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Taguchi modszere a néigég kisérletes javitasara

1. példa

Ina Tile: sok a selejt — a kemence kilonb@pntjain a
homérséklet nem azonos

A kemence attervezése és atepitése helyett a csempe-massza
recepturajat valtoztattak meg ugy, hogy az ne legyen annyira
érzekeny az égetésmersékletére.

csempe
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2% terv (régi szint a szirke):

faktor -1 +1
A | agalmatolit tipusa jelenlegi olcsobb
B |az adalek szemcsézettsége [ durva finom
C | meszkK mennyisege 5% 1%
D | selejt-visszaforgatas 0% 4%
E | bet6ltott mennyiség 1300 kg {1200 kg
F | agalmatolit mennyisege 43% 53%
G | féldpat mennyisége 0% 5%

(az agalmatolit draga)



A B C D E F G selejt %
1 -1 -1 -1 -1 -1 -1 -1 16.0
2 +1 —1 —1 +1 +1 —1 +1 17.0
3 -1 +1 -1 +1 -1 +1 +1 12.0
4 +1 +1 -1 -1 +1 +1 -1 6.0
5 -1 -1 +1 —1 +1 +1 +1 6.0
6 +1 -1 +1 +1 -1 +1 -1 68.0
7 -1 +1 +1 +1 +1 —1 -1 42.0
8 +1 +1 +1 -1 -1 -1 +1 26.0




hatas b sorrendvalasztandé
atlag/tengelymetszet 24.125 24.1P5
A |agalmatolit tipusa 10.250 5.125 V| -1 (jelenleqi)
B |adalék -5.250 | -2.625 VI | +1 (finom)
szemcseézettsege
C |mészk mennyisége 22.750 11.375 I -1 (5%)
D [selejt-visszaforgatas 21.250 10.625 I —1 (0%)

E | betdltott mennyiség -12.750  -6.315 M +1 (1200 kg)
F [agalmatolit -2.250 | -1.125| VI </+1 (53%)\>
mennyisége N~

G |foldpat mennyisége -17.75p  -8.87%5 | +1 (5%)

Nem az okot, hanem a kbvetkezmeényt enyhitettek



b Valasztott szintx)| b*Xx

atlag/tengelymetszet 24.12b5
A [agalmatolit tipusa 5.125 -1 -5.125
B |adalék szemcsézettsege —2.625 1 —2.625
C |mészl mennyisege 11.375 -1 —11.375
D |selejt-visszaforgatas 10.62% -1 —10.625
E [betoltott mennyiseg —6.375 1 —6.375
F [agalmatolit mennyisége -1.12bH -1 1.1P5
G |foldpat mennyisége —8.875% 1 —-8.8Y5

becsult —19.75
Meglep!

Nem normalis (hanem binomialis) eloszlas szerinti ingadezasm
konstans!

Var(hj _ plL=p) y =arcsin/ p

n n



1 2 3 4 5 6 7 8 9

AGALM_TY |GRANUL_A| LIME_ADD WASTE_RE | CHARGE| AGALM_CO| FELDSPAR | DEF_NO | TRAF_DEF
1 -1 -1 -1 -1 -1 -1 -1 16 26.2
2 1 -1 -1 1 1 -1 1 17 27.1
3 -1 1 -1 1 -1 1 1 12 22.5
4 1 1 -1 -1 1 1 -1 6 15.8
) -1 -1 1 -1 1 1 1 6 15.8
6 1 -1 1 1 -1 1 -1 68 61.7
I -1 1 1 1 1 -1 -1 42 44.9
8 1 1 1 -1 -1 -1 1 26 34.1

TRAF_DEF=ArcSin(Sqrt(v8/100))*200/Pi




y =arcsin,/ p

(grad: 100 a dereksz6g)

hatas b valasztott |  b*x
szint ()

atlag/tengelymetszet 30.97530.975
A |agalmatolit tipusa 7.30p 3.650 | -1 -3.650
B |adalek szemcsézettsede  -3.354.675| 1 -1.675
C | mészk mennyisége 16.250 8.125| -1 -8.125
D | selejt-visszaforgatas 16.1008.050 | -1 -8.050
E | bet6ltott mennyiség -10.300-5.150 | 1 -5.150
F | agalmatolit mennyisegg  -4.150-2.075| -1 2.075
G | foldpat mennyisége -12.3(00-6.150 1 -6.150

becsdilt 0.250

Visszatranszformalva: 2.2-306 a becsllt selejtarany.




Taguchi tranzisztor-példaja: a tranzisztor teljesitmény-témpgez
flggvényében az aramkor kintefeszlltsége:

A kimeno fesziltseg

130V eloirt értéke 115V

Nem az okot
szuntettik meg,
hanem a
kOvetkezményét
T csOkkentettik

115V




A Taguchi-fele midség-fogalom és a négyzetes

vesztesegfuggveny
A veszteseg A ’
hagyoményos veszteseg
— — Taguchi
>
. T ) mindségi jellemzd o
P tarési tartomany) . ——
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y a kérdéses miiseqi jellemd, T az ebirt ertéke (target), a
vesztesegfliggveny Taylor-polinommal kdzelithet

Ly = LT + LMy -T) + LY 'Z!T) + [

L(T)=L"(T)=0
a masodfokunal magasabb tagokat elhagyjuk
L(y) =k(y-T)*

A k egyitthatd meghatarozasahoz egyetlen dsszetdripzo
értekpar elegeréd
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2. példa

A televizio-készulekek tapegysegeéenekirlkimend

feszlltsége 115 V. Amennyiben az elterés 10 V, & aev
szervizhez fordul, a javitas koltsége ekkor 100 $.
Hatarozzuk meg a veszteség-fuggvkmgnyedjenek érteket!

