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El disefio de experimentos (DoE) es un meétodo cientifico de planeacion
y ejecucion de un “experimento” que se concentra en la causa (Y)
considerando el efecto e interacciones de las variables (x).

El objetivo del DoE es describir los resultados en una forma
matematica: y = f(x)

La ventaja del DoE contra un experimento comun es que se puede
encontrar la optimizacion real de un fendmeno desconocido:

L Prueba [ Presién Temp Y
ineas

desconocidas 75 1 125 30 74

para la persona 2 125 31 80

que esta 3 125 32 85
experimentando \\ n 4 195 33 92 |

5 125 A 34 86

6 130 33 85

135 7 120 33 90

130 +
125 -
120 -

Valor encontrado con un
experimento comun

Presion (psi)

’ Verdadero valor

7
/// . disponible con un

30 31 32 33 34 35 DoE
Temperatura (C)
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135 -
130 -
125 -
120 -

Presién (psi)

Lineas
desconocidas
para la persona
que esta
experimentando

85

80

75
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Prueba | Presidén Temp Y
1 125 30 74
2 125 31 80

30 31 32 33

Temperatura (C)

34 35

Valor encontrado con
un experimento comun

Verdadero valor

disponible con un

DoE
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« En las siguientes diapositivas se explicara un DoE para mejorar el
sabor de un café. Los factores a considerar en el ejemplo son: Azucar y
Agitacion (efecto de revolver con una cuchara).

» Los calculos de un DoE se pueden hacer a mano. Primero se va a
mostrar el proceso manual y luego su aplicacion con Minitab.

« La ventaja de Minitab es que ahorra muchos calculos que conllevan
tiempo.
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Ejemplo: Mejorar sabor de un cafée @_@

ONIVERSITAT
Factores (Xi) |Nivel 1(-) | Nivel 2 (+) Salida (Y) SR
Azucar (A) No azucar Un cubo de azucar 1 = Sin sabor
Revolver (R)  Norevolver Revolver 10 = Max sabor
_Exp |A| R | Y .
1 . _ 1 —@— Azicar () 9
Azdcar (+) g
2 + B 3 —@— Revolver (-)
3 - + 1 ar sl lnnlienlilier
4 + + 10 #
Efecto = Promedio (+) — Promedio (-) S
Efecto A=5,5 [ 7 3 /
Yy - _L.
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Ejemplo: Mejorar sabor de un cafée @_@
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Factores (Xi) | Nivel 1 (-) Nivel 2 (+) Salida (Y) UNIVERSITAT

Azucar (A) No azucar Un cubo de azucar 1 = Sin sabor
Revolver (R)  Norevolver Revolver 10 = Max sabor
_Exp |A| R | Y :
1 - - 1 —o—Azicar () 5 |
~0— Azicar (+) 5
2 + - 3 —@— Revolver (-) /
3 - + 1 e _6
4 + + 10 y ¢ /
Efecto = Promedio (+) — Promedio (-) 1
Efecto A=5,5 t . /

Si las lineas no son paralelas = interacciones ! :
Los factores son dependientes
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Ejemplo: Valor matematico del sabor @:@
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Promedio A (+) Grafica principal
2,75 _Exp | A

—@— Azlicar

—&— Revolver

———————————— 3,75

AW N =
-t

Promedio A (-)

&
-2 -1 0 1 2

Formula para calcular el valor del sabor:
Sabor=3,75+2,75*A+1,75*R+1,75* (A* R)
Sabor=3,75+2,75* (+1) + 1,75 * (+1) + 1,75 * (+1 * +1)
Sabor=3,75+2,75+ 1,75+ 1,75 =10
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Ejemplo: Minitab
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Stat Graph Editor Teools Window Help Assistant
i . - 1
Basic Statistics » |09E|“ﬂ@ A ﬂmﬁﬁﬂmﬁ “ﬁ = '4L|1‘-F ‘+|\£“
Regression r j|x| ‘ ToON 1M
i ANOVA 3
DOE + g Create Factorial Design... |
Control Charts » Response Surface  * |1 Define Custom Factorial Design.. Create Factorial Design
r«Cnaat:e Factorial Design uﬂ 4 5elect Optimal Design... Create a 2-level or full factorial design, or a
Plackett-Burman design.
b | Ee Pre-Process Responses for Analy:
Type of Design L |
" 2devel factorial (default generators): {2 to 15 factors) o - T
™ 24evel factorial (specify generators) (2 to 15 factars)
(™ 24evel split-plot (hard-to-change factors) (2 to 7 factors)
™ Plackett-Burman design (2 to 47 factors)
™ General full factorial design (2 to 15 factors)
MNumber of factors: I 2 vl Display Available Designs... |
Designs... | Eackors, ., |
Qphions, .. | Results, . |
Help | oK Cancel I
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Ejemplo: Minitab
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Stat Graph Editor Teools Window Help Assistant

