a1 it VA = Create Selection Set

- for the Name enter your first name and last name initial followed by “_Heatsink”, e.g. “JoeB_Heatsink”
- click OK

@ NEW COMPONENT

Type u ~ &

External/internal  ¢4? n

Name JoeB_Heatsink

From Bodies O

Farent k- 1 selected BN

Name JoeBarbetta_Heatsink-Baseline v1

Activate ~

(i ] oK Cancel

- select Create Sketch and click on the front rhombus

SOLID SURFACE SH SHEET METAL PLASTIC MANAGE UTILI
; — O—m
— EWEOCNEOUP BT
AN —a O E
CREATE~ MODIFY = ASSEMBLE » Ct
+ BROWSER =]
e ¥
4 ©® [ JoeBarbetta Heatsink-Baseline v1 N
!
a4 ¥¥ Document Settings \”‘\‘sji
L Units: in, ouncemass \‘\‘j‘g

> Bl MNamed Views
> & @l Origin
a
ol J JoeB_Heatsink:1 U] - Select a plane or planar face
b < @l Origin

.
I Y



Setting User Parameters

- from the MODIFY menu, select Change Parameters

SOLID SURFACE MESH SHEET METAL PI
DESIGN ~ S @ ('\_;' AB i/, (= ,/'\J
CREATE~
" Fillet
+ BROWSER -
Chamfer 3
4 © [ JoeBarbetta Heatsink-Baseline v1 ~J Biend Curve
4 ¥¥ Document Settings T Offset
L Units: in, ouncemass ¥, Trim T
— _* Extend
[> Bl Named Views l
L |- Break
= Origin
D — | sketen scale
4 © JoeB_Heatsink:1 U] !i! Move/Cop) M
D < gl Orgin Jr Change Parameters | :

d © g Sketches

P

g Profile |

- if awindow appears about Parametric Text, click its OK button
- click the +icon
- for Name enter Heatsin

th, for Expression enter 3, and click OK

3 B

@ Automatic Compute

Comments

PARAMETERS
Jr S Filter all parameters ‘ +1|'s B
Favorites
Name HeatsinkWidth
f:ﬂ: User Parameters
D Model Parameters Unit in v

L -

Expression 3

Value 3.00

Enter Comment

Comment

[ ] I 0K I Cancel
’_




- use the +icon again to add the following Names and Expressions

HeatsinkLength 2
HeatsinkHeight 1
HeatsinkBaseThickness 0.1
HeatsinkFinBaseThickness 0.06
HeatsinkFinTopThickness 0.05

- use the +icon again to add a parameter name of HeatsinkFinHeight. For its Expression follow these steps.
- type h and select HeatsinkHeight

- as shown on the right side picture, type - h (note the minus sign) and then select HeatsinkBaseThickness

Note that Fusion presents functions, such as cosh (hyperbolic cosine), which can also be part of an
Expression. Wouldn’tit be neat to use a hyperbolic trigonometric function? That would be slay!

Add User Parameter X Add User Parameter X
Value Value
Mame HeatsinkFinHeight Name HeatsinkFinHeight
Unit in * | B.oo Unit in * | B.oo
. 2.00
Expression h Expression l HeatsinkHeight - h | B
LOa —_100
Value HeatsinkBaseThickness 0.10 in Value . HeatsinkBaseThickness 0.10 in
HeatsinkFinBaseThickness 0.06 in HeatsinkFinBaseThickness 0.06 in I
HeatsinkFinTipThickness 0.05 in HeatsinkFinTipThickness 0.05 il \E’:'“E 0.10 '('
: ression:
Lo HeatsinkHeight 1.00 in Comment HeatsinkHeight 1.00 in =
HeatsinkLength 2.00 in i i
- - g . Value: 1.00 i HeatsinkLength 2.00 in
o \ HeatsinkWidth 3.00 in Expression: o HeatsinkWidth 3.00 in
Jx cosh Function I | Jr cosh Function

The Expression will look like that below. Note that some of the expression will not fit in the box.
- click OK

Add User Parameter X
Name HeatsinkFinHeight
Unit in g

Expression nkHeight - HeatsinkBaseThickness|

Value 0.90

Enter Comment

Comment

i ] 0K Cancel




- use the +icon again to add one last parameter name of HeatsinkFinCount with a value of 15.
- change the Unit to No Units

- click OK

| Add User Parameter

Mame
| Unit
Expression

| Value

Comment

k=

Mo Units

e ———

HeatsinkFinCount

EJ—

15

15

Enter Comment |

OK

Cancel

b

- verify the Parameters. One can click on a Name or Expression to edit a Parameter. One can also selecta

Parameter and click on the Delete icon to remove it from the list.

