Optimum Design Course
Fall 2016

Ansys Tutorial 5

Cylindrical Support



Overview

e Goal

— Attempt to minimize the mass of the part while
keeping the equivalent stress maximum below 32
MPa

* Model Description

— The boundary conditions have been applied as shown
here
— The 2 cylindrical supports are configured as:
* Radial = Fixed
* Axial = Fixed
* Tangential = Free

— The model is set up to parametrically vary the web
thickness (see figure at right)




Project Startup

1. File > Open> Crank_Arm.wbpj

2. Double click on Parameter Set, review parameter table

= = Input Parameters
B e Sl = B Static Struckural (A1)
z | @ EngineeringData + fp re ds_tweb 20
3 (yi} Geometry v 4 fp Mews inpuk parameter Mew name Mew expression
4@ Model v . E Output Parameters
5 @ setup v B k= static struckural (A1)

& Salution v pd P3 Salid Mass 25,353 kg
7 @ Resuts 4 pd P4 Total Deformation Maximum | 0.019707 mm
>8 (5] parameters | pd PS5 Equivalent Stress Maximum 74,339 MPa
Static Structural pd Mew output parameter Mew Expression

Charts

2 | [tpd Parameter Set

3

3. Switch to Project e Sl TRt [0 parameter set e

- B

4. Double click on |2-oxein Bprton | ] * Response Surface Optmezton

) Direct Optimization 2 = Design of Experiments

Response Surface E :arameterz :I:jrrelation 3 7 Response Surface
s T—>

4 (@ Optmization

i i i Response Surface Optimization
Optlmlzatlon 0 0 i Response Surface Optimization

th| 5e¢ 5igma Analysis

Rl

a

Fl

ag] nQ_’.'fI




Conduct a DOE study

. 5. Double click on DOE

- B
5 1
2 nof Expeniments ; = E  Desian of Experiments 4 ]
3 | |51 Response Surface =
= = Input Parameters
4 iz ati —
@ Optimization ° 4 B [ Static Structural (813
Response Surface Optimization b P2-ds_web
= Oubput Parameters
By default DOE type iS 2 B Static Structural (A1)
pd P4 - Tatal Defarmation Maximum
set to CCD pd P3 - Solid Mass
pd PS - Equivalent Stress Maximum
Bl F Design of Experiments 5] Charks
= Input Parameters
El ﬁ_ Static Structural (A1) vesign of Experiment vy o x
$ P2 - ds_weh I i ‘ B
= Qutput Parameters —
B 2 Static Structural (A1) - -
2 Deszign Points
pd P4 - Tatal Deformation Maximum =
§1 P3 - Solid Mass Preserve Design Points After Dix Run
pd PS5 - Equivalent Stress Masimum = Failed Design Points Management

| = Design of Experiments

Design of Expetiments Type Central Composite Design LI

|| Design Type Auko Defined LI
Component ID Design of Experiment
T el + 6. Select P2 — ds_web parameter and set

= totes / the bounds as shown

= Values
Lower Bound 10 6
Upper Bound 20
Use Manufacturable Values
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Conduct a Response Surface study

|7 Update | Preview 7 «_____ 7.Click Preview to see if the design points
generated by the DOE are acceptable. Then,
click Update to solve the design points

Table of Schematic B2: Design of Experiment]
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9.Double click on \ij Design of Experiments v
Response Surface 4 Response Surface =
4 |\ Optimization =

Response Surface Optimization

10. Set the Response Surface
Type to Standard Response

Genetic Aggregation Surface... and Upd ate
Genetic Aggregation

Standard ResponseSurface - Full 2nd Order Polynomials |
Kriging L}
MNon-Parametric Regression

= Meta Model
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= Refinement

Refinement Type

= Verification Points

# Update #| Clear Generated Data J Refresh




Conduct a Response Surface study

Enabled

E + Response Surface

B Input Parameters
[F Bz Static Structural (A1)

b P2-dsweb 11. Highlight Response
=l Output Parameters Set Y axis to Equivalent Stress Maximum

[F Ezd Static Stroctural (A1)

pd P4 - Total Deformation Maximum

pd P3 - Salid Mass

12. Review the response chart
Change the Y axis to Solid Mass

pd PS5 - Equivalent Stress Maximum
/@ Min-Max Search
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Conduct a Response Surface Optimization

g =11= lﬂlﬂ Project I|Fp7| Farameter Setﬁ_ 13- SWitCh to PrOjeCt

v . 14. Double click on Optimization
9 * Response suroce Optimiaton |

2 [E Design of Experiments v
3 |[71 Response Surface v
14 4 @ Optimization &

Response Surface Optimization

Outline of Schematic B4: Optimization 3 oX

2 e C ~_15. Highlight optimization and generate 1000
Enal Moriton'g
2 ? Optimization o1 screening samples

Objectives and Constraints
= Domain
= [ Model, Environment (A1)
b P2-ds_web
Results

~— 16. Highlight Objectives and Constraints and
Set the goals as shown in the table
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4 1] |

Chart : Response Chart for P2 > o X

| A B

16

Chbjective Constraink

= Design Points

Preserve Design Points After DXRun | [ /'

= Failed Design Points Management

___ NumberofRetes o |

= Optimization
Optimization Method Screening| =l
Number of Samples 1000
Maximum Number of Candidates 3

10 Verify Candidate Points [

Mame Parameter

Type Targek Type Lower Bound | Upper Bound
Minimize P3 P3 - Solid Mass Minirize: ;I Mo Constraint ;I
PS5 <= 32 MPa PS5 - Equivalent Stress Maximum | Ko Objeckive ;I Walues <= Upper Bound ;I 32

Select a Parameter >

17| 7 update| ] Clear Generated Data «—— 17. Update Optimization




Conduct a Response Surface Optimization

= Candidate Poinks

Candidake Poink 1 Candidate Point 2 Candidate Poink 3
P2 - ds_web 13.035 13,735 14,435
P3 - Salid Mass (ka) # 2422 # 24334 - 24,445
PS5 - Equivalent Stress Maximum (MPa) _;]':’,"t_;‘-r 31,986 _;]':’,"t_;‘-r 30,916 ;{WW 29,958
Ersbled | Morikorrg Table of optimization gives three
B " Optimizabon . oo
T e rom——— candidates based on specified
@ tiinize P3 ] goal and constraint
g PS5 <=32MPa L T
= Domain
B Bl Static Structural (A1)
b Pz-ds_weh [¥] ’_'_,__.-"rjl
Parameter Relstionships
B Resuts . .
[ Canddate Poins 18. Click on Tradeoff to obtain
JI@ [redeol Trade Off Plot
o Samples
o il Sensitribes ‘
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View the Optimization Results

19.Review the tradeoff plot after setting the X Axis to Solid Mass
and the Y axis to Equivalent Stress Maximum

372 Feasible points

31 1

Lowest Body Mass based on
Stress limit

30

29 1

28 1

27 1

PS5 - Equivalent Stress Maximum [MPa]

26 1

25 EEEH:%

242 243 24.4 24.5 246 24.7 24.8 24.9 25 25.1 25.2 25.3
P3 - Solid Mass [kg]




