Accompanying drawing (s) of the present invention: Method and computerized system for
robust engineering and optimization of complex phenomenon.

Robust Engineering & Optimization Method

Formulate Find

Input Signal Robust Design Variables
Control Parameters Deviation Variables
Design Parameters Significant Factors

Noise Variables Average Squared Error
Response Equations Relationship Equation
Dutfut Rasponses Optimal Equation
Design Requirements

Minimize Satisfy

Sum of the deviation Experiment Constraints
variables associated Exrarimam Objectives
with the mean and Shift Mean to Target
standard deviation Minimize Variance

of each response.

FIGURE 1: The generalized flowchart of the present invention.
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FIGURE 2A: Schematic view of a typical static optimization problem being studied.
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FIGURE 2B: Schematic view of a typical dynamic optimization problem being studied.
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Step 1:

Describe Project

Describe and develop a system model that identifies system and
sub-systems that contain detail elements of the product or process.

Step 2:

Formulate Problem

Formulate problem by defining elements such as inputs, outputs,
noise parameters and objectives of the study, etc.,

Step 3:

Generate Design

Select a model and a design that are suitable for the objectives and
generate the design for experiment and its worksheet.

Step 4: Conduct or Simulate the experiment run according to the
. worksheet and enter experiment results.
Conduct Experiment P
Step 5: Compute the experimental data, calculate statistical results and
enerate graphical output.
Compute Results & grap P
Step 6: Analyze and interpret statistical and graphical outputs to
. . determine the relative effect and the relative importance of various
Analyze Relationship 1 P f
factors.
Step 7: Optimize and adjust system sensitivity and performance to meet
L optimum conditions/objectives.
Optimize System P 4
Step 8: Verify the repeatability of the optimization results with a

Perform verification

confirmation experiment.

FIGURE 3: The eight steps methodology of the present invention.
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FIGURE 4: The block diagram of the ideal energy function modeling.

Page 3 of 29




Model of Systems/Processes to be Studied
(a) To study the design, material and/or the process?

(b) Any historical data to study the design, material and/or the process?

Part/group of Design Material Process
systems

FIGURE 5: The function-modeling template for systems/processes studies.
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Control Parameters

Control parameters are intentionally varied in order to determine their impact on the output
responses.

Interaction effects present in control factors.

Held-constant factor are controllable factors whose effects are not of interest in the
experiment.

Nuisance factors are not controlled, and are not of primary interest in the experiment.

Input X Output Y
Process control factors Objective of the study
that modifies or adjust the P-Diagram Evaluation criteria and
process technology.

Process or measurement methods.

Product function factors —» system _>

that tune the product
function performance onto under study
any desired target.

Noise Factors

Noise variables or compounded noise variables which can influence the output parameters
but are not intentionally varied.

FIGURE 6: Template for formalization of Problem Diagram (P-Diagram).
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1. Robust Engineering Project Objectives

[1] The project objective is to optimize a system, or product or process
designs.

[2] The project objective is to investigate the effects of individual or multiple
parameters on the performance of a particular system.

[3] The project objective is to solve robust engineering problems by using
statistical design of experiments.

2. Robust Engineering Investigation Checklist

[1] What system, product and/or processes are we trying to make and can we
do it?

[2] What are the critical input parameters and noise variables that affect the
system, product and/or processes?

[3] Which control parameters are more significant than the others?
[4] What is the countermeasure for the attenuation of noise effects caused by
unknown factors?

[5] How to combine different parameters settings to get the best results and
substitute a less expensive part to get the same performance?

[6] How to combine multiple criteria of evaluation into a single index?

[71 What is the information necessary for adjustment to target value? How
can the current status and accuracy be improved?

[8] How to search for robustness condition in a system, product and/or
processes?

[9] How to set up the process such that it is insensitive to noise factors? How
the uncontrollable parameters affect the performance?