- click OK
PARAMETERS
fr ff;_ +w Filter all parameters ‘ + S B @ Automatic Compute
Parameter Name Unit Expression Value
Favorites
hd _f?: User Parameters
=7 User Parameter HeatsinkWidth n 31in 3.00
<> User Parameter HeatsinkLength n 21n 2.00
¢ User Parameter HeatsinkHeight n 1in 1.00
<z User Parameter HeatsinkBaseThickness n 0.11n 0.10
=% User Parameter HeatsinkFinBaseThickness in 0.061n 0.06
<'v User Parameter HeatsinkFinTipThickness n 0.051n 0.05
+f User Parameter HeatsinkFinHeight in HeatsinkHeight - HeatsinkBaseThickness 0.90
<7 User Parameter HeatsinkFinCount 15 15
v D Model Parameters
> @ JoeBarbetta_H..
> D JoeB_Heatsink




-zoom in to achieve a view similar to that below. Not the values on the axes. Itis OK if the values show on the

other half of the axes.
- select the Rectangle tool and click on the point indicated by the arrow. The position is not critical, but it

must be on the axis.

SOLID SURFACE MESH SHEET METAL PLASTIC MANAGE UTILITIES SKETCH
DESIGN + ) | @ f\_) AB | %a C(: f\«’ i I_ O\ L‘__L @‘_ —
CREATE v MODIFY v CONSTRAINTS v CONFIGURE™  INSPECT v
« BROWSER ®

4 @ [ .JoeBarbetta_Heatsink-Baseline v1
4 ﬁ Document Settings
L1 units: in, ouncemass

> Bl Named Views
b & @l Orgin
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D <& @l Origin

4 ® [l Skefches

© |__.a'. Profile

10
Q@

25
15

¥
T

Place first corner

0.5

- drag the other corner up and to the right and click at another point without entering values. Here the
rectangle is shown as 2.000 by 0.300, but these values are not impoNant.

+4 BROWSER -]
4 @ [5 JoeBarbetta_Heatsink-Baseline vl ()
4 $F Document Settings
[ units: in, ouncemass
b Bl Named Views
D <& [l Crigin
a © ®
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4 © [ Skeiches

@ |4 Profie . . ' +H
0 10 Specify siz
o o ) 3 <
" i al e I -

- 2.000 in -



- at the bottom of the CREATE menu, select Sketch Dimension

DESIGN ~

«« BROWSER

4 © 5
a £ Docume
2 unit

> @l Named
P & M o
. o FIT
P & M
4da © |
Lo s

JoeBa

|25

SOLID

CREATE~

. Line

Rectangle
Circle
Arc
Polygon
7 Ellipse
Slot
Spline
/™ Conic Curve
+ Point

A Text

SURFACE

UTILITIES SKETCH

l—+]
e

MESH SHEET METAL PLASTIC MANAGE

MODIFY ~ CONSTRAINTS » CONFIGURE * INSPECT *

v v v v

w

/], Mirror
2.2 Circular Pattern

o~ Rectangular Pattern

B

Project / Include

w
-1
05

| Sketch Dimension

- click on the bottom edge of the rectangle

05

2.p0

&

-type hin the value box and select HeatsinkWidth. Note that the rectangle may not be centered on the origin

anymore, which

is OK.

-05

i

HeatsinkBaseThickness 0.10 in
HeatsinkFinCount 15 unitless
HeatsinkFinThickness 0.05 in
HeatsinkHeight 1.00 in
Heatsinklength 2.00 in