100%$=k 10 és k= SN2

3. pelda

Milyen eltérést szabad a gyartonak az izemben megengednie, ha
a helyi javitasi (potlasi) koltség 10 $?

A=V tolerance design
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A minoseqi jellemd a termék-sokasagra valdésizsegi valtozo.
A veszteseg-fliggveny ertéke is valosiziggi valtozo.

Varhato értéke:

E[L(Y)] =k E|(y-T)?| = K{E|(y- )]+ (u-T)?} =Klo? + (- T)?]

kGzepes négyzetes hiba (mean square error)

A veszteseg-fliggvény varhato érteke tehat annal nagyobb, minél
nagyobb az ingadozas es mineél nagyobb az atlagnakietz el
értekbl valo eltérese.

Szamolni lehet vele!
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Egyenletes és normalis eloszlas szerint ingadozésam jellems

VAN
T

megfeleb io kivalo  jo megfeled
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68%

% 2*20%=4%

" ek
elf j6 kivalo jo elf

A veszteség-fuggvény varhato ertékének becsiesatbol
allo mintara (atlagos veszteség):

L) = KXy -T) =K 2+ (-1

15



Faktorok a mifiségjavito kisérlettervezésnél

Két 6 csoport
» kézbentarthato faktorok (pl. a csempe 6sszetétele ill. a

sablon merete)
o zaj-faktorok: az adott technoldgiai megvaldsitasnal nem

allithatok be (pl. a kemence kilonlegzszeinek
homerseklete)
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kézbentarthato faktorok

YYYYYYYYYY

gyartas >

TR

zajfaktorok
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A zaj-tipusok:

O kllso zaj: terméknél kulonbdzhasznalati kdrilmeények,
kornyezeti feltételek, gyartasnal is a kornyezeti feltételek
valtozasa;

0 bel zaj: terméknél idbeli vagy a hasznalat soran
bekbvetked valtozasok, gyartasnal a berendezeées kopasa,
elallitodasa;

0 egyedenkénti kilonbség: az egy olmkn, azonos
korilmeények kdzott gyartott termek-példanyok gsagi
jellemzojének ingadozasa.
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A cél

O kllonbdz kornyezeti feltételek kdzaott jol Gkodo,
0 a hasznalat soran kevéssé romlo,

0 egyedenként kevésse ingadozo dségi termék
ll. gyartas kialakitasa
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Mely faktorok hatnak
e a Szorasra

e az atlagra

e mindketbre

» egyikre sem.

A felderitées modszere a ol tervezett kiserletsorozat.
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A zaj az ismétlesek szorasaban tlkiaik

4. pelda

Egy gépkocsi-ipari beszallitonal furatba préselnek egy tengelyt, a
cél a kiszakitasi nyomatéko@it minimalis értekének elérese.

jel | faktor neve 1. szintje 2. szintje

A | ragaszto tipusa Permabond Al12] Loctite 263
B ragaszto tomege 0.064 g 0.04 g

C | tengely-tisztitas ahogy szallitjak tisztitva

D | haz-tisztitas ahogy szallitjak tisztitva

E | bepréselési nyomas 40 NM 45 NM

F | allasiid 24 h 12 h

G | ragaszto alkalmazasi modja  racsoppentve korulkenve
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Minden beallitast 10-szer valésitanak meg (milyen ismetlés a j0?).

A meresi eredmeények: kiszakitasi nyomatek, Nm

atlag| szoras
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atlag=mean(v8:v17)

szoras=stdev(v8:v17)
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A faktorok hatasa az atlagra (logaritmalt adatok)

User-defined S/N Ratio

3.85

3.80

3.75

3.70

3.65

3.60 |

3.55 |

3.50

Average Eta by Factor Levels
Mean=3.68099 Sigma=.172436 MS Error= ---

df=0
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A zajt terv szerint generaljuk (szorzat-terv)

5. pelda
(Box és Jones, Journal of Applied Statistics, 19 31282)

A stuteményporok felhasznalasanal problemat okoz, hogy a
haziasszonyok nem tartjak be pontosan airtedlitv-homer-
sékletet és sltesiat A feladat olyan siiteménypor-dsszetétel
kidolgozasa, amely ilyen szempontbdl robusztus.

Kézbentarthato faktorok: a tojaspor mennyisége, a liszt
mennyisége €és a zsiradék mennyisége; zaj-faktorok: a sités
homérséklete es éartama.

A figgo valtozo: a stitemeny elvezeti értéke 1-7 skalan.