[10] How to improve the system, product and/or processes with good
reproducibility?
[11] How to perform concurrent research on future and current products?

[12] How to retain the knowledge gained in this work for the future and across
the company?

[13] Which control parameters should have tighter tolerance than others?

[14] What need to be done to reduce performance variation around the target?

FIGURE 7: Checklist and template for robust design project and investigation objectives.
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No | Input Parameters - The factors engineer can control and Range Scale Level
specify to define the optimum combination of set points for Factor
satisfying the Voice of the Customer.
FIGURE 8: Template for assignment of input parameters.
No | Noise Parameters - Any source of variability typically noise is Range Treatment
external to the product (such as environmental effects, unit-to-unit
variability or effects of deterioration).
FIGURE 9: Template for assignment of noise parameters.
No | Output Parameters - Measurement obtained when an Computational | Noise per | Replicate
experiment is run at each level of the factors under Method signal per noise

study - continuous (quantitative) variables or discrete
(qualitative) variables.

FIGURE 10: Template for output parameters.
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Orthogonal | Number | Maximum | Maximum Number of Columns at these Levels
Array of Number
Rows of Factors

2 3 4 5 6
L4 4 3 3 - - - -
L8 8 7 7 - - - -
L8A 8 5 4 - 1 - -
L9 9 4 - 4 - - -
L12 12 11 11 - - - -
L16 16 15 15 - - - -
L16A 16 13 12 - 1 - -
L16B 16 11 9 - 2 - -
L16C 16 9 6 - 3 - -
L16D 16 5 - - 5 - -
L18 18 8 1 7 - -
L18A 18 8 2 6 - - -
L18B 18 7 - 6 1 - -
L18C 18 7 - 6 - 1 -
L18D 18 7 - 6 - - 1
L25 25 6 - - - 6 -
L27 27 13 - 13 - - -
L27A 27 22 - 22 - - -
L32 32 31 31 - - - -
L32A 32 10 1 - 9 - -
L36 36 23 11 12 - - -
L36A 36 16 3 13 - - -
L50 50 12 1 - - 11 -
L54 54 26 1 25 - - -
Lo4 64 63 63 - - - -
L64A 64 21 - - 21 - -
L81 81 40 - 40 - - -

FIGURE 11: The embedded knowledge-based of the present invention.

Page 8 of 29




@ ® ®

Generate Enter
Cre;l;:s}::lbu“ —> Experiment —> Experiment
layout data
Optimize Analyze Compute
Experiment 4— Experiment 4— Experiment
System Relationship Results
Verify Create Document
Experiment —» Experiment —> Experiment
Repeatability Reports Project

FIGURE 12: Flowchart explaining the flow of entire computerized system according to the eight
steps methodology embodiment of the present invention.
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B Assign Input Factors | T Assign Noiss Factors | @1 Assign Output Responses | [/ View Anay Information |

File Name [RobustEnginesr2 | Date: 24 Aug 2003 Time: 11:10pm
= Diasign
MHumber OF Dasign Paramaters Standard Orthogonal Arays Modifiad Orthogonal Amaps
7 | [L18 [*]  |ue ]
Dafine Deign Paramaters
SN Input Minknuam | Meximum Factor] Lowsl Lowel intervel
1 A 1 2 1 2 Ecquicistant
2 B 1 3 1 3 Equidistant
3 C 1 3 1 3 Ecuidistant
4 D 1 3 1 a Ecquicistant
5 E 1 3 1 3 Equidistant
[] F 1 3 1 a Ecuicistant
T Q 1 3 1 a Ecquicistant
a H 1 3 1 3 Equidistant
OK Cancal Help

FIGURE 13A: Computerized system for creating robust design — assignment of inner array.
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|lCreate Fes Robust Design

]

Bl Astion Inpuk Factors| O Astign Noiss Factors [ ] Assign Outpedt Responses | I View Anay Information |
= Diesign:
MHumbes OF Moiss Factors Selactad Noise Amay Modifiad Moiss Amaps
2 | L& -] I I-1
Dafire Moisa Factors
M Holen Minimum | Maximum Factor] Lowel Lowel intorval
1 M 1 2 1 2 Ecquicstant
2 N2 1 2 1 2 Ecuicstant
3 N3 1 2 1 2 Equidistart
(1] 4 Cancal Help

#|
FIGURE 13B: Computerized system for creating robust design — assienment of outer array.