HeatsinkWidth 3.00 in




- from the CREATE menu, select Sketch Dimension again
- click on the left side of the rectangle
- type hin the value box and select HeatsinkBaseThickness

| :
1 uj:
HeatsinkBaseThickness 0.10 in } 6o =
s - —
HeatsinkFinCount 15 unitless Value: 0.10 in
HeatsinkFinThickness 0.05 in Expression: 0.1 in
o . fx: 3.00
HeatsinkHeight 1.00 in
HeatsinkLength 2.00 in
HeatsinkWidth 3.00 in
i
- from the CONSTRAINTS menu, select MidPoint
SOLID SURFACE MESH SHEET METAL PLASTIC MANAGE uTIL
DESIGN + ~ i -~ N | _E 3| | [
SOQNA|TEEN IE L
CREATE~ MODIFY = COMSTRAINTS * C
« BROWSER ° [I&, AutoConstrain
[}, AutoConstrain from datum
4 © Lb JoeBarbetta_Heatsink-Baseline vi () 1 HorizontalVertical
A 'ﬁ Document Settings |_ Caoincident
L3 units: in, ouncemass (> Tangent
b Bl Named Views = Equal
< Parallel

S i
D & mll Origin ¢ Perpendicular
FRRCN J JoeB Heatsink:1 U] & Fix/UnFix
D <& @Ml Origin /\ MidPoint :

Py "
—_ = _ 0 M eneantrie

- click on the bottom edge of the rectangle

2 0 ==
e all ? P ==

fx: 3.00 Select sketch objects or




- click on the Origin.

= 10 =
of <l ? & =
&< -

Select other geometries
1A, 20U

- the rectangle should now be centered horizontally on the Origin.

+ o FECXTTIEN ©
P & Ml Orgin
4 © jJll Skeiches

The rectangle should jump to the left or right to be centered horizontally on the Origin.

i

Projected Geometries

@ 4 Profie
o o of [l - R P |
‘ fx: 3.00
[ =1
- zoom into the left end of the rectangle
- click on the Construction line icon to highlight it blue
- select the Line tool and click on the top left corner of theyectangle
SOLID SURFACE MESH SHEET METAL STIC MANAGE UTILITIES SKETCH
DESIGN ~ S -/ N | | L b
EWoo~NN T YeEn~ L O dE
CREATE v MODIFY v TS~ CONFIGURE * INS
«« BROWSER e
4 @ [ JoeBarbetta Heatsink-BaselineV.. () ¥ Options
4 -ﬁ Document Settings Linetype . -
Units: in, ouncemass
b ' Look At
> B Named Views
b < il Origin Sketch Grid ]
a® ® snap @
P & @Ml Origin Slice O
4 @ [l Sketches @
Profile
g profie | |
[ I Points ]
Dimensions ]
Place first point
Constraints ]
v
“

-1.5

Construction Geometries
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- extend the line to the right, type h, and select HeatsinkFinBaseThickness, and press the Enter key

Slice
Profile

Points

Dimensions

£ H Constraints

Projected G

HeatsinkBaseThickness 0.10 in

HeatsinkFinBaseThickness 0.06 in

-1.5

ructior

HeatsinkFinCount 30 unitless
HeatsinkFinHeight 0.90 in Express

Value: (

- select the Line tool again
- move over the line just created and click when the blue triangle appears, which indicates the center point

Slice

Profile

> Points

| Dimensions
Place first point

g ‘}x Constraints
fx: 0.06
Projected G

Constructiol

-1.5

- extend the line upward, type h, use the arrow key to select HeatsinkFinHeight, and press the Enter key

-] @ SKETCH PALETTE

I ‘ —— | ¥ Options
Linetype E {4

Look At

1]

90.0 deg

Sketch Grid

Snap
HeatsinkBaseThickness 0.10 in

HeatsinkFinBaseThickness 0.06 in Slice

&
¥
¥
O

HeatsinkFinCount 30 unitless @
¥
¥
¥
v
“

Profile
: HeatsinkFinHeight 0.90 in :
— HeatsinkFinTipThickness 0.05 in L Points
HeatsinkHeight 1.00 in
HeatsinklLength 2.00 in
HeatsinkWidth 3.00 in Constraints

I Projected Geometries

Dimensions

To]
N Construction Geometries




- click on the Construction line icon to remove the blue highlighting

- hold down the mousewh®el button (or select the Hand icon at the bottom of the Fusion screen) and pan the
ted

- select the Line tool and click on a pol

view to the top of the line just ¢
to the right of the line endpoint
- extend the line to the right, type h,/use the
Enter key

ow key to select HeatsinkFinTipThickness, and press the

eV () ¥ Options

=g

Linetype

l'_J'

Look At

[l

h Sketch Grid

HeatsinkBaseThickness 0.10 in
HeatsinkFinBaseThickness 0.06 in
HeatsinkFinCount 30 unitless
HeatsinkFinHeight 0.90 in
HeatsinkFinTipThickness 0.05 in .
HeatsinkHeight 1.00 in Value: 0.05 in
HeatsinkLength 2.00 in Expression: 0.05 in

O 08 ®

____________________.

- from the CONSTRAINTS menu select MidPoint

- click on the line just created and then click on the circle at the top of the vertical line. This should cause
the line to jump to becolge centered horizontall the vertical line, as the next picture shows.

