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Ansys Tutorial 3
Link — Design of Experiments



Overview

e Goal

- Showing Design Exploration DOE scenario, and creating
response charts

e Model Description

- The boundary conditions have been applied as shown here

Input parameters

- ds_cutout — geometry parameter

- Bearing load
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- Mass
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- Equivalent stress

- Total deformation



Project Startup

m View Tools Units Extensions Jobs Help

4 A
1. File>Restore Archive>Tut_3_Input_File !
2

[ L] New Ctrl+N :

[ Open... Ctrl+0 7 Q Engineering Data / 4
Iﬂ Save Ctrl+s 3 @’t Geometry v
3 saveas... 4 e Model v >

i) save toRepository 2. Verify all your input and output 5| @ setwp v 4

g ;"’e;'i"“‘“"f“‘:” t parameters by double clicking 2 , Solution v a

& Send Changes to Repository 7 Results i

&% GetChanges from Repository Pa ramEter Set 8 '[,P_J Paraméters

Transfer to Repository Status
Model, Environment

Manage Repository Project »
&} Manage Connections 4 : v
c Launch EKM Web Client... A B c D
gl Import.. 1 jin} Parameter Name Value Unit
@B archive... 1 2 | @ InputParameters [(pd Parameter Set
i Restore Archive... 3 = f& Static Structural (A1)
4 h P1 ds_cutout 5
I n p ut pa ra m Ete r 5 f)p P3 Bearing Load X Component 4000 N LI
* fp New input parameter New name New expression
7 = Output Parameters
3 B k& static Structural (A1)
9 pd P2 Solid Mass 0.17858 ka
10 pd P4 Equivalent Stress Maximum 109.44 MPa
Output pa ra mete 11 p—.i PS5 Total Deformation Maximum 0.013564 mm
12 pd P6 Equivalent Stress 2 Maximum | 36.88 MPa
* ﬂ New output parameter New expression
14 Charts

! ‘[’p"l Parameter Set X | gr— 3' SWitCh to PrOjeCt



Desigh Of Experiments study

IEI Design Exploration ’
&) Direct Optimization
Parameters Correlation
21| Response Surface
Response Surface Optimization
[ah] six Sigma Analysis

4. Double click on “Response Surface” to start DOE study

- A
1
Fpe—— 5. Double click on DOE
3 [ Geometry . %
4P Modd  ;
- ; e = Outline of DOE shows input and output parameters
7 9 Results > N " =
——= 8 |5} Parameters _ :
P 2 = 7/ Design of Experiments 5]
3 E InputParameters
4 = k= Static Structural (A1)
{pJ Parameter Set 5 $ Pi-ds astout &
) fp P3 - Bearing Load X Component #]
7 [E Output Parameters
= 8 = B4 Static Structural (A1)
1 9 pd P2 -Solid Mass
2 |53 Design of Expariments [ > 10 pd P4 -Equivalent Stress Maximum
3 | 21 Response Surfxce 2 . 11 pd PS5 -Total Deformation Maximum
Response Surface 5 pd P6 -Equivalent Stress 2 Maximum

G| R

Charts




Desigh Of Experiments study

Outline of Schematic B2: Design of Experiments

f Enabled
2 |E # Design of Experiments (5]
3 B InputParameters = .
4 =] % Static Structural (A1) —
5 T_l%» P1-ds_cutout |
6 fp P3 - Bearing Load X Component
7 [E Output Parameters
8 B E& Static Structural (A1)
3 pd P2 -Solid Mass
10 pd P4 -Equivalent Stress Maximum
11 pd PS5 - Total Deformation Maximum
12 pd P6 - Equivalent Stress 2 Maximum
13 Charts
Ol 1 | »
Properties of Outiine A5: P1-ds_cutout v 7 X
A B
¥ Property Value
‘ 3 Component ID Design of Experiment
= Directory Name RSR
5 Units /
6 Type Design Variable Yy,
7 Classification Continuous _ﬂ
8 = Nota
9 MNotes
10 =
11 Lower Bound 4.5
12 IUpper Bound 5.5
13 Use Manufacturable Values [

