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* Introduction to PIDO
* Overview of Example
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Process Integration and Design Optimization

* Process Integration
- Wrapping multiple steps or sub-processes in a convenient package
- “Tool chaining”
* Design Optimization
- Maximize desired output
- Minimize required cost

- Parametric optimization: define changeable inputs and measurable outputs
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Introduction to Optimization

 Example: mass-produced cast hook we want to optimize
e Economical goal: maximize number of hooks per ton of metal

* Engineering goal: low volume while maximum stress less than allowable

Input Parameters: Output/ Responses:
* Geometrical Parameters . Scalar
e.g. A B, C e.g. Maximum stress, Mass,
Cost

* Load Parameters
e.g. F1, Fz

* Vectors, Signals, Curves

* Material model Parameters e.g. Force over Displacement

e.g. Young’'s modulus,
Yield stress

s \ * Matrices

e.g. 2D and 3D Field data, like
stress at every node

* Scattering Parameters
e.g. A, B, F]_, S




Optimization & Robust Design Roadmap

Robust Design

qa\..\o(\‘ Six Sigma Analysis
“What if” Optimization
Study *With or without a
eManual Search \Q‘\ Response Surface

eParametric

Single Paramet o Response Surfaces

Design DOE eBuild a Mathematical Model
Point \‘\C‘ eRun a smart set of
eParametric and Design Points

Sensitivity
and Correlation

Persistent

eFind the relevant
parameters



PIDO Example

Household Table Configurer
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Overview

* Based on Table Internet Application Configurer (ansys.com) from the Ansys Help

Documentation

* Design and analyze parametric table
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https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v232/en/opti_tut/opti_tut_table.html?q=cost

Project Workflow

e Gather the customer inputs { T

- Required size L" /A

.mndel ¥n;=|.:|
- Load .
. -I" @ ’D——\

- Maximum cost ey e

* Calculate costs > & — é? N @"'
construction cost_calc Ansys Discovery
* Prove the design using simulation
g g _.,P @/ﬁ by
* Store the design able el
. 0 . bb—_)

* Find optimal design mf;m
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Project Workflow

e Gather the customer inputs a 1

- Required size
- Load

- Maximum cost

e Calculate costs

r@;ﬂr

model_prep

> £O

BT
table_top_calc

S00 M

..;:,*‘ Distributed Force 1

b @) Hr;@Mr@m

construction cost_calc Ansys Discovery
Fs

Mame Parameter type  Reference value Constant

1 itable_top_height. Optimization  0.02 O
2 table_top_width Optimization 0.2

3 table_top_length Optimization 0.5

4 table_leg_height Optimization 0.5

o O o od

5 table_leg_radius Optimization 0.01

Value type

REAL

REAL

REAL

REAL

REAL

Resolution Range Range plot

T
Continuous 0.01 0055 p @)j} P )
table_leg_calc
Continuous 0.1 2

e
| I— J
Continuous 02 4 (D Eﬂ —
—_—
—

max_costs
Continuous 0.1 1 —
VvV max_costs - Variable

Continuous 0005 0.02
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Z
L4 3 impert calc cuboid
4
roj ect Worktiow 2 ey
B ----test.-=-table top length
7 except NameError:
B T - .-table top length.=.1.3
g
10 Ftry:
11 -+ .test.=.table top_ height
12 Flexcept NameError:
13 T - - -table top height .=.0.05
PY : 14
ather the customer inputs i e
18 .- -test.-=.table top width
17 FJexcept -NameError:
18 T ... .table top width.=.1.0
. . 19
- Re u I re d S I Ze 20 table top area = -calc_cuboid.area(table top length, -table top height, -table top width) |
21 table top volume = calc cuboid.volume (table top length, takle top height, table top width) )
22 A B
23 print('Takle top-area: ', table_top_area) I
24 print|'Takble.top - -voelume: . ", -':able_t,op_vo'_u:ne]| 1 table_\"c'lume 0.2 m
Load - 2
— 1
3 |wood_cost 800 £/m?
. @ b 4 |basic_production_cost 100 €
. P 5 |additional_material_cost 7€
- Maximum cost e & Jueiver
table_top_calc 7