Page 11 of 29



| Creste ree Robust Destgn

)

il_Astign Input Factors | [/ Assign Noiss Factors| 81 Atsign Output Responees [T View Aray Infomation]

= Deasign

Mumber OF Aespornsss: Charateristics OF Fesponses

|1 | |5tati::Hmpuru EI
= Dafine Dutput Aetporeas [ Quality Charactedstics |

Respones Hame Computetional Method Holea por Signel Raplicete por Holed
1 bl Smaller The Datler L) 1
1 I )
OK Cancal Help

LY

FIGURE 13C: Computerized system for creating robust design — assignment of output

responses.
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| Creste Fees Rolbust Design
] Astion Input Factors | [ Astign Noiss Factors | ] Astin Duput Responses| I View Anay Information |
Select Anay
TypeOfAnay  wopIRED @ InnecAray
Type Of Design L1027 2 37) O Duter Anay
Famne A B c 1] E F G H
1 100 100 100 100 100 100 100 100
2 100 1.00 200 200 200 200 200 200
3 1.00 1.00 300 30 3.00 300 300 3.00
[] 1.00 200 1.00 1.00 200 200 300 3.00
5 1.00 2.00 200 200 3.00 3.00 100 1.00
[-] 1.00 200 300 300 1.00 1.00 200 200
7 100 300 100 200 100 300 200 3.00
8 100 300 200 30 2.00 1.00 300 100
[:] 100 300 300 100 300 200 100 200
10 200 1.00 1.00 300 3.00 200 200 1.00
11 200 1.00 200 100 1.00 300 300 200
12 200 1.00 300 200 200 1.00 100 3.00
13 200 200 1.00 200 3.00 1.00 300 200
T4 200 2.00 200 300 100 200 100 3.00
15 200 200 300 1.00 200 300 200 1.00
16 200 300 100 300 200 300 100 200
17 2.0 3.0 200 100 3.00 1.00 200 3.00
18 200 300 300 200 1.00 200 300 1.00
0K Help

4|

FIGURE 13D: Computerized system for creating robust design — display of inner and outer

arrays.
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@B RabufstEnginger - [RobustEngtneerz] 16
148 Fo ER Yew Anshsis Hepot Window Help I
IDSH|snGEasrw.ldld. P+ NARPREDREEOQ|B.

1 I I I I I I I I I I I I

Response Hame: m |

v

Outer Holes Arrey
Block 1 0f 1
N 1.00 1.00 200 2.00
N2 1.00 200 1.00 2.00
N3 1.00 200 200 1.00
NoizsRun  NolzsRuni  MNolseRun2 Nolss Rund  Noize Rund
Inner Conitrol Armey
1 2 3 L} 5 B T ]
Funs A B C D E F <] H