6. Highlight parameter 1, ds_cutout in
Outline of Design of Experiments

7. In Properties of Outline set the
classification of the parameter
and define the lower and upper bounds

Ds_cutout:

4.5-5.5

8. Bearing Load X Component: 3600-4400

6 lp P3-Bearing Load X Component =
| )
B vy o X
A B
1 Property Value
2
3 Component ID Design of Experiment
4 Directory Name RSR
5 Units N
6 Type Design Variable
7 Classification Continuous
8
9

11 Lower Bound 3600
12 Upper Bound 4400
13 Use Manufacturable Values [




Desigh Of Experiments study

9.

Select Design of Experiments and make sure that the DOE Type is set to Central
Composite Design

v o X
Outline of Schematic B2: Design of Experiments ) s X B
N A B o Value
1A Enabled | Quick Helf = De s
2 ‘ B 7 Design of Experiments ¢ Preserve -
Design Points
3 =] InputP tel
D SRR N After DX Run
4 E Bz Model, Environment (A1) \\
= Failed Design P lanageme
5 [p P1-Bearing Load Magnitude \ o bl .
I 5 7 Number of
6 P P5-ds_cutout @ sty 0
7 E  Output Parameters
8 E E Model, Environment (A1) ReRORor A permen S
9 pd P2 -Equivalent Stress Maximum Desigq of ) )
: Experiments Central Composite Design v
10 | P3 - Total Deformation Type
Maximum
11 pd P4 -Geometry Mass Design Type Auto Defined _vj
12 Charts

10

7 Update

11. Click on Show Progress to expand Status bar—

ready to run the solver, hit Update

10. Click Preview to check the planned DOE to see how
“— many design points are required. Then once you are

B

Surface

2 Updating Design of Experiments in Response (419)

[




Design Of Experiments Results

Table of DOE shows 9 completed design points

Table of Schematic B2: Design of Experiments (Central Composite Design : Auto Defined)

13. Plot Total
deformation

Maximum vs
Design Points

13

Property

Display Parameter Full
Name

X-Axis (Bottom)

X-Axis (Top)

Y-Axis (Left)

0 (N »n| A

Y-AXis (Rig ht)

<

1

E

A B c D E F
: X T <ok P4 - Equivalent P5 - Total P6 - Equivalent
1 Name e '::m b4 Pscmﬂeag t % :2&5 (ka) ¥ Stress Maximum Deformation v Stress 2 v
= (MPa) Maximum (mm) Maximum (MPa)
2 1 DPO {5 4000 0.17358 109.44 0.013564 36.88
3 2 4.5 4000 0.18289 109.76 0.013287 35.44
P 3 5.5 4000 0.17414 109.03 0.013876 38.315 , ‘
Outi f Schematic B2: of v Table of Schi itic B2: Expel > q
5 4 5 3600 0.17858 98.492 0.012208 33.192 i De’g" . ) tene o e Do ’ - _ =
6 5 5 2400 0.17858 120.38 0.014921 40,568 T T = o ]
7 6 4.5 3600 0.18289 98.78 0.011959 31.89 2 |E « Design of Experiments b e B B
1 Name ¥ v .| Stress v | Dg
3 7 5.5 3600 0.17414 98.125 0.012489 34,483 [R = InDUtEametts ds_cutout X Mass | e |
4 = & Static Structural (A1) Com... (ka) (MPa) ¢
g 8 4.5 2400 0.18289 120.73 0.014616 38.984 : ® Pi-ds cutout Q)
10 9 5.5 2400 0.17414 119.93 0.015264 42,146 6 %P3 - Bearing Load X Component . > 10007 [0.176838 11094 1.0
7 | & output Parameters 3 2 45 4000 | 0.18289 | 109.76 | 0.
5 2 & static structural (A1) 4 3 55 4000 | 017414 | 109.03 | 0.
= 7 P2 Sokd Mass 5 4 5 3600 | 017858 | 98.492 | 0.
1 2 . CI ic k ont h e 10 50 P4 - Equivalent Stress Maximum o > > 100 01785812038 RIE0.
11 pd PS5 - Total Deformation Maximum 7 6 45 3600 0.18289 | 98.78 0.
H H P6 - Equivalent Stress 2 8 7 55 3600 0.17414 | 98.125 0.
De SI gn PO | ntS VS = P Maximum 9 8 45 4400 0.18289 | 12073 | 0.
1 2 13 = Charts 10 9 5.5 4400 0.17414 | 119.93 0.
Parameter chart N —
15 V|1V, Design Points vs Parameter ﬂ