Aterv és az eredmenyek:

1do — + — +
hom. — — + +
atlag | szoras
liszt | zsir | tojas
1| - — — 1.3 1.6 1.2 3.1 1.80p 0.883
2] + — — 2.2 5.5 3.2 6.5 4.350 1.991
3| - + — 1.3 1.2 1.5 1.7 1.42b 0.222
4 + + - 3.7 3.5 3.8 4.2 3.800 0.29¢4
5] — - + 1.6 3.5 2.3 4.4 2950 1.245
6| + — + 4.1 6.1 4.9 6.3 5.350 1.03B8
71 - + + 1.9 2.4 2.6 2.2 2.275  0.299
8| + + + 5.2 5.8 5.5 6.0 5.625 0.35D

Az eredményeket atlagra és szorasra dolgozzuk fél (nem igazi
szoras, de ...).
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1 2 3 4 5 6 7 8 9
liszt ZSir tojas yll y21 yl2 y22 atlag szoras
1 -1 -1 -1 1.3 1.6 1.2 3.1 1.8 0.883
2 1 -1 -1 2.2 5.5 3.2 6.5 4.35 1.991
3 -1 1 -1 1.3 1.2 1.5 1.7 1.425 0.222
4 1 1 -1 3.7 3.5 3.8 4.2 3.8 0.294
5 -1 -1 1 1.6 3.5 2.3 4.4 2.95 1.245
6 1 -1 1 4.1 6.1 4.9 6.3 5.35 1.038
7 -1 1 1 1.9 2.4 2.6 2.2 2.275 0.299
8 1 1 1 5.2 5.8 5.5 6 5.625 0.350
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Effect Estimates; Var.:atlag; R-sqr=.99108; Adj:.93753 (Torta_m_sdj)

2**(3-0) design; MS Residual=.1582031

DV: atlag
Effect Std.Err. t(1) p Coeft.
Factor
Mean/Interc. 3.446875 0.140625 24.51111) 0.025958 3.446875
(1liszt 2.668750 0.281250 9.48889 0.066844 1.334375
(2)zsir -0.33125C  0.281250  -1.17778 0.448146  -0.16562t
(3)tojas 1.206250 0.281250C 4.28889  0.145829 0.603125
lby?2 0.193750 0.281250 0.68889 0.615972 0.096875
1by3 0.206250 0.281250 0.73333/ 0.597180 0.103125
2by3 0.131250 0.281250 0.46667  0.722035 0.065625
§ 25|
K
€
(@]
zZ
< 20}
3]
T
4 (Dfiszt
S 15}
T
£
’cZS (3)gjas
= 10¢
% (2)gsir
o)
2 1hy3
8 05} of
i 1by2
2by3
0.0 : . . . . .
-0.5 0.0 0.5 1.0 1.5 2.0 25 3.0

O - Interactions ©

Effects (Absolute Values)

- Main effects and other effects

.99
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1 .85
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1.65

.45
.25

.05
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Expected Half-Normal Values (Half-Normal Plot)

DV: széras

3.0
.99
25t -
2.0t 1 o5
(2)6sir
L5t 1.85
1by3 75
1.0 1 65
(Lliszt
1b 45
0.5} ¥ .
2by3 25
(3)tgjas o5
0.0 : : . : : : : :
00 01 02 03 04 05 06 0.8 1.0
Effect Estimates; Var.:széras; R-sqr=.92315; Adj:.46208 (Torta_m_sdj)
2**(3-0) design; MS Residual=.2092192
DV: széras
Effect Std.Err. t(1) p Coefft.
Factor
Mean/Interc. 0.790167 0.161717 4.88611 0.128517 0.790167
(Lliszt 0.256080 0.323434 0.79175 0.573661 0.128040
(2)zsir -0.997967 0.323434  -3.08553 0.199524  -0.498984
(3)tojas -0.114723 0.323434  -0.3547C 0.783003 -0.057362
1by2 -0.19405€ 0.323434  -0.5999¢ 0.655965 -0.097028
1lby3 -0.33406€ 0.323434  -1.03287 0.489706 -0.167033
2 by 3 0.180963 0.323434 0.55951 0.675253 0.090482 31




Vegyuk észre, hogy a szorzat-terv folfoghatd egyettaar@ként is!

liszt zZsir tojas | ido hom |y liszt zZsir tojas | ido hom |y
1 -1 -1 -1 -1 -1 1.3 17 -1 -1 -1 -1 1] 1.2
2 1 -1 -1 -1 -1 2.2 18 1 -1 -1 -1 1| 3.2
3 -1 1 -1 -1 -1 1.3 19 -1 1 -1 -1 1] 1.5
4 1 1 -1 -1 -1| 3.7 20 1 1 -1 -1 1| 3.8
5 -1 -1 1 -1 -1] 1.6 21 -1 -1 1 -1 1] 2.3
6 1 -1 1 -1 -1) 4.1 22 1 -1 1 -1 1| 4.9
7 -1 1 1 -1 -1 1.6 23 -1 1 1 -1 1] 2.€
8 1 1 1 -1 -1] 5.2 24 1 1 1 -1 1| 55
9 -1 -1 -1 1 -1 1.6 25 -1 -1 -1 1 1| 3.1
10 1 -1 -1 1 -11 55 26 1 -1 -1 1 1| 65
11 -1 1 -1 1 -1 1.2 27 -1 1 -1 1 1] 1.7
12 1 1 -1 1 -1{ 3.5 28 1 1 -1 1 1| 4.2
13 -1 -1 1 1 -1/ 3.5 29 -1 -1 1 1 1| 44
14 1 -1 1 1 -1] 6.1 30 1 -1 1 1 1| 6.3
15 -1 1 1 1 -1 2.4 31 -1 1 1 1 1| 2.2
16 1 1 1 1 -1| 5.8 32 1 1 1 1 1| 6.C
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Effect Estimates; Var..y; R-sqr=.96011; Adj:.9227 (Torta_full5j)