- press the Esc key

-] @ SKETCH PALETTE
eV () ¥ Options
] ci) ‘ Linetype =
i Select other geometries Look At =
i fx: 0.05 Sketch Grid ¥
: Snap ¥l
1




#f 0.05

l 2
0.900 in =]
Y ] - -
A< .cla &
~ Specify next point
1
fx[ 0.05
|
0.900 in

06(? X3

Specify next point

- zoom out to access the lines just created

- select the Line tool and click on the left end of the
top horizontal line segment

- extend the line downward and click on the left end of
the bottom horizontal line segment. No value will be
entered.

/ Line start point

/.

Zoomed in view of top

Line end point
/ P

/

Zoomed in view of bottom

- select the Line tool again and click on the right end
of the top horizontal line segment

- extend the line downward and click on the right end
of the bottom horizontal line segment. No value will
be entered.

/ Line start point

/

ad

Zoomed in view of top

Line end point

/

L7

Zoomed in view of bottom



This is the result of the recent line operations. This is a profile for a fin. It should be automatically filled in with

a light blue color.
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-zoom out to view the entire heat sink base and fin

+4 BROWSER
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a L¥ Document Settings
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b @M Named Views
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- fromt the CREATE menu, select Rectangular Pattern

[
= N - & Iy JoeBarbe...sure
SOLID SURFACE MESH

DESIGN ~ o1 @ (.\'; AB
T ——

<« BROWSER - oLine -
Rectangle >
4 © [ JoeBa Circle »
A -ﬁ Documd Arc »
Q Unit! Polygon >
b Bl Named " Ellipse
= Slot >
P & M o Spline >
4 © /™ Conic Curve
D <& @l |+ Point
a © i |ATex
® I /], Mirror
52 Circular Pattern
- Rectangular Pattern I :
Drniart | Inrluda 9

- double-click on one of the solid lines of the fin to highlight them blue

- click on the horizontal blue arrow

- for Distance type h and sdlect HeatsinkWidth

- type a minus sign followed by h and select HeatsinkFinBaseThickness, as shown in the next picture

«« BROWSER
© RECTANGULAR PATTERN

Objects k. 4 selected [ °

Direction/s [y Select

(D]

4 © [h JoeBarbetta_Heatsink-Baseline

a T¥ Document Settings

L5 units: in, ouncemass v
D @l Named Views Distribution |1 Extent - .
> & @M Ongn Suppression [ n
«a © .
— = ® \0.05 Quantity 3 = Sk
P <& pll Origin
4 © M 5595, y panee st
|
© m | Direction HeatsinkBaseThickness 0.10 in &
I HeatsinkFinBaseThickness 0.06 in
Quantity L ]
5 I HeatsinkFinCount 15 unitless Pr
D Distance HeatsinkFinHeight 0.90 in -
HeatsinkFinTipThickness 0.05 in
Direction o ) )
: HeatsinkHeight 1.00 in Dii
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- as mentioned above previous picture

<« BROWSER

4 © [} JoeBarbetta Heatsink-Baseline v ()

4 %¥ Document Settings

L2 units: in, ouncemass

D B Named Views
b & @l Orgin

+ o FIETTTIEN ©
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4 © g, Sket
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o x
Direction/s [} Select
Distribution [ Extent -
Suppression  [J
fx: 0.05 Quantity 3 =
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" [
| Direction HeatsinkBaseThickness 0.10 in
I HeatsinkFinBaseThickness 0.06 in
Quantity —r= .
=0 HeatsinkFinCount 15 unitles: )
1 o ) Value: 0.06 in
@ Distance HeatsinkFinHeight 0.90 in Expression: 0.06 in =
} HeatsinkFinTipThickness 0.05 in
Direction ) . .
: HeatsinkHeight 1.00 in
- 0.08 | o HeatsinkLength 2.00 in
x: 0.00 i}/ HeatsinkWidth 3.00 in
ki = 0

0

- in the Quantity box, type h, and select HeatsinkFinCount

- click OK
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This should be the result of the Pattern Operation.
The last fin on the right should be even with the base, as shown in the inset picture.
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- from the MODIFY menu, select Change Parameters

- click on the Expression for HeatsinkFinCount and double its value. Here 15 was changed to 30.