Design Points vs Parameter

Design Points




Response Surface

= 14 I Project (pd Parameter Set xii;:l B2:Design of Experiments X
8 = Statc Structural / |
2 Q Engingering Data " 4
2 ) Geometry v 4 .
T ® v o 14. Return to Project Page
5 @ seap v
6 @3 Sobition v . ——— —— :
7 @ Recs v . 15 Double CliCk on Outline of Schematic B3: ntspc'rn: Surface .
> 8 (5 Parameters T *
Madel Enronment Response Surface. Click the ! Enacied
. . 2 |F + Response Surface
Response Surface object in 3 | & Input Porameters
. . 4 = Statc structural (A1)
R—— the Outline of schematic. 5 % P1-ds_cutout
& fp P3 - Bearing Load X Component [
Set the Response Surface s | & Ot Farameten |
- " type to Standard Response 8 o @ Static Structural (A1)
Bl ] Response surface 2 P P2 - Sold Mass
= _ afrimnt = Su l'face 10 P4 P4 - Equivalent Stress Maximum
| e ryr— 15 11 #@ PS - Total Deformation Maximum
. _— o E P& - Equivalent Stress 2
ESpoNsS Jurrace Ha}(mum
16. Update Response 15 | [ mn-vax search
14 B Metrics
Surface 15 <1 Goodness Of Ft
16 E Response Points
17.Clickon __—z 5 Response
R 19 - '.- Local sensitivicy
16 | ~ update |1 Clear Generated Data - Refresh | esponse = ”‘/?Sp'serrm




Results

18

19

1 Property Value
2 3
3 Display Parameter Full Name
4 Mode o) 2]
5 Chart Resolution Along X 10
6 Show Design Points (v
7
8 X Axis P1-ds_cutout
9 Y Axis P5 - Total Deformation ...
10 put Para
11 P1-ds_cutout 5
B
12 P3 - Bearing Load X Component 000
_’_
13 P e
14 P2 - Solid Mass 0,17858
15 P4 - Equivalent Stress Maximum 109.44
16 P5 - Total Deformation Maximum 0.013564
17 P6 - Equivalent Stress 2 Maximum | 36.88
TEx
A B
1 Property Value
2 a
3 Display Parameter Full Name Il
4 Mode 3D ;J
5 Chart Resolution Along X 10
6 Chart Resolution Along Y 10
7 ThoW Design Ponts i)
8 e
9 X Axis P1-ds_cutout oo
10 Y Axis P3 - Bearing Load X Component ¥}
H5 Z Axis P4 - Equivalent Stress Maximum >
12 put Para
13 P1-ds_cutout 2
4
14 P3 - Bearing Load X Component — 4000
o 2
15 P
16 P2 - Solid Mass 0.17858
17 P4 - Equivalent Stress Maximum 109.44
18 P5 - Total Deformation Maximum 0,013564
19 P6 - Equivalent Stress 2 Maximum | 35.88