2**(5-0) design; MS Residual=.2345313

DV:y
Effect p Coeff.
Factor
Mean/interc. 3.446875_ 0.000000  3.446875
(1)iszt 2.668750  0.000000  1.334375
(2)zsir 10.33125C  0.070917  -0.165625 5, | | | | | |
(3)tojas 1.206250  0.000003  0.603125
(4)ido 1106250 0.000008  0.553125
(5)hGmeérséklet 0.531250, 0.006841  0.265625
1by 2 0.193750  0.274486  0.096875F 2.5 | ]
1by3 0.206250  0.245879  0.103125}
1by4 0.306250  0.092623  0.153125F
1by5 0.006250  0.971333  0.003125F .
4 | (1)Iészt
2by 3 0.131250 0.454508  0.065625F 2.0
2by 4 -0.91875C.  0.000063  -0.459375 <
2by 5 0.218750 0.219620  -0.109375; (ajés
3by 4 -0.031250  0.857472  -0.015625F g
3by5 -0.08125C  0.641531  -0.040625p 1 [ (4)do ]
4by5 0.068750 _ 0.693343 __ 0.034375F o
5 of
= 10} .
7 LI 124 e “e 7 I
zsir-idb kolcsonhatas— ¢ &
O
’ 7 g
zsir befolyasa az g os| |
= V4 7 V4 7
Ingadozas mertékeére
0.0 - - - -
05 0.0 0.5 1.0 15 2.0 25 3.0

O - Interactions © - Main effects and other effects
Effects (Absolute Values)

Y=l +hx %, X +6,Z, + Gz + A, 2,
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Pareto Chart of the Standardized Effects
(response isy, a = 0.05)

Factor Name

A
B
C
D
E

liszt

zsir

tojas

idd
hémérséklet

0 2 4 6 8 10 12 14

Standardized Effect

Kisérlettervezés

16
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by -0.166
b4 0.553
bos -0.459

Az idj valtozdsanak
kovetkezménye

Vaily)=ca? +(c, +d,)o? =

(x2) zsir| &4) ido | boxo DaX4 D2aXoXa Y része

- - 0.166 -0.553 -0.459 -0.846 2.024
- + 0.166 0.553 0.459 1.178

+ - -0.166 | -0.553 0.459 -0.260 0.188
+ + -0.166 | 0.553 -0.459 -0.072

Lehetne 2 helyett 2-1tervet is hasznalni!
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Y=y +hx +bX. . +b +C,Z, + Gz + 4, %2,

Hatas p koeff.
Konstans 3.446875| 0.000000 3.446875
(Dliszt 2.668750| 0.000000 1.334375
(2)zsir -0.331250 [ 0.070917| -0.165625
(3)tojas 1.206250| 0.000003 0.603125
(4)idd 1.106250 0.000008 0.553125
(5)hdmérséklet 0.531250 0.006841 0.265625
1by?2 0.193750 0.274486 0.096875
1by3 0.206250| 0.245879 0.103125
1by4 0.306250| 0.092623 0.153125
1by5 0.006250| 0.971333 0.003125
2 by 3 0.131250 0.454508 0.065625
2by4 -0.918750 0.000063 -0.459375
2by5 -0.218750 0.219620 -0.109375
3by4 -0.031250 | 0.857472 -0.015625
3by5 -0.081250 0.641531 -0.040625
4 by 5 0.068750| 0.693343 0.034375

= (0.5531-0.4594x, )’ 0’ +0.2656°07
A minimum x,=1-nél van (tobb zsir),

hajszalnyival 1 f6l6tt, de nem biztos,
hogy érvenyes az extrapolacio.
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6. pelda
Y. Wu, A. Wu: Taguchi methods for robust design
(ASME Press, 2000), p. 169

Aranyozas
Cel: a bevonat vastagsaga legyen legalalgins0
minel kisebb ingadozassal
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Faktorok és szintjeik

1 2 3
A Gold concentration 0.7-0.75 1.1-1.15
B Current density 2.0 1.5 1.0
C Temperature 95 105 115
D | Barrel speed 10 15 20
E Anode size 1/4 1/2 1/1
F Load size 1/4 1/3 1/2
G pH 4.2 4.3 4.4
H Nickel concentration 600 650 700
N Location off-center center

mindket helyzetbl két minta
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Aterv és az eredmeéenyek