- click OK
PARAMETERS
ﬁr fr:_ + Filter all parameters | + 'i i S B @ Automatic Compute
[ Parameter Name ” Unit I Expression Value
Favorites
v ﬁ User Parameters
<> User Parameter HeatsinkWidth in 3in 3.00
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<> User Parameter HeatsinkFinBaseThickness in 0.061n 0.06
<t User Parameter HeatsinkFinTipThickness in 0.051n 0.05
<t User Parameter HeatsinkFinHeight in HeatsinkHeight - HeatsinkBaseThickness 0.90
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- yell “Dude, that’s a lot of fins!”
- click Finish Sketch

The reason for doubling the fin count is to allow changes to the HeatsinkFinCount Parameter to affect the

number of fins for the final extruded heatsink.
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- click on the Home icon at the View Cube
- zoom to achieve a view similar to this, where the entire profile is visible.
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Extruding the Heat Sink

- select the Extrude tool
- drag a selection rectangle around the entire profile
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- change Direction to Symmetric
- inthe Distance box type h and select HeatsinkLength
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- after HeatsinkLength is selected in the Distance box type /2 after it to divide the value by 2.
- click OK
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- from the MODIFY menu, select Change Parameters
- click on the Expression for HeatsinkFinCount and change the value back to 15

- click OK
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The heat sink should now show with 15 fins.
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Setting the Material

By default Fusion sets a body to steel. The great majority of heatsinks are made of aluminum and in particular
an alloy of aluminum designated as 6063. Note that 6061 is a very common alloy of aluminum. 6063 is similar,
but it has higher thermal conductivity and is easier to extrude (not the Fusion extrude, but the extrusion
manufacturing method. 6063 is not as strong as 6061, however, for a heatsink strength has a much lower
priority compared to its thermal properties.

- right-click on the heatsink Component name and select Physical Material
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- scroll down to the Metal folder and click on it
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- sroll down to Aluminum 6061
- dragits iconinto the top In This Design section next to the existing icon
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Library.
.
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Li ]

Close

- right-click on the new icon and select Duplicate
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- right-click on the newest icon and select Edit
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- select the 6061 (1) text and change it to 6063-T5
- click Advanced...

Aluminum [SEENEH Aluminum 6063-T5
Density 1.561 ouncemass / in"3 |3 Density 1.561 ouncemass / in*3 |3
Advanced. .. Advanced...
Done Done

- click on the Physical tab and change the Basic Thermal properties to

Thermal Conductivity 2.090E+02
Specific Heat 0.900
Thermal Expansion Coefficient 23.400

- click on the Appearance tab next

B Material Editor
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The -T5 suffix indicates the
temper of the aluminum due
to heat treatment. Note that
6061 typically has a -T6
temper.

For our static thermal
simulation, we only need
Thermal Conductivity,
however, we may as well set
the 2 others.



| Basic colors

- click on the Appearance tab

- click on the drop-down menu button and select Edit Color...
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¥ Parameters

Color RGB 245 245 246
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» [ Relief Pattern (Bump)

—
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¥ Color

Image

Edit Color...

- change the Reg, Green, and Blue values to 80, which will result in a dark gray, and click OK
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Pick Screen Color
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Add to Custom Colors
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Cancel

Heatsinks are often anodized
black to increase the emissivity
(closerto 1) to provide more
effective radiational cooling.
However, anodizing the
aluminum results in a high
emissivity, even ifitisn’t dyed
and remains as the natural
aluminum color.

As far as the Fusion simulation,
an emissivity value is entered as
avalue. Setting the color here is
just for aesthetics.

- click on OK at the bottom of the Material Editor window. Ifitis grayed out, click Cancel.