1 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00

2 1.00 1.00 2,00 200 200 200 200 2.00

3 1.00 1.00 3.00 300 3.00 3.00 3.00 3.00

4 100 200 1.00 100 200 200 300 300

5 1.00 200 200 2m 300 3.00 1.00 1.00

-] 1.00 200 3.00 300 1.00 1.00 200 2.00

7 1.00 3.00 1.00 200 1.00 3.00 200 3.00

a 1.00 3.00 200 300 200 1.00 3.00 1.00

a 1.00 3.00 3.00 100 3.00 200 1.00 2.00

10 200 1.00 1.00 300 3.00 200 200 1.00

1 200 1.00 200 100 1.00 3.00 300 200

12 200 1.00 3.00 200 200 1.00 1.00 3.00

13 200 200 1.00 200 3.00 1.00 3.00 2.00

14 200 200 200 300 1.00 200 1.00 3.00

15 200 200 3.00 1.00 200 3.00 200 1.00

16 200 300 1.00 300 200 300 1.00 200

17 200 300 200 100 300 100 200 300

18 200 3.00 3.00 200 1.00 200 3.00 1.00

K1 |

| ON
For Help, press F1 I

FIGURE 14: Computerized system for displaying robust experiment design layout worksheet
(inner and outer array).
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BB RalustEngineer - [RabustEnginesrz]

| #i B Ect Yiew Anspsic Hepot Window Hep

ID@g|sRGsew. Id. IRc@B+NBAFAFEDE D O0RB .

RAsspores Name |Y1

Characteristics Of Responss gy Resporss
Type Of Respores Smaller The Best

Noiss
Functional Signal Factor
Signal Factor
Noiza per Signal
Replicats Per Noiss

THolen P | Holea Fam2 | Holea Ram3 | Holes Ramd
Roplicated | Raplicated | Roplicated | Roplicated

FIGURE 15: Computerized system for data entry of the performance measurement data.
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B RolbustEngines: - [RobustEngneerz] P -J 5|

| 4 Fo ER View Andysis Hepot Window Help .=-2x
I ¢ NAAREEI-O0R|B. Id). IDSE (I RE( ST W,
T T T T T T T T 1 [ | g
Response Hame: b
1 2 a 4 5 B 7 a
Runz A B [ D E F L] H Moan SM (n dB)
1 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 32500 50,7146
2 1.00 1.00 200 2.00 200 200 2.00 200 145.5000 -43.2603
3 1.00 1.00 300 3.00 3.00 3.00 3.00 3.00 165.7500 443313
4 1.00 200 100 1.00 200 200 3.00 3.00 161.7500 -45.1920
5 1.00 200 200 2.00 3.00 3.00 1.00 1.00 53.7500 -34.6261
-] 1.00 200 300 3.00 1.00 1.00 2.00 200 237 5000 -A7 5157
7 1.00 3.00 100 2.00 1.00 3.00 2.00 3.00 1322500 424332
a 1.00 3.00 200 3.00 200 1.00 3.00 1.00 174.7500 -44 8503
a 1.00 3.00 300 1.00 3.00 200 1.00 200 156.7500 430
10 200 1.00 100 3.00 3.00 200 2.00 1.00 207.7500 -45.3524
1 200 1.00 200 1.00 1.00 3.00 3.00 200 103.0000 -40.2504
12 200 1.00 300 2.00 200 1.00 1.00 3.00 115.0000 21T
13 200 200 100 2.00 3.00 1.00 3.00 200 129,0000 422140
14 200 200 200 3.00 1.00 200 1.00 300 177.7500 -44.9979
15 200 200 300 1.00 200 3.00 2.00 1.00 85,0000 -30.5065
16 200 3.00 100 3.00 200 3.00 1.00 200 64,0000 -38.1326
17 200 3.00 200 1.00 3.00 1.00 200 300 141 2500 -43.0010
18 200 3.00 300 200 1.00 200 3.00 1.00 96,0000 -39.6490
—
=
Data Rosulte 4] ID
Enter your expariment findings hers I |

FIGURE 16: Exemplifies an example of a computerized screen for computing the experiment
results using analysis of mean.
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BBRobustEngineer - [RobustEngineerz] J . ) e |
| €8 Eo Ect View Ansbsir Aepot Window Help I

I+ NBEARrEEeERO0R|B.18N. IDSF| s 0EST W,

(& Design Summary | [ Expedment Data Plot | 1 Factorial Effect Table | [ Mean Piot | B0 SN Ristio Plot | 4 Significant Effect 20 Chart | B 3D Sigrificant Model | B4 Analsie Of Vasiance [[(T>