A |B C D E F G H N,
1 1 1 1 1 1 1 1 1 83 | 88| 90| 91
2 1 1 2 2 2 2 2 2 /3| 73| 83| 81
3 1 1 3 3 3 3 3 3 57 | 58 | 65| 69
4 1 2 1 1 2 2 3 3 55 | 59| 61| 67
5 1 2 2 2 3 3 1 1 /3| 75| 76| 79
6 1 2 3 3 1 1 2 2 58 | 60| 68| 72
/ 1 3 1 2 1 3 2 3 44 | 49 | 55| 58
8 1 3 2 3 2 1 3 1 o0 | 54| 57| 64
9 1 3 3 1 3 2 1 2 64 | 65| 66| 68
10 |2 1 1 3 3 2 2 1 41 79| 86| 94
11 |2 1 2 1 1 3 3 2 /5| 78] 90| 94
12 | 2 1 3 2 2 1 1 3 /0| 76| 52| 88
13 |2 2 1 2 3 1 3 2 /1| 80| 87| 95
14 | 2 2 2 3 1 2 1 3 48 | 56| 59| 65
15 | 2 2 3 1 2 3 2 1 66 | 67| 79| 86
16 | 2 3 1 3 2 3 1 2 45 | 53| 58| 64
17 | 2 3 2 1 3 1 2 3 60 | 67| 66| 73
18 | 2 3 3 2 1 2 3 1 5/ | 65| 79| 83
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OO0 ORFPOOOTO O B O

o

AlB[C|D]E G| H s S Snner | Y, Y, |V S
N 1
1 (2 fafalafal ]2l 88 90 91 3.56 3.586/07 | 2.550 | 85.5| 90.5 88.00 3.53
2 (21 f2]2]2] 2] 2] 2 78 83 81 5.26 0.000414 | 1.000 | 73.0] 82.0 7750 6.36
3212133 3]3] 3] 3| 571 5B 65 69 5.74 0.7aB28 | 2.062 | 57.5| 67.0 6225 6.71
4 11211 2]2] 3] 3] 55 5p 61 67 500 2.82a8243 |3.606 | 57.0] 64.0 60.50 4.95
5 (1 (221233 1] 2] 73 76 76 79 250 1.42421 |1.803| 74.0| 77.5 75.7% 2.47
6 |1 2331 1] 2] 2] 58 6p 68 72 6.6 1.42828 |2.236| 59.0| 70.d 6450 7.77
7 21312213 2] 3] 44 40 95 58 6.24 352621 |2.915]| 46.5| 56.5 51.50 7.07
8 [1[3[2[3]2] 1] 3] 1] 50 sk 57 64 591 2.82950 | 4.031 | 52.0| 60.5 56.25 6.01
9 [1]3[3]1]3]2] 1] 2] 64 65 66 68 1.71 0.707414 | 1.118 | 645 67.d 65.7% 1.76
2 (111233 2]2]1 79 86 94 8.6Pp 3.83%57 | 4.717 | 76.5| 90. 83.25 9.54
2 2 l2]12]1]3]3]2 78 90 94 9.1B 2.121828 | 2.500 | 76.5| 92.0 84.2% 10.9
2 12 [3]2]2]1] 1] 3 76 5P 88 15.p0243(25.456| 18.249 73.00 70.d 7150 2.12
2 2 112]2]3]1] 3] 2 8b 87 95 10.,m.364|5.657 | 6.021 | 75.5| 91.0 83.25 10.9
2 (2 1213]1]2] 1] 3 56 50 65 7.0f 5.687243 |[5.000 | 52.0] 62.00 57.00 7.07
2 (2 13f2]2]3] 2] 1 6y 79 86 9.6B 0.7@M50 | 3.536 | 66.5| 82.5 7450 11.3
2 (3 123[2]3] 1] 2 5B 58 64 8.04 5.687243 | 5.000 | 49.0] 61.0 55.00 8.48
2 (3121213 1] 2] 3 6y 66 73 5.3p 4.98050 | 4.950 | 63.5| 69.5 66.50 4.24
2 (3 [3|2]1]2]3]1 65 79 83 12.®657(2.828 | 4.472 | 61.0/ 81.0 71.00 14.1

A~ WOTFE B O
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Kiértékelés az atlagos vastagsagra

avav

78

76

74 |

12

70

68

66

64

62

60

58

Awerage Eta by Factor Lewels
Mean=69.3472 Sigma=11.1659 MS Error=2.57292 df=2

(Dashed line indicates +2*Standard Error)
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Kiértékelés a vastagsag helyek kdzotti szorasara

In(s_av)

2.2

21 ¢

20}

19 ¢t

1.8t

1.7

16t

15¢

1.4t

13 ¢t

1.2t

1.1

Awverage Eta by Factor Lewels

Mean=1.79476 Sigma=.600592 MS Error=.161124 df=2
(Dashed line indicates +2*Standard Error)
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In(s_inner)

Kiértékelés a helyeken bellli ingadozasra

1.7

1.6

15¢t

1.4 ¢t

1.3 ¢

1.2

1.1+

1.0t

09t

0.8

0.7

0.6

Awerage Eta by Factor Lewels

Mean=1.20318 Sigma=.666917 MS Error=.152282 df=2
(Dashed line indicates +2*Standard Error)
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az atlagos vastagsagra: A, B, D, E, F+B, D, E
a vastagsag helyek kozotti szorasara: G

a helyeken bellli ingadozasra: A, F, H
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az atlagos vastagsagra:

a vastagsag helyek k6zotti szorasara:

a helyeken bellli ingadozasra:

Kisérlettervezés
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A minoéségjavito kisérlettervezes
célfiggvényei

Névleges a legjobb

E[L(Y)] = kE(y- T¥]= ko® +(u- 7] =min

Ha a variancia nem fligg a varhato erdélazt kell ebszor
minimalizalni, majd a varhato ertéket szerint optimalisan
beallitani.
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Ha o~u, a variancia helyett @/yu aranyt kell
minimalizalni.