8 [total_cost | 297l

> 53 y 3 »
* Calculate costs > 5 @2 A
construction cost_calc Ansys Dlsccrvew
* Prove the design using simulation
N @}ﬂ L
* Store the design table_leg_cae
D Description Type Value Expression C
e ——
H H H 1 table_leg_area @ REAL 0.0314159 2*Pl*table_leg_radius*table_leg_height V
* Find optimal design D
> table_leg_volume ® REAL 0.00015708 Pltable_leg_radius”2*table_leg_height s
’ D Description Type Value Expression
1 number_of_legs @ REAL 4 4
2 table_area ® REAL 4.00566 number_of_legs*table_leg_area+table_top_area
2 table_volume @ REAL 0.0906283 number_of_legs*table_leg_volume+table_top_volume
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Project Workflow R

Ca? :
W :ﬁ" Physics

o Wood, Ash

* Gather the customer inputs O @4 Graviy
6 &% Distributed Force 1 500 N
- ReqUIred Slze “w 2 Sliding Supports
O |: Sliding Support 1
B Load ) |: Sliding Support 2

O |: Sliding Support 3

- Maximum cost

e Calculate costs

Prove the design using simulation b &
* Store the design table eg_cal
)
* Find optimal design _mﬂg@_
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Project Workflow

e Gather the customer inputs
- Required size
- Load

- Maximum cost

Calculate costs

Prove the design using simw

-

d

(lon

*’@’D——\

PYTH

o

table_top ~uic

'

construction

ol

.rnndel frep

) D

m o AL
cost_calc
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Ansys Discovery

Store the design

2 02

3 03

Find optimal design .

5 05

6 06
7 07

g 08

Feasible

true

true

true

true

true

true

true

true

true

Status

Incomplete
Incomplete
Incomplete
Succeeded
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete

Succeeded

table_leg_height

0.145

0.685

0415

0.955

0.595

0235

0.325

0.775

0.865

0.505

table_leg_radius

0.01175

0.00875

0.00725

0.01325

0.01625

0.01775

0.01475

0.01925

0.01025

0.00575

table_top_height table_top_length

002125

0.05275

0.03475

0.04375

0.02575

0.03925

0.04825

0.01675

0.03025

0.01225

077

115

343

039

2.67

101

3.05

2.29

3.81

153

table_top_width

1145

1525

0.955

0575

0385

1905

0195

1335

1715

0.765

35.8043

227027

0.000305524

0.0542636

Factor_of_Safety Jax._Displacemen table_area

1.88751

3.04035

6.93168

0.850961

245623

768141

162312

661069

13.6254

247011

table_volume

0.0189866
0.0931694
0114103
0.0119178
0.0284441
0143743
0.0295852
0.0548161
01958

0.0145478

total_cost

150.379
210467
227423
144.653
158.04

251.432
158,964
179.401
296,028

146,784
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. Name Type Expression Criterion  Limit
P rOJ e Ct WO r kfl OW W constr_Factor_of_Safety  Constraint Factor_of_Safety = 2
v constr_Max._Displacement Constraint Max._Displacement < 0.0254

I obj_table_area Objective table_area/table_volume MAX
. e ————————————————
e Gather the customer inputs .

L g

- Required size

| >
-mndr#_;réﬁ
- Load — == ]=]

=k 4 @ Objective History

- Maximum cost table_top..

-50

* Calculate costs st el ALY
* Prove the design using simulation B 0 i TN e

v Kl ST |
* Store the design . el L I

-200

2 4 Constraints fulfilled L TRe N6 “q1b 41

&

: : M * Constraints violated or failed o—»—' b e S| 8 o
¢ Flnd Optlmal deSIgn —®— Convergence line ! y [ e *

- History line (obj_table_area) ' e

-250

1 1 I I 1 T 1 I I I I 1 T 1 I 1 1 1 1 1

1
- N MmO N = N 0O
- - N M N v %

55

6

6

7.

7!

8

9

9

0

0

1

21
271
33
391
45
51
57
63
69
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Optimization Designs
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Demo

> <~ table 23R HT 47
— iD Desicn & Sue-D &S Dispray I/ MEASURE 0 Facers S, REPAIR (@) PREPARE W DeTaiL 1 SimuLaTION

?(i L] '!K Symmetry \"d Simulation Optio

WV Natural Frequency & Connection
Scene Monitors

Materials | Structural Solid Thermal
Assessment

v v v v v

PHYSICS REsuLTS

@)) HisTorY TRACKING (. Displacement!

500N

Sliding Support 2
Sliding Support 3 <«
PARAMETERS
B1_D1 half_table_top_length
B1.D2  half_table_top_width
P1 table_top_height
table_leg

Simulation 1

<1

< AT >

Click an object. Double-click to select an edge loop. Triple-click to select... Advanced Selection
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