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Design of Experiment

Iy,

v,
@/70/}7
9 Yoy,
/eb/e
|
Influencing varialieX/ Response Y
ResponseY/
e
&2 —/
)
N2
@
&
&
&
Contents

Requirement and related tOpICS.......cooviiieiiiee e
KEYWOIAS ...ttt ettt e e e e e e e e ee e b b e e e e e e eeenree
0] (o L8 Tex 1T o ISP
Purpose and benEfit .........cooo o
= ] o PRSPPI
Spatial representation ... ————
MOAEI TYPES ... eaeae
DESIGN OVEIVIEW ...

Application in ViSUAl-XSel ........coooiiiiee e



-l_" Versuchsplanung & DoE www.crgraph.com

Requirement and related topics

Basics of statistics are beneficial for these descriptions. Further and related topics in-
clude: www.weibull.de/COM/System_Analysis.pdf
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Introduction

The aim of experimental design is to clearly determine the effects of multiple influencing
parameters on a target variable (response) and identify potential interactions.

The task is to combine experiments in such a way that the relationships between a func-
tion or process can be best reproduced for subsequent evaluation. There are influencing
variables that can be varied in a targeted manner, but there are also often disturbance
variables. In DoE, influencing variables are also referred to as factors.

Purpose and benefit

Compared to individual experiments, the DoE method allows the identification of inter-
actions. The evaluation capability is significantly improved compared to unplanned data
collection. By determining a model equation, optimal settings can be determined, even
if they were not part of the experimental design. The DoE method reduces the number
of experiments and costs.

Basics

Reality should be described by a simplified model. For example, if the fuel consumption
of a vehicle is to be determined based on the influencing factors of weight, engine power,
and aerodynamic drag, the following simplified approach is initially used:

|__ __ aerodynamic drag
———————— engine power

———————— . weight

constant

——— e e N
——— e
—_————
>

We are looking for a matrix (DoE table) that best solves the system of equations.


http://www.weibull.de/COM/System_Analysis.pdf
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Spatial representation

The most important experimental designs for 3 influencing x-variables in a spatial rep-

resentation:

Definitive Screening

Designs

Model types

D-optimal g <.
e @

The relationships sought can be linear, with interactions or nonlinear:

Type

Attitude

Remark

7 Linear

Y = bo+ b1 x1 + b2x2

Factors on respectively only 2
steps, min number of tests p +1*

No nonlinearities and interac-
tions determinable

B4 Interactions

Factors on respectively only 2

No nonlinearities determinable,

3ptp(p 1)2+1*

Y=..baxixz.. steps, min number of tests but interactions
p+p (p 1)/2+1*
) Square Factors on respectively only 3 Nonlinearities recognizable.
Y =....bax:i2.. steps min number of tests Incl . interactions
2p+p (p 1)/2+1*
B Cubic Factors on respectively only 4 Curses of curve with turning
Y =..baxi?+bsx:®. | steps, min number of tests point recognizable, incl . interac-

tions

p = number of factors, min = number of tests related to D optimal
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Design overview

www.crgraph.com

An overview of the most important desgins are shown here:

&4 Full All combinations, High number of tests, effortful
factorial full orthogonal best evaluable
@ Fractional Half or a smaller number of tests Mixing of interactions
like full factorial, full orthogonal Unsafe of evaluation
@ Plackett Derivation from fractional design. Interactions are not fully con-
Burmann Very low number or tests. founded
@ DSD Definitive Screening Designs Quadratic model possible,
Very low number or tests on 3 interactions are confounded only
levels partially
@ DSD IA Definitive Screening Designs Quadratic model,
Very low number or tests on 3 interactions can be evaluated
levels
@ Taquchi Very low number of tests, Many interactions mixed with
9 multiple fractional each other and with factors; suit-
full orthogonal able only for regulation of individ-
ual factors
ﬂé Central The same construction as full-fac- | High number of tests, effortful
Composite torial plus cross in the middle. Test | good evaluable
_p space like a ball
Design
@' Box- Evaluation for quadratic models. High number of tests, effortful
Middle levels in outlet area. good evaluable
Behnken
@ D-Optimal Low number of tests, not orthogonal, good evaluable
Clear regulation of interactions, Flexible modeling possible, spe-
cific terms can be selected. Exist-
ing trials can be taken into ac-
count
& Mixture Use of factors whose sum must al- | not orthogonal, factors depend-
ways amount to 100% ent on each other
good evaluable

For more information, please have a look to the Handbook of statistical methods

crgraph.de/downloads/docs/weibull/ COM/Statistics.pdf



https://crgraph.de/downloads/docs/weibull/COM/Statistics.pdf
https://crgraph.de/downloads/docs/weibull/COM/Statistics.pdf
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Decision matrix of designs