Reciproka g/ o un. jel/zaj viszony (signal/nois&N),
illetve annak logaritmusa (un. decibel skala)

s V’
N=-10lg— = 10lg>5
S Ogyz 0'952
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Minel kisebb, annal jobb (Smaller the better) eset

E[L(Y)] = KE(y- T7]= ko® + (- 7] =min

itt T=0

E[UY] = kH ¥]= K §(yur]+u} = fo? +47]
E(y)=%Zy3= nT_lszwzj

1
Taguchi: SN, = —10lghz y,z} = max
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7. példa
G. Taguchi: Introduction to quality engineering
Asian Productivity Organization, 1986, p. 127

Szivattyu kopasanak optimalizalasa

Kézbentarthato faktorok: 4 2 szinten
Zaj-faktor: a tengely 8 pontja
y: kopas im]

Taguchi_pl27.ste

Standard [Design: 2**(3-0) design (Spreadsheetl)

Run A/ B/ C/ D E|R1R2Z R3/R4|/R5 R6|R7  R8| mean sd Insd

1 -1 -1 -1 -1 -1 12 12 10 13 3 3 16 20 11.125 5.866065 1.769184
2 -1 -1 1 1 1 6 10 3 5 3 4 20 18 8.625 6.802048 1.917224
3 -1 1-1 1 1 910 5 4 2 1 3 2 4.5 3.338092 1.205399
4 -11 1-1-1 8 8 5 4 3 4 9 9 6.25 2.492847 0.913425
5 1 -1-1-1 116 14 8 8 3 2 20 33 13 10.21204 2.323567
6 1 -1 1 1 -118 26 4 2 3 3 7 10 9.125 8.626165  2.1548
7 1 1 -1 1 -1 14 22 7 5 3 4 19 21 11.875 8.043409 2.084853
8 1 1 1 -1 1 16 13 5 4 11 4 14 30 12.125 8.64271 2.156716
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Effect Estimates; Var.:Insd; R-sqr=1. (Taguchi_pl127.st

5 factors at two levels
DV: Insd: =log(sd)

Factor Effect Coeff.

Mean/Interc. | 1.81564€ 1.81564¢
(1)C -0.06021C -0.03010t&
(2)B -0.45109t -0.22554¢
(3)A 0.72867€¢ 0.36433¢
(4)D 0.04984€¢ 0.02492¢
(5)E 0.170161 0.085081
1 by 3 0.01175& 0.00587¢
1by5 0.33269€ 0.16634¢

3.0

Probability Plot; Var.:Insd; R-sqr=1.
5 factors at two levels
DV: Insd: =log(sd)

Confounding of Effects |
Alias | Alias

Factor 1 2

(DA 4*5

(2B 3*4

(3)C 2*4

(4)D 1*5 2*3

(5)E 1*4

lby2 3*5

1by3 2*5

Expected Half-Normal Values (Half-Normal PI

257+

20 ¢

157

10+

05¢

0.0

(3)A

(2)B
(@]

1@/5

-0.1

O

0.2 0.3 0.4 0.5 0.6 0.7
- Interactions © - Main effects and other effects
Effects (Absolute Values)
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0.8

0.9

1.99

1.95

1.85
75
1.65

45

.25
.05



1.75

{.01

Effect Estimates; Var..mean; R-sqr=1. (Taguchi_p127.st
5 factors at two levels
DV: mean
Factor Effect Coeff.
Mean/Interc. | 9.5781Z 9.5781¢
(1)C -1.09375 -0.5468¢
(Z)B -1.7812% -0.89062 Probability Plot; Var.:.mean; R-sqr=1.
(3)A 3.9062E 1.9531¢%= 5 factors at two levels
(4)D -2.0937¢E -1.0468830 DV: mean
(5)E -0.03125 -0.01562[ " |
1 by 3 -0.71875 -0.3593¢p° :
1by5 2.71875 1.3593€po}
15 (3)A
) 3 ©
E 1.0
Confounding of Effects | g 0.5}
Alias | Alias S 0.0 b
Factor 1 2 < T
(DA 45 € 05F
(2)B 3*4 3 :
(3)C 2+4 S -10¢
(4)D 1*5 2*3 - i
(5)E 1*4 -1.5 '
1by2 3*5 2ok
1by3 2*5 i
-2.5
30t : : : : : : :
-3 -2 -1 0 1 2 3 4
O - Interactions © - Main effects and other effects
Effects

51

1.99

1.95

.55

1.35

1.15

1.05



Insd = -0.7228+1.1508*x

Insd

28
nmean a| A=1-a|transzformacio
2 -1 1y
1.5 -0.5 1/.y
1 0 Iny
05 0.5 JYy
0 1| (nincs trafd)
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Factor

Effect Estimates; Var.:atlagln; R-sqr=1. (Taguchi_p127_In)
5 factors at two levels
DV: atlagln: =mean(InR1:InR8)

Effect | Coeff.