&5
+
=

Cancel




-the color of the heat sink should darken. Click Close
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Creating the CPU Component

- click on the circle at the right of the Project Name to activate it

- right-click on the ject Name and select New Component
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- use the View Cube to rotate the view to access the underside of the heat sink
- select Create Sketch and click on the underside of the heat sink
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- from the CREATE menu, select Rectangle and Center Rectangle
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- click on the Origin and extend the rectangle down and to the right
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- click on the eye icon for the Heatsink Component to hide it
- select the Fillet tgol. Ifitis not visible, find it in the MODIFY menu.
- click on the endg of the 2 lines near the bottom left corner
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- click Finish Sketch
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- select the Extrude tool and click on the interior of the rectangular region
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- right-click on the CPU Component name and select Physical Material
- scroll down in the Metal folder to Copper and drag its icon onto the CPU
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- click on the eye icon for the Heatsink Component to make it visible again
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Creating the PCB (Printed Circuit Board)

- click on the circle for the Project Name to activate it
- right-click on the
“_PCB” e.g.JoeB_PCB

«« BROWSER

e and select New Component and name the component with your name followed by
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- from the CREATE menu, select Rectangle and Center Rectangle

- click on the Origin and extend the rectangle outward and set both dimensions to 1.75
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- click Finish Sketch and adjust the view to that shown below
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- right-click on the CPU Component name and select Physical Material
- scroll down to the Electronics folder and click on it
- drag the FR4 icon onto the PCB and click Close

© PHYSICAL MATERIAL

¥ In This Design

iseline vi £

v Library

Library Fusion Material Library v
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B8 Electronics

Discrete Component
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(i ] Close

The PCB now shows as green.

Note that a PCB (Printed Circuit Board) would be much larger. It thickness would be the same, but it would
cover a much larger area to support many other electronic components. A small section is added to represent
the PCB.
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- change the Workspace from DESIGN to SIMULATION

SOLID SURFACE MESH SHEET METAL PLASTIC
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SIMULATION Simulation Workspace
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-yell “Dude, that’s a lot of simulations!”
- select Thermal and click the bottom right Create Study
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- click on the arrows for Model Components and Study Materials to open these folders
e Heatsink Component and select Properties

- right-clickon t

- note the Physgigal properties shown. Area is surface area shown here in in2. Click OK to close this window.
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- at the bottom of the BROWSER, right-click on Mesh and select Generate Mesh

Whenever design changes are made to the hegAsink, such as changing fin count, or any dimension of the
heatsink, a new mesh must be generated.
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Applying a Thermal Load for Internal Heat

- click on the FRONT face of the View Cube to achieve the below view
- from the LOADS menu select Thermal Loads
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- click on the CPU

- setthe Heat Load to 10.00 W (Watts) and click OK

- click on the eye icons for the CPU and PCB to hide them
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Applying a Thermal Load for Convection

- from the LOADS menu select Thermal Loads and set the Type to Convection
© THERMAL LOADS

I.,‘ l ﬁ I I v Geometries
’ i | ‘ ;ib i | Bodies
| ‘ Selectallfaces 99
Selections Selections v
v Load
Type &5 Convection v
(i} % | | cancel |

- click onthe Select all faces icon to highlight it and click anywhere on the heatsink

- set the Convection Value to 6.5 and the Ambient Temperature value to 25
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OK Cancel |

- turn the View Cube to access the bottom of the heat sink
- click on the Select all faces icon to remove the highlighting and click on the bottom surface and click OK
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Cancel
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Applying a Thermal Load for Radiation

It should be noted that the steps used here will select all the faces except the interior fin surfaces. This may
seem odd at first, but the radiation emitted by an interior fin surface will be absorbed by the opposite fin
surface. If all the faces were selected, the simulation would not account for this. It will assume that every face
will be emitting radiation away from the heat sink.

- from the LOADS menu select Thermal Loads and set the Type to Radiation
- drag the selection rectangle over the tops of the fins, which should result in the tops turning blue
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- drag the selection rectangle over the bottoms of the fins, which should result in the bottoms of the spaces
between fins turning blue
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- click on the front of the base and the 2 rectangles at the end
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- use the View Cube to rotate the view to access the back of the heat sink. Note the View Cube here.
- click on the rear of the base and the 2 rectangles at the end.
- set the Emissiyity to 0.85 and the Ambient Tégperature to 25

i o085 \ X5.00C
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Simplifying the Simulation

In many application, the Simplify options will simplify the model by allowing one to remove features that are
not needed for the simulation. One will note that the simplify tools are essentially design tools and will create
a new model only used for the simulation. In our case, we will be adding a small block that we can setto an
ambient temperature to act as a reference for the coloring of the temperatures.