Input Conirol Parametars

I@ETMMQ o

P - Optimisation | ouuRswoms
No Input Conirol Factor Model vt ]

Moiss Facions

FIGURE 17A: Computerized screen of a Problem-Diagram for performing experiment analysis.
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BB RabustEngeer - [RobustEngnezrz] J 1.4 )E3 |

| B Do Ed Yew Andhsic Hepot Window Help .= Xx
It E e RNBEAREe R0 B.1dD. IDSE| s nE| ST W,
[ @1 Detign Summary| B8 Experiment Data Plot | Q1 Factorial Effact Table | [ Maan Piot | @1 SN Ratio Pt | it Sigrificant Effact 20 Chan | 1 30 Sigrificant Modal ] TBA Anayeis Of Variance AT
Aepmmatie n [ Bmmm © Noiss Anzy
O Sigral Fachor © Experimont Aun
Exporimont Data Plot - Exparimont Runs Data Plot
Responss
4m
i
am
|
2m
) ' 4 ¢ .
| ¥
100 s $
|
E
0
F 8 0§ F OB OE R R OE OE OE O OE OE OE OE OF OB
£ i Dﬂda [ 5 [ [ [ [ [ 4 [ [
RobustEngineer - Y1

FIGURE 17B: Computerized screen of a data plot for performing experiment analysis.
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BB RobustEngnesr - [RobustEnginearz] o 1. J )3 |
| 48 Fo Edt Yiew Ancnin Fepot Window Hep .= X

I RIAAPEEE0RB.Id). IDSH| I RE| STV,

[@ Design s | ¥ Experiment Data Piot | 8] Factorial Effect Table | P Mean Piot | 81 SN Ratio Plot | it Siprificant Effect 20 Chest | R1 30 Sigriicant Model | 4 Analysis Of Varience [ T

Remereere |

A n c L] E r
; Factor Factor Description Lovel Lovel Dascription Maan (Avarags) SM Ratio (Avarage)
3 N A 1 1.00 176.64 -44.10
i 2 2.00 1243 -H.38
5 1 1.00 160.04 -44.37
5 B B 2 2.00 14443 4219
T 3 3.00 12750 -H 66
[] 1 1.00 176.33 -43.654
[] C c 2 200 13267 -1 53
0 3 3.00 14287 -42 55
" 1 1.00 168.50 4381
2 D D 2 2.00 111.82 -40.57
H 3 3.00 17125 44,04
W 1 1.00 1641 83 4425
* E E 2 2.00 12767 -H 54
® 3 3.00 142.38 4242
n 1 1.00 18013 -44.92
" F F 2 2.00 160.92 -43.83
E 3 3.00 100,83 -84
] 1 1.00 151.75 - 93
2 L] <} 2 2.00 15621 -43.53
= 3 3.00 14171 -42.76
E] 1 1.00 160.08 4247
E] H H 2 2.00 13929 422
E 3 3.00 15229 -43.54

FIGURE 17C: Computerized screen of a factorial effect table for performing experiment
analysis.
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BB RobustEnginess - [RobustEnge=rZ] P - 3
| € Bo E® Yow Anchsin Fopot Mindow Help L -Bx
IS EFNBOREEDAOR|B.IdN. IDEE| s G ST e.

[B Design Summary | &) Experiment Data Plot | @1 Factoria Effect Tabls| [/ Mean Piot [JET SN Retio Plot | Tl Sigrificant Effact 2D Chart | ] 30 Sigrificant Modl | A Analyeis DF Varience [ ¥

RAespores Nams : |Y1 El

Meoan Plot - Mean vz Lavel

FIGURE 17D: Computerized screen of a graphical technique for displaying 2-Dimemsional
mean effects and interaction plots.
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(BB RobustEnginzer - [RobustEngimeerz] = .1 )3 |
| €8 F» Edt View Anshsis Hepot Window Help -2 X
I+ NAAPDEEzO0QIB.IdN. IDSF| s aE|ST e,