Full Frac- Plackett- | Taguchi CCD DSD D-Opt.
factorial tional Burman
orthogonal v v v v v v —
i v = - v v v
quadratic partly
i v = — v - v
cubic partly
Inter- v partly partly by - depends v v
actions type IV or | enough on basis ( )
type V+ DF
Number very i very very
experiments large middle small little large little small
partly eval. . . o . v - .
previously
constrains o - - o . - v
possible

Decision tree of designs

A best practice is to start with a Plackett-Burman or DSD design and if nonlinearities or
interactions are not clear, continue with D-Optimal.

3 levels I"_",

non lin.

2 levels
linear I_'/.

not all
combinations
possible
all all less no 1A defined no l1A no orless previously
combinations 2-way IA unknown expected IA orall possible IA expected  evaluation
incl. 3-way IA IA linear
full fractional Plackett- Taguchi ( D-Opt. Taguchi DSD CCD
factorial factorial Burmann L,(2P) L.(3:P) CCF
L ‘.‘ i 1 A
I —— é t::::::'______.' !
e o o e}
%o ? * ¢ * ¢ ? e 049 025 ®5- 0
s o o o o 4 s Joe o7o
0y 0 ) ) ) o o ) o

IA = Interactions
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1| Application in Visual-XSel
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Our software Visual-XSel is a powerful tool for all important statistical quality and relia-
bility methods. To get started, use the topic areas in the guide (see also
crgraph.de/en/themen-index), or the icon DoE.

Z8 Visual-XSel 20.0 - [noname.vxgn] - [m] DG
File Edit Insert Data Calculate Statistics Options Help
[=l==N ] b =t (),
ECESTE B RMPEFE GBS
% 6) g * Paste Diagram  Weibull Evalua DoE alyse Six Sigma Tools  Macro Dra % ?
Project
|
Visual-XSel 20.0
= S F g
X=149mm Y=1780mm Ste 1 H &3 g -———0——+10% g

Here you can find an introduction and a short video:
crgraph.de/en/visual-xsel-software/

Here you can also find some introductory videos:
crgraph.de/downloads/software/Visual-XSel Basis Functions.mp4
crgraph.de/downloads/software/Visual-XSel Methods.mp4

It is not for nothing that this software is used in many well-known companies
References

The following description is a guide and introduction to the topic shown

On the following pages the most important steps are shown. First use the Statis-
tical Experiments from the Main-Guide.

6 © 2025 CRGRAPH


https://crgraph.de/en/themen-index
https://crgraph.de/en/visual-xsel-software/
https://crgraph.de/downloads/software/Visual-XSel_Basis_Functions.mp4
https://crgraph.de/downloads/software/Visual-XSel_Methods.mp4
https://crgraph.de/en/referenzen
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The first step to create a DoE is to de- | | Visual-xsel Experiment X
fine the Factors (parameter). Push the Define | Response | Design | Adjustment | Optins |
button Quantitative for  continuing l .
measurable factors, or Categorical for Define new factor Factors Name  Quantative
factors described by text. The names @ Quanttative | [StinRod 1000 4500 )
should not be longer than 20 chars. 4% Categorca = St 000, 20000] ;";ﬂ'n %
PigtonPole [S0000; 400000]
Type for each factor the levels of the e oo
combinations and use optional a Unit. . \ x
I L mehr ..
If Difficult control is selected the order i ,
of the experiments is created with as T I biffest conio thH'”tr: P's?rs.enh?ve a.‘flc’.o!(bfo
few changes as possible are neces- |-—> [ Last factr e e green triangles (if visible),
ﬁ_;;ry_ . Lacts |t o [ — where the next input is
e option Last factor as.. means, tha
the combinations of all factors before T >

will repeated depending on there levels. |f Hardware is selected for some factors later on a list
can be shown of parts to provide.