- from the top SIMPLIFY menu, select Simplify

SIMULATION ~

MATERIALS *

+« BROWSER

- select Create Sketch and click on the front of the heat sink

SIMPLIFY SOLID sIMPLIRY SURFACE
r—="
SIMULATION ~ &‘*J’ i] |ﬁ X f” k> |l LN
L/ X L@ — \j AY
CREATE ¥ modyFY * CONSTRUCT * INSPECT * SELECT *
<« BROWSER )
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4 [y simulation Models
« o [EEITITITEE ® '
L3 units: in, ouncemass '
> Bl Named Views
b <& [l Orgin
> @M Model Components

25

NI l | [ A\ ‘
! : Select a plane or planar face



- select the Rectangle tool and create a small rectangle under the PCB that is 0.200 wide by 0.100 high. The
position is not critical and neither are the dimensions. Itis small so that many mesh elements won’t be

allocated to it.

SIMPLIFY SOLID SIMPLIFY SURFACE SXETCH
SIMULATION i ' N i f—
| | NN NTE L A @YX Y =l
REATE * MODIFY » AUTOMATE » CONSTRAINTS v INSPECT »
« BROWSER o o

4 [y simulation Models
PPN e Simuiaion ocel [0
L2 units: in, ouncemass
» Bl Named Views
P & Ml Origin
> @M Model Components

zl

S|
gL~

1

- select the Extrude tool
- if the small rectangle does not highlight blue, click on it
- set the Distance t0 0.10, and click OK and click on FINISH SIMPLIFY

SIMPLIFY SOLID SIMPLIFY SURFACE
SIMULATION ~ &"ﬁ [ II =X It {” b LN LN
et x[9 e N
CREATE Y MODIFY ~ CONSTRUCT~ | INSPECT ~ SELECT v
« BROWSER o

4 [y simulation Models

PR3 Fs__simulation Model 1_[U

© EXTRUDE

L2 units: in, ouncemass
D> @M Named Views 2 . 7 - - . Type g ||
D & Ml Origin ‘ i 1 I ’ Profiles X 1selected [
D @M Model Components
Start b Profile Plane v
Direction 7! One Side v
Extent Type H Distance v

Distance

TaperAngle 0.0 deg

Operation [ New Body -

(i ] l OK l Cancel




- from the LOADS menu select Thermal Loads and set the Type to Applied Temperature

- @ THERMAL LOADS

¥ Geometries

Object Type (@) |

Selections Selections v

w Load

Type &= Applied Temperat... »
'_—_—,_, (i ] Cancel

Select location(s) for load (only bodies).

- select the Body icon for Object Type and click on the small block that was just created

- set the Temperature Value to 25 and click OK
I

- @ THERMAL LOADS

¥ Geometries

Bodies k1 Body S

Object Type m | iv l

Selections Selections -
¥ Load
Type &2 Applied Temp... =

Temperature Val..| 25100 C

Change Units [

i ] OK

- right-click on Mesh and select Generate Mesh

.

Convection1 Computes a mesh for your simulation model
based on settings specified. Automatic contacts
are generated first.

|

Radiation1

il

©
©
©

.

Applied Tempe..
Your computer will be used to perform the

compute process.

il

= Contyets

45))

A

[ Generate Mesh

Cancel



Solving the Simulation and Waiting, Waiting, Waiting...

- from the top SOLVE menu, select Solve

°L I

MANAGE ~ SOLVE~ l ANSYS
[8] Pre-check
pr—

= Solve :

-=| Job Status

[ Generate Mesh

@ solve Details

- click on the bottom Solve 1 Study. A simulation like this typically completes in about 2 minutes.

Solve “ lira message about Cloud Credits
opens, there are two options.
Show -
1) Transfer V-Bucks or Robox funds
Study  Name Model Status Cloud Credits to Autodesk
B Study 1 - Thermal SimulatModel 1 Ready 3 2) from the top-right person icon of
the Fusion screen, select
Preferences. Select Tokens &
Cloud Credits on the left and for
o Close Simulation tasks select Education.
& preferences X
> _Geperal L Token & Cloud Credit preferences
| Tokens & Cloud Credits |
Material
» Graphics Task Account to use
Network
Data Collection and Use
> Unit and \f.‘_alue Display [ Education " ]
» Default Units

Preview Features
Compatibility & Troubleshooting
Generative Design tasks AVEXP3K2Z3EP 2

Restore Defaults @ Apply Cancel




This screen will open to report the progress of the solve.