[T Design Sunmey | & Experiment Data Piot | @K1 Facnial Effsct Table | P&/ Mean Piot] B&1 SN Raio Fiot [T Signicant Effect 2D Chart | BT 30 Sigrificant Model | IS Anabsis DF Variance LIV

Responzs Name : |Y1 El

SN Ratio Plot - Avecage SN Ratio vs Level

FIGURE 17E: Computerized screen of a graphical technique for displaying 2-Dimemsional
Signal-to-Noise ratio effects and interaction plots.
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B RobustEngineer - [RobustEngineearz]
| €8 Bo Edt Yiew Ansiwis Hepot Window Heb

I+ NAAPDEEzO0QIB.IdN. IDSF| s aE|ST e,

[B Design Summery | o} Espesiment D ska Plot | @E1 Factosal Effect Table | (8 Mean Pot] B SN Rusio Pt | [M# Sigrificant Effect 20 Chart [ ] 30 Sigraicant Model | A Analysis OF Varience J[L 10

Responzs Name : |Y1 El
‘You are allowed to rank maximum 4 most significant lactors according to your view.With that.you can futher analayze and taks a closer look at the factors.

E - Type OF Graph
F Add Factor >>»

G

H

© HoanFi| O ShooPlt
O S5MNRstioPlot O Serwhiviy Fick
<< fomove Facto

=Xy -F2

2D Significant Chart - Mean vz Level

FIGURE 17F: Computerized screen of a graphical technique for displaying a significant mean
effect and interaction 2-Dimemsional plots.
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BB RobustEngnesr - [RobustEnginearz] o 1. J )3 |
| 4B o Edt Yiew Anshsir Fepot Window Hep . =2 X
I+ XNBABREeD OV B . IdN. IDSO|L RE|SL W,
[ R Detign Summary | & Expament Data Piot | 1 Factorial Effect Tabie ]| [ Mean Pt | Bl SN Risio Prot| [ Sigrificant Effact 20 Chat [ ] 3 Sigrificant Mods! | A Analysie O Vasiance LI

Responss Nama : |~,~| El

“You are allowed to rank maximum 4 most significant factors according to your view. With that.you can futher analayze and taks a closer look at the factors.

A 8 = Type Of Graph

F
E Add Factor »> E O Mean Pl O SkooFla
i ° OFNREPS O SwadyPt
<< flomove Factor

20 Significant Chart - 5/N Ratio ve Level

app L

FIGURE 17G: Computerized screen of a graphical technique for displaying a significant Signal-

to-Noise ratio effect and interaction 2-Dimemsional

plots.
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@B RabustEnginesr - [RubustEngmzerz] Jm . 3|
|1 4 Fe Edt View Anssir Repot Window Hep . -2 Xx
It NAAPEe O B. 14D IDET| SSRGS V.

[@ Desion Summeary | B} Expeviment Data Ptot | BB Factorial Effect Tabis | Y Mesan Plot ] SN Ratio Plot | i Sigraficant Effect 20 Chart| ] 30 Sigriicant Model [TEH Analysis Of Variance LI

3D Significant Model Pradicted Mean Valua )

T W
:

i

Factor (Y

oREEHR
[+l |

= Graph Types:
{® Prodicted Mean Value

Q) Pradicted SN Valus

oW

- Oparating Window (X - Asit]——
© Low
(o] )
O Wgh
- Graph Oplions:
A Drawi Mesh
A Diaw Shaded
A Diaw Contours
A Diawi Zones
FobustEngineer - Y1 & Contour/Zone Frojection

L
B8

FIGURE 17H: Computerized screen of a graphical technique for displaying a 3-Dimemsional
surfaces and contour plots to help interpret results.
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B RobustEnginesr - [RobustEngfnesrz] = - S|
| 4 Flo Ect View Ansheir Hepot Window Help L= ax
ISR RN BARPEEEOR B . IdN.IDET| s RE| STV,