Mean/Interc.

1.959936 1.959936

(DA 0.357952 0.178976
(2)B -0.174156 -0.087078
(3)C -0.042452  -0.02122¢
(4)D -0.320697  -0.160349
(B)E -0.096991  -0.04849¢ Probability Plot; Var.:atlagin; R-sqr=1.
lby?2 0.385961 0.192980 5 factors at two levels
1by3 -0.131454  -0.065727 DV: atlagin: =mean(InR1:InR8)
3.0 T T T T
5
Confounding of Effects | & Hs51 -
, X <
Alias | Alias £
Factor 1 2 §
(DA 4*5 £ 50l ]
(2)B 3%4 T
(3)C 2%4 o
4D 1*5 2*3 =
@) . S 15] -
(5)E 1*4 =
1 by 2 3*5 g
1by3 2*5 S
Z 10} :
©
T
©
Q
S 05 .
o
x
]
0.0 . . . .
0.0 0.1 0.2 0.3 0.4 0.5

(]

- Interactions © - Main effects and other effects
Effects (Absolute Values)
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Effect Estimates; Var.:Insdin; R-sqr=1. (Taguchi_p127_In)

5 factors at two levels
DV: Insdin: =log(sdIn)

Factor Effect | Coeff.

Mean/Interc. -0.29083C -0.29083C
(DA 0.253666 0.126833
(2)B -0.215791  -0.107896€
(3)C -0.169953  -0.084977
(4)D 0.174053 0.087027
(5)E 0.143061 0.071530
lby2 0.017812 0.008906
1by3 0.108075 0.054038

Expected Half-Normal Values (Half-Normal Plot)

Probability Plot; Var.:InsdIn; R-sqr=1.
5 factors at two levels
DV: InsdIn: =log(sdin)

3.0 T T T T T T
o5 | 1 .99
2.0 | 1 .95
(LA
15 ¢ 1 85
(2)B
3 .75
10t (48D 1 65
3)C
(3 .45
0.5 (GJE .
1%3 .25
1lby2
0.0 8 : : : : : 05
-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30

O -|Interactions © - Main effects and other effects
Effects (Absolute Values)
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Minel nagyobb, annal jobb (Larger the better) eset

Taguchi:T=c0 , vagyis 11=0 az elérendt

E[L(Y)] = KE(y- T7]= ko® + (- 7] =min

& és i kuloén tanulmanyozhato

1 1
Taguchi: SN = ﬂo'Q{ﬁZ?}

A mutato igen érzékeny a kiugro értékekre!
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A veszteségfuggvény alkalmazasa diszkrét valtozdkra

A mintaban talalt selejtes darabok aranya binomialis eloszlast
kOvet .

1
1-p

darabot kell ahhoz gyartani, hogy 1 jo legyen

A veszteseq: L( p) = kﬁ (logit vagy omega transzformacio)

aholk az egy darab é&dllitasanak koltsége

SN= —10Igl—
y = arcsin\/?) is hasznalhato
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8. példa

Froccsontés optimalizalasa y' = arcsin(\/B)

Effect Estimates; Var.:traf _rep_ureges; R-sqr=.97648;
Factor Adj..91767

10 Factor Screening Design; MS Residual=26.5862

DV: traf_rep_ureges: =ArcSin(sqrt(rep_ureges

%/100))*57.297*100/90

Effect Std.Err. t(4)
Mean/Interc. 38.5680| 1.488461| 25.91134 0.000013
Curvatr. 12.5600 [ 6.656601 | 1.88685 0.132230
(1)Befroccsolés sebesség 6.3492 | 2.976922| 2.13282 0.099891
(3)Utannyomas ideje 11.6581 | 3.645971| 3.19753 0.032978
(4)Atkapcsolasi pont -15.1806 | 3.645971| -4.16366 0.014103
(5)Torlonyomas -21.6076| 3.645971| -5.92643 0.004062
(6)Adagolasi sebesség -13.2001 | 3.645971| -3.62047 0.022348
(8)BarreltT -18.2480 | 3.645971] -5.00498 0.007464
(9)ColdSideT 19.2820| 3.645971| 5.28857 0.006134
(10)HotSideT 22.3711] 3.645971| 6.13585 0.003576
1hby?2 45.6010| 6.315006| 7.22106 0.001951
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eset

SN(Taguchi)

javasolt

névleges a legjobb

~10lg s

vagy

=2
10lg y_

~10lgs;
(haa=0)

-10lg 57,
(haa=1)

minél kisebb, annal jobb

F

10( 1y

=~ -10Ig (s* + y?)