FEA simulations are computationally intensive and your project is sent to Autodesk servers in the “cloud”. The
number crunching is performed on their servers.

- when the simulation is finished, click Close

Job Status X
Data Simulations Generative Designs Drawing Automation Project Transfer
hd ,@-, Study 1 - Thermal JoeBarb.. aseline  Simulation Model 1 | 5% Cancel
Sending Complete
Solving... | 1%
Close

- when this message shows, click on the X to close it. Sometimes clicking on View Results does nothing.

[ Job Succeeded X lL___ }
i Study: Study 1 - Thermal in k
SOLV Document: JoeBarbetta FEA- SELECT
Mug has finished successfully.
View Results



Viewing Simulation Results

- click on the RESULTS icon and wait for the

& (B =

SOLVE~ ANSYS v RESULTS v INSPECT »

animation, shown on the right, to complete

SELECT *

- enjoy the neat “data from the cloud” animation

Fetching your results...

This may take a few moments.

| S}

Autodesk uses Amazon Web Services, which has a major data
center in Virginia. Your simulation likely ran on a computerin
this building and the results are sent in pulses of light over
fiber optics to our school.

Amazon AWS Data Center in Ashburn Virginia




- from the INSPECT menu, select Min/Max Probes

RESULTS
SIMULATION + n_ B B
DISPLAY

STUDY v

COMPARE ~ MANAGE »

BROWSER

SOLVER DATA v

e
2D PLOTS ~ REPORT ~

£ 1 Min/Max Probes

o] fo_smuatonvodel 1 U
D -
/Bl v+ [ Study 1- Thermal

> o CIESEZE ©

Model Components

Temperature
[ Heat Flux

[> Thermal Gradient

- from the INSPECT menu, select Surface Probes

) Point Probes
) Surface Probes
@ Cutting Planes

- click on the points indicated and click OK. These points will provide the temperature of the base above the

CPU, at the top of the center fin, and at the top of a sid

e fin.

Note the Min and Max values. The Min will just be the ambient temperature. The Max will be the maximum

temperature, which will be that of the CPU.

Surface probe points

56.606°C

Max=57.298°C
(x:=0.002 y:=0.071 2:-0.125)

55.004°C

o IR
SURFACE PROBE
Targets k 3 selected X -
oK Cancel
44,379

37.919



This is the result of the simulation without the ambient temperature block. This looks much more worthy of an
art credit. However, it may lead one to think that the exterior fins are cold, whereas they only about 2 degrees
cooler than the hotest temperature and would be very hot to the touch.

£¥ Temperature (°C)

I 56.606°C 55.004°C
Min=54.976 37.298 |:>. Max

56.834

26.369

T 9h5

ID:b4l

Max=57.298°C

(x:-0.002 y:-0.071 z:-0.125)
54976 — Min

- click Finish Results in the upper right corner of the Fusion screen



Viewing Load Case Attributes

- from the MANAGE menu, select Load Case Attributes

This a convenient way to view the various Thermal Loads and including a screenshot in a report will document
the termal loads used for a simulation.

2 % A% 8 2 G

LOADS ~ CONTACTS + DISPLAY ~ SOLVE~ AMNSYS ¥ RESULTS »
[=] settings E
7] Load Case Attributes |
[ Local Mesh Control

Adaptive Mesh Refinement

e

@ LOAD CASEATTRIBUTES

Loads
N
Type Name Magnitude Status
O Internal Heat Internal Heat1 10.00 W Attached
O Convection Convection 2500 C 650 W/ (m*2K) Attached
o Radiation Radiation 25.00 C; 0.85 Attached
& | Applied ... Applied Temperature2 25.00 C Attached
\ J
Constraints
Type Name Magnitude Status
[ ] Close

- click on the arrow for Loads

One can uncheck boxes to suppress loads. However, only either Convection or Radiation can be suppresed
without causing an error. One can also click the Editicon (pencil) to change the settings.

Chod ™ Load Case1 U

E L0 % Loads

© 2

© &i3% Radiation

NEEE

© i Applied Tempe..
o= Contacts
& Bg Mesh



Deliverables

1) screenshot of your simulation with both Convection and Radiational cooling
2) screenshot of your simulation with only Convection cooling

3) screenshot of your Load Case Attributes