(@ Detign Summesy | T Esperiment Deta Plot | @1 Fachovil Effect Tabis | (B Maan Piot | B SN Ratio Plot | TEh Signiicant Effect 20 Chart [ B 30 Sigriicant Modsl| B4 Anslysie Ot Varisnce [(]V]

Aesponts Name |~,~| El ANOVA valua
rOw © SMHRAaio O Serwhly © Skos |

Factor S8 D.0.F Moean Sq F-Ratlo s Contribution
%] F 109.1198067077 2 51.55090295306 16.22143909792 30.99094755109
=] D 43.04056391364 2 21 52028195582 6.353186159101 16.27420027228
=) A 33.27835116725 1 33.27835116725 9.924306157429 12.55297953119
%] B 24 63754230055 2 1238771165027 3.5367295989 9.315777052094
=] E 2314314786329 2 1157157393165 341614312903 B.7507 26965705
=) c 12.41765857352 2 6.208029206750 1.832961499660 4 69027915442
[m] G 7.617566775419 2 3.80675336771 2.880301650773
[m] H 593171799397 2 2965853946985 2.242060134426

Pooled Ermor : 13.54920466539 4 3.387321167347

FIGURE 171: Computerized screen of an Analysis of Variance (ANOVA) for performing
experiment analysis.
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BB RahustEngineer - [RobustEnginezrz] i 1. J )3 |
| 4B Bo ER Yow Anchsis Hepot Window Help .=-2x

IS NAFAFEe IO B.1d). 1D & na| ST,
[ Factorial Effect Table | 8 Mean Plot | @K1 SN Ristio Plot | [k Sigraficant Effect 20 Chart | B 30 Sigrificant Model | TRA Ansiysis OF Veriance | {1l Optimization and Praciction | jan

Opéinized Resporss [v7 ] Precicted

Fi iy & Outpus F Average. Signal / Noisa Flaio
EA - g 200 |1 -38.167 -31.362
BB - - g 3.00

BcC 0 = 2.00

BD g = 2.00

BE v = 200

BF - - g 3.00

Bc 7 - = 1.00

BH - g = 2.00

FIGURE 17]J: Computerized screen for sensitivity analysis as well as optimization of decisions
with suggested optimal settings.
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BB RabustEngimeer - [RobustEngme=rz] J 1. JE3 |
| @B Be Edt Yiew Anchsis Hepot Window Heb =X
I+ NBAREED OB . 1D,
A | o« | ¢ | o | e | r | o | uw | o 1 | K L [ [ 1 [ [ =]
[Response Hame: ¥1{ Static Response )
Outer Hol
Block 1 of 1
N 1.00 1.00 200 2.00
N2 1.00 200 1.00 2.00
N3 1.00 200 200 1.00
NolssRun Noisa Rurl  NolzaRun2 Nolze Rund  Nolss Fund
Inner Contral Arrey o o - o
1 2 3 4 5 ] 7 ]
Runs A B [+ D E F <] H Moan SM(indB)
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 345 340 I\ 355 3432500 -S0.7146
2 1.00 1.00 200 2.00 200 200 200 200 148 40 144 150 145.5000 432603
3 1.00 1.00 3.00 3.00 3.00 3.00 3.00 3.00 185 70 168 160 185.7500 443913
4 1.00 200 1.00 1.00 200 200 3.00 300 183 180 176 188 161 .7500 -45.1920
5 1.00 2.00 200 2.00 3.00 3.00 1.00 1.00 55 59 48 53,7500 -4 6261
-] 1.00 2.00 3.00 3.00 1.00 1.00 200 200 240 230 235 45 237.5000 475157
7 1.00 3.00 1.00 2.00 1.00 3.00 200 3.00 130 135 138 1% 1322500 424332
a 1.00 3.00 200 3.00 200 1.00 3.00 1.00 173 170 176 180 174.7500 -44 8503
F a 1.00 3.00 3.00 1.00 3.00 200 1.00 200 158 150 186 155 156.7500 4351
2 10 2.00 1.00 1.00 3.00 3.00 200 200 1.00 210 211 209 20 207.7500 -46.3524
-] 1 2.00 1.00 200 1.00 1.00 3.00 3.00 200 102 100 108 102 103.0000 -40.2604
] 12 200 1.00 300 200 200 100 1.00 300 112 115 120 113 115.0000 41217
) 13 2.00 2.00 1.00 2.00 3.00 1.00 3.00 200 125 130 133 126 129,0000 422140
F] 14 2.00 2.00 200 3.00 1.00 200 1.00 3.00 172 160 161 178 177.7500 -44.9979
F] 15 2.00 2.00 3.00 1.00 200 3.00 200 1.00 a0 -] -] :<] 85,0000 -38.5065
x 18 200 300 1.00 3.00 200 300 1.00 200 1] B85 ] ] B4.0000 -38.1328
F] 17 2.00 3.00 200 1.00 3.00 1.00 200 3.00 138 140 144 143 1412500 43,0010
] 18 2.00 3.00 3.00 2.00 1.00 200 3.00 1.00 a2 -] 7] -] 95,0000 -39.6480
-
b
[
LI