Under the button Effects a little library

. . Effects / P et
of the most important physically effects =t FerameEER %
is available. Own factors can be added Title (Selection) el
here. Use a double click to use a selec- Ambient temp Qg:é]
ted item, which is then shown in the Ti- Phys fiechn, effects Examples
e Ty
. . . . Moment Self_heating
This library is a]so a good c.heck-llst, SO Stroke Temp. cycie
that no factor is forgotten in your pro- Speed Boiling temp
.eCt Prezsure Coldness
J . Flowe Freezing point
Electricity
Energy
Heat v

Via the rubric Response, one or more “Y” can be defined for the results of the DoE

The next step is to define the Model = | visua-xsel Experiment X
and the Type Of the eXperIment In thIS Define | Response Deesign lAdjustment] Opﬁnns]
example a quadratic model with interac- _ Hosel
tions is selected (this is sometimes Sampfos € Lincar
called Response-Service-Model). o o " interactions 14 |
PistonPole —P‘@ 'E
DampTube -
. . . . I o ¥ T Cubic+1A
Also certain triple interactions can also SutaRodhany wmieves: 5] mex
be defined. StiffnRed TrackPole Ieze mai
S carerone EN—c]
. . . DampRod*Stabi > [pemeros |-
The standard-type is D-Optimal, which DampRo¢ TrackPole l e
allows the most options. If the used type DamprodDampTuee
is not suitable for the model or the num- et Type —aryes e
ber of factors, you will get a message B ol @I: rulracors! éé: cen!
. aoue
later, or some options are grayed out. TrackPok-DampTube & N e
Sﬁft?nﬂ;;éizDﬂmDTUbe @ " Definitive Screen. @ " Box Behnk.
. . DampRod"2 e @ " Mixed
Right below the number of experiments Stabr'2 SET
. g TrackPole2
is shown + 3 for the number repetitions. PRTGTFoE
DampTube*2 ExE?ri_njEnts33+3 Candidates: 725
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On the next page it is possible to define
Constrains. Maybe there is a technical
restriction, which is not possible. In the
shown example the StiffnRod=4500
cannot be tested in combination with
DampRod=30. But DampRod=15 is
possible. To fix this constrain, push the
button New, which is below of the List. —

Note:

The view of the Factor combinations is
only possible for quantitative factors
and for D-Optimal design.

www.crgraph.com
Visual-XSel Experiment X
Define | Resp Design A lOptinns]
Factor combination Constraints
StiffiRod<=-79,55*DampRod+6011  Reset
= e g Left top
StiffnRod - & E Right top
c
é 3625 lﬁ m Right bottom
i . EI Left bottom
8 30
. m StiffnRod=DampRod
[ nadmissible ~ [PampRed
. stiffnRod<>DampRod
[ usable area g |19 % B
ol IE | e | =
List Avoid selectio
|- I
> Ry L I Conditioned constraint
[~ Definition above E
only use if

Hint: Constrains can be combined with
other conditions, so that only an edge
will be excluded from the DoE.

Under the rubric Options you can de-
fine additional experiments for D-Opti- —
mal design to ensure that the p-values
can be calculated in the evaluation later
on. The minimum is 1.

Under Additional you can define repe- -
titions with the same factor values to
determine the so called “pure error”.
This is needed to get the information of
the inaccuracy of the measurement-
procedure (equipment).

Alternatively Repetitions for each trial —

Visual-X5el Experiment

Define Respnnse] Design I Adjustment

Basiz experimentz

Min. number of experim. : 28

e
A

Miscellansous

Experiment -

Spreadsheet :

can be set. Under the button calc it is
possible to calculate how much trials
are needed to detect the effect sure.

Especially for D-Optimal designs, a
very important feature is the possibility
to use already existing measurements.

(" Additional
> Low levels 0 =
Central-points I —
Upper levels (1
\ optiona
Repetitions
Number calc... [ I

| nebensinander

Sum

Total number experiments 33+3

Use Inclusions and define the table
where are these results. The column-
names must be in the same order like
in the list before (first col. is always no.)

Now start to create the plan with button
Create. If D-Optimal is selected the ite-
rations begins.

Inclusions
[ Include existing experiments.
in sheet: T

if shest "Experiment”, then rename it

Candidate-Set D-Optimal
{+ All combinations (full-factorial)

" Selection from sheet:  |T1

Hint: For D-Optimal designs a pre-
defined table can be used, from
which the algorithm will try to get the
best determinant. This is an alterna-
tive to constrains, may be if complex
restrictions with categorical factors
are excluded from the sheet.

K

Terms 27 Candidates: 729
Experiments: 33+3

Total time: Omin 225

7
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Finally the table with the DoE matrix is A B ¢
Mo StifnRod DampRod
shown, where the empty column for the 1 2780 19
“response” have to be filled. 2l 1000 8
3 4500 8
4 2TAN 3n

The next step is to evaluate the results. For this please use

www.weibll.de/COM/Data_Analysis.pdf

www.crgraph.com

D E F G H
Stabi TrackPole PistonPole DampTube hd
12500 5750 225000 210000
20000 1500 2250000 210000

5000 5750 50000, 400000

Annn ANNNn Annnnn 24n0nn

Lo

If there are any suggestions or hints about this short introdution, please give us a feedback to

info@crgraph.de