18. Set Mode to 2D
and X and Y axis as
shown and choose t:
show Design Points

' —

Response Cl r P5 - Total Deformation Maximum ¥+ o X
= . — .
£ DOE Points [ [
e 0.015 A D P5 - Total Deformation Maximum e
3
E 0.0145 |
X
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0.014 |
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g 0.0135 1 | -_;_-M__;__“._,_.._rs—E] !
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=
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8 o
& O
& 0012 {0 -
4.5 4.6 4.7 4.8 4.9 5 ¥ b 52 33 54 3.5
P1 - ds_cutout
Response Chart for P4 - Equivalent Stress Maximum y o X
DOE Points [

19. Switch Mode to
3Dand Set X, Y,and Z
axis as shown
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Local Sensitivity vy o X

Results B | | sy
P3 - Bearing Load XComporI::-t
0.15 A
20. Click on spider and local sensitivities to 2
= 0.1
"
plot charts 2
0
©
. U 0.05 -
Outline of Schematic B3: Response Surface S
A B
1 Enabled o 4
—
2 |E v Response Surface
3 & Input Parameters
4 =] Static Structural (A1) -0.05 A —
5 p P1-ds_cutout P2 - Solid Mass P4 - Equivalent Stress MaxRhwuifotal Deformation Ma®brimuivalent Stress 2 Maximun
6 b P3 - Bearing Load X Component Output Parameters
7 B Output Parameters Spider Chart v X
8 B E& Static Structural (A1)
1. P2 - Solid Mass Response Point
9 pd P2 - Solid Mass 2. P4 - Equivalent Stress Maximum
10 pd P4 - Equivalent Stress Maximum 3. P5 - Total Deformation Maximum
11 pd PS - Total Deformation Maximum 4. P6 - Equivalent Stress 2 Maximum
12 pd P6 - Equivalent Stress 2 Maximum
13 |4l Min-Max Search /
14 | B Metrics /
15 ¥ Goodness Of Fit /
16 | = Response Points p4 () ()
17 B «  Response Point /
18 J@ Response ’
19 | kLol Sensivity | 2 0
20 ' [>< Local Sensitivity Curves
21 | @ spider | -
* New Response Point
@

10



Results

11

21. RMB on the Response surface and
click on ‘Explore Response Surface at
Point’. In the Table of Schematic you will
see the input and output parameter
values. [Please note, your Response point
will not be the same as one shown here]

Edit Properties ...

Save Image As...

| I Explore Response Surface at Paint. I |

Insert as Design Point

Insert as Refinement Point

Insert as Verification Point

! Copy Values to Response Point
Mgl ExportData
i

22. The response point shows the
predicted output parameter values
based on the response surface. To see
whether the prediction was accurate,
right-click the response point in the
Table of Schematic and select Insert
as Verification Point

W Reset Response Font
TR % Deete




Results

12

1 _DP1| 5.0R36 1
42 Copy
Paste 23
Set Update Order by Row
Show Update Order
Optimize Update Order
Import Verification Points. .. »
Explore Response Surface at Point
Insert as Design Point . . . . . .
T 23. Right-click the Verification point in the Table
X Dekte / of Schematic and Select Update. This will solve
ST the corresponding scenario
set all me
Set All Outpu as Caloulated
|/ updae.. |5 | 24. Compare the response point
24 values with the verification point
values. The response surface very
accurately predicted the true
behavior
[ Response Point 1 5.0636 4297.1 0.17799 117.51 0.014612 39.816
* New Response Point
8 B2 Verification Points
9 1 DP1 ] 5.0635 4297.1 0.17802 117.51 0.014612 39.816
- New Verification Point
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Mechanical Results

m 25. Double click on Solution

2 l!& Enginesring Cata "

3 @ GeametTy v 4

4 @ Model v 4

5

&

7 Results d 25
——> 8 |[pd Parameters I

Muodel, Enwironment

| E'pa Parameter Set |

Check the results in Mechanical