FIGURE 18: Computerized screen for printing experimental results.
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[BRe=port¥irier - [Reporti] J 1.4 )E3 |
IE&EGMmeHd: - X
ID@d|sad|s/r.I[Emas 70 8|E%m.
Response Name: Y1 a
Outer Nolge Array
Block 1 of 1
N1 1.00 1.00 2.00 2.00
N2 1.00 200 1.00 2.00
N3 1.00 200 2.00 1.00
Nolze Run Nolze Run1 Nolse Run2 Nolge Rund  Nolge Rund
Inner Control Array Replicate1 Replicate1 Replicate1 Replicate1
Runs 2 3 4 5 6 7 ]
A B [+ D E F G H
1 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00
2 1.00 1.00 200 200 200 200 200 2.00
3 1.00 1.00 3.00 300 300 3.00 3.00 3.00
4 1.00 200 1.00 100 200 200 3.00 3.00
5 1.00 200 200 200 3.00 300 1.00 1.00
6 100 200 3.00 300 1.00 1.00 200 2.00
7 1.00 300 1.00 200 1.00 3.00 200 3.00
] 1.00 300 200 300 200 1.00 3.00 1.00
9 1.00 300 3.00 100 300 200 1.00 2.00
10 200 1.00 1.00 300 300 200 200 1.00
1 200 1.00 200 100 1.00 3.00 3.00 2.00
12 200 1.00 300 200 200 1.00 1.00 3.00
13 200 200 1.00 200 300 1.00 3.00 2.0
14 200 200 200 300 1.00 200 1.00 3.00
15 200 200 300 100 200 300 200 1.00
16 200 300 1.00 300 200 300 1.00 2.00
17 200 300 200 100 300 1.00 200 3.00
10 200 300 300 200 1.00 200 3.00 1.00
Run  Nolse Run1 Nolse Run2 Nolse Rund  Nolse Rund
Replicate1 Replicatel Replicate1 Replicate1
1 345 340 333 355
2 148 140 144 150
3 165 170 168 160
4 183 180 176 108
5 52 55 59 49
6 240 230 235 245
Ready | I

FIGURE 19:

Computerized screen of a report writer for quick experimentation documentation

storage and archival.
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£ Whatie HMW_ ' A Robust Engineering Optimization Toolkit
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£] What it the approach usad in
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2] Who should ute Robust Engind
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Z] ‘What are Orthogonal Arays?
) What ars the bansfits of Drthog]
2] ‘What are the typas of Orthogor
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FIGURE 20: Computerized screen for quick online help function and documentation.
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