Basic Statistics '|00 “ﬂ@, ﬂmﬁﬁﬂmﬁ “ﬁ 5= - ! 1|1 -‘+|\£“ﬂﬁ
Regression C -1 x - '
i\ ANOVA N J | Full Factorial Design
DOE ‘ Factora: 2 Base Design: 2; 4
Control Charts » Response Surface b || Buns: 4 EReplicates: 1
- ~ Blocks: 1 Center pts (total): a
Create Factorial Design u ’ |
3
Type of Design - || A11 terms are free from aliasing.
" 2devel factorial (default generators): (2 to 15 factars)
™ 24evel factorial (specify generators) (2 to 15 factars)
(™ 24evel split-plot (hard-to-change factors) (2 to 7 factors)
™ Plackett-Burman design (2 to 47 factors)
™ General full factorial design (2 to 15 factors)
MNumber of factors: I 2 vl Display Available Designs... | <
Designs... | Eackors, ., |
ophions. .. | Resulks, ., | @ Waorksheet 1 **
Help | oK Cancel | + (| c2 C3 4 5 Co (or)
StdOrder RunCrder| CenterPt| Blocks A R Y
1 2 1 1 1 1 -1 3
2 3 2 1 1 -1 1 1
3 4 3 1 1 1 1 10
4 1 4 1 1 -1 -1 1
5Nota: Por cuestiones didacticas no se muestra el

numero minimo de repeticiones (4) en el DoE.
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Ejemplo: Minitab
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Stat Graph Editor Tools Window Help Assistant
. .. 3, 1 m
Basic Statistics » |@°a‘]]ﬂ%|ﬁomﬁ1ﬂm’%%|”ﬁ - [I*I]I]I]?‘t ‘,|£
Regression » j|x| ”_T oOON ° 1M
AMOVA 2
DOE L Il Create Factorial Design...
Control Charts » Response Surface ¥ 17 Define Custom Factorial Design...
Quality Tools 4 Mixture M| [T Select Optimal Design...
Reliability/Survival L Taguchi + E?; Pre-Process Responses for Analyze Variability...
- N
Multivariate . Modify Design... g Analyze Factorial Design...
Time Series »
Display Design... Analyze Variability... E E
Tables » ik r J L1 Analyze Va i Analyze Factorial Design
Nonparametrics » LY Predict... Fit a model to afalctorlal design.
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Ejemplo: Minitab
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Stat Graph Editor Tools Window Help Assistant
Basic Statistics + |@° E””ﬂ%'ﬁo m ﬁIfI m’%%“]ﬁ 1 - u!u umu]“ﬂ ‘,| 2
Regression » j|x| ”_T OO\ ° 1M
AMOVA 2
DOE L Il Create Factorial Design...
Control Charts » Response Surface ¥ 17 Define Custom Factorial Design...
Pareto Chart of the Effects
(response is Y; o = 0,05)
Term 66,71
i Factor Name
| A A
| B R
A |
|
I
I
i
1
B |
|
1
1
|
1
AB |
|
1
|
I T T T T T T ! T
0 10 20 30 40 50 60 70
Effect
Lenth’s PSE = 5,25
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Ejemplo: Minitab
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Stat Graph Editor Tools Window Help Assistant
Basic Statistis @08 |[TRGOE N DnOEOG|| Ald b fv e
Regression 3 j|x| ”_T DO\ . |_‘1M
ANOVA »
DOE L Il Create Factorial Design...
Control Charts » Response Surface ¥ 17 Define Custom Factorial Design...
Pareto Chart of the Effects
(response is Y; o = 0,05)
Term 66,71
' Factor Name
' A A
i B R
A |
1
|
1
i
Coded Coefficients
B
SE
Term Effect Coef Coef T-Value P-Value VIF
Constant 3,750 * * *
AB A 5,500 2,750 * * # 1,00
E 3,500 1,750 * * * 1,00
A*R 3,500 1,750 * * * 1,00
) T T T T T
0 10 20 30 40 50 Begression Equatiocn in Uncoded Units
Effect
¥ =23,750 + 2,750 A + 1,750 B + 1,750 RA*R
Lenth’s PSE = 5,25
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Ejemplo: Minitab

Stat Graph Editor Tools Window Help Assistant Eﬁfvil\ggﬁlﬁ-
Basc Statstics I RER BRI CE IR T T e
Regressicn [ j | X |

{ ANOVA b
! DOE r Il Create Factorial Design...
Control Charts r Response Surface »| 1" Define Custom Factorial Design...
1 Cuality Tools r Mixture M| Il Select Optimal Design...
Reliability/Survival r Taguchi r E':'-; Pre-Process Responses for Analyze Variability...
! Multivariate [ ) )
E} Madify Design... Il Analyze Factorial Design...
Time Series L . . o
Display Design... [T Analyze Variability...
Tables g S—
* * =
Monparametrics » i';:g N N “Y Predict..
Equivalence Tests k| 1,750 * * E Factorial Plots... |
Power and Sample Size » () CubePlot. Factorial Plots
Regression Equation in Uncoded Tnits [l ContourPlot.. Plot the fitted means or data means to examine how the
@ Surface Plot... factors influence the response and whether the variables
¥=3,750 + 2,750 & + 1,750 R + 1,750 A% . interact.
Ii Owverlaid Contour Plot...

Response Optimizer... |
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Ejemplo: Minitab

Stat Graph Editor Tools Window Help Assistant

Basic Statistics

-

Q0H |UREO I NNOEOG

oo | @

Main Effects Plot for Y
Fitted Means

TECHNISCHE
UNIVERSITAT

R
7_
6 Variability...
5_
>
(Vi
o
g
2 ]
2 |
37 Factorial Plots
Plot the fitted means or data means to examine how the
2 factors influence the response and whether the variables
interact.
) |
T T T T
-1 1 -1 1
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Ejemplo: Minitab

Stat Graph Editor Tools Window Help Assistant Eﬁfvil\ggﬁlz\?r
Basic Statistics 0080l Nn0E0G | ea|@déd @)~
Main Effects Plot for Y
Fitted Means |
A R
7_
6 Variability...
54 Interaction Plot for Y
> Fitted Means
G
€ 4 A*R R
L 22ty R i —— -1
s 10 a -m- 1
37 /
8- //
i s
2 - s
o s
o 6 /
1- c /
T T 8 //
! ! = 4- /
/
/
s
2- /
s
0_ T T
A1 1
A
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