minél nagyobb, annal job

N\

b

selejtarany
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9. példa

J.J. Pignatiello, J.S. Ramberg: J. Quality Technology,
198-206 (1985)

kézbentarthato
-1 1
A: high heat temperatur€) | 1840 1880
B: heating time (s) 23 25
C: transfer time (s) 10 12
D: hold down time (s) 2 3
Za|
-1 1
E: quench oil temperatur®) | 130-150 | 150-170
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1 -1 -1 -1 -1 -117.78 | 7.78 | 7.81
2 1 -1 -1 1 -1{8.15 | 8.18 | 7.88
3 -1 1 -1 1 -117.50 | 7.56 | 7.50
4 1 1 -1 -1 -117.59 | 7.56 | 7.75
S -1 -1 1 1 -117.54 | 8.00 | 7.88
6 1 -1 1 -1 -1{7.69 | 8.09 | 8.06
/ -1 1 1 -1 -117.56 | 7.52 | 7.44
8 1 1 1 1 -117.56 | 7.81 | 7.69
9 -1 -1 -1 -1 11750 | 7.25 | 7.12
10 1 -1 -1 1 1{788 | 7.88 | 7.44
11 -1 1 -1 1 1{750 | 7.56 | 7.50
12 1 1 -1 -1 1{763 | 7.75| 7.56
13 -1 -1 1 1 11732 | 744 | 7.44
14 1 -1 1 -1 1756 | 7.69 | 7.62
15 -1 1 1 -1 11718 | 7.18 | 7.25
16 1 1 1 1 1{781 | 7.50 | 7.59
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Wu megoldasa szerint az ABCD minden kombinaciojanal (8)
egyetlen szoras van

E-1 E1l

A D yll vy2| y3 yl y2| y3| atlag Insqg
1 -1 -1 -1 -1\ 7.78] 7.78(7.81 7.5 7.25/7.12| 7.540| -2.408
2 1 -1 -1 1| 8.15| 8.18(7.88| 7.88| 7.88|7.44| 7.902| -2.649
3 -1 1 -1 1| 7.5| 756 75| 75| 7.56| 7.5 7.520 -6.949
4 1 1 -1 -1| 7.59| 7.56|7.75 7.63| 7.75/7.56| 7.640| -4.838
5 -1 -1 1 1| 7.54 8|7.88| 7.32| 7.44|7.44| 7.603 -2.600
6 1 -1 1 -1| 7.69| 8.09(8.06| 7.56| 7.69|7.62| 7.785 -2.939
7 -1 1 1 -1| 7.56| 7.52|7.44| 7.18| 7.18|7.25| 7.355 -3.515
8 1 1 1 1| 7.56] 7.81|7.69] 7.81 7.5/7.59| 7.660| -4.058
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Effect Estimates; Var.:atlag; R-sqr=1. (Pignatiello_ahogyWu)

2**(4-1) design

DV: atlag: =mean(v5:v10)

Factor Effect Coeff.

Mean/Interc. 7.625625 7.625625
(DA 0.242083 0.121042
(2)B -0.16375C -0.08187E
(3)C -0.049583 -0.024792
(4)D 0.09125C 0.045625
1 by 2 -0.029583 -0.014792
1 by 3 0.00125C 0.000625
1by4 -0.022917 -0.011458

Confounding of Effects

Alias

Factor 1
(DA

(2)B

(3)C

(4)D

1 by 2 3*4
1 by 3 2*4
1 by4 2*3

y =7.625+0.121x, —0.082x, +0.046x,
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Expected Half-Normal Values (Half-Normal Plot)

3.0

Probability Plot; Var.:atlag; R-sqr=1

2**(4-1) design
DV: atlag: =mean(v5:v10)

25¢

20

15}

05

0.0
-0.05

0.00 0.05 0.10 0.15

0.20

o -lInteractions o - Main effectsand other effects

Effects (Absolute Values)

.99
1.95
(13A
1.85
.65
Pareto Chart of Effects; Variable: atlag
2**(4-1) design
DV: atlag: =mean(v5:v10)
LA} !.2420833 .
(2)B | -.16375 E
@)D | .09125 .
B)C} -.049583 E
lby2 -.029583 .
lby4 -.022917 E
1lby3 }.00125 E
0.00 0.05 0.10 0.15 0.20 0.25

Effect Estimate (Absolute Value)

0.30
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Effect Estimates; Var.:Insq; R-sqr=1. (Pignatiello_ahogyWu)
2**(4-1) design
DV: Insq: =log(stdev(v5:v10)"2)
Factor Effect Coeff.
Mean/Interc. -3.74438  -3.7443¢
(DA 0.24651 0.12325
(2)B -2.19127  -1.09563
(3)C 0.93285 0.46642
(4)D -0.6387S  -0.3194C
1 by 2 0.53696 0.26848
1 by3 -0.68795  -0.34398
1by4 1.17406 0.58703
In§=—-3.744-1.096x,

64



Expected Half-Normal Values (Half-Normal Plot)

3.0

Probability Plot; Var.:Insqg; R-sqr=1.
2**(4-1) design
DV: Insq: =log(stdev(v5:v10)"2)

25¢1

20+t

15}
1by4

10} (3)C

1by3
05} (4D

1by2
(LA

0.0 : : : : : : : : :
00 02 04 06 08 10 1.2 14 16 18 2

o

- Interactions © - Main effects and other effects
Effects (Absolute Values)

199
1.95
(ZgB
1.85
1.65
Pareto Chart of Effects; Variable: Insq
2**(4-1) design
DV: Insq: =log(stdev(v5:v10)"2)
(2)B - __2.1912-
lby4 1.174059
()Ct 9328462
lby3 } -.687953
(4Dt -.638794
lby2 } .536958
(DA .2465089
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0 2.2 24

Effect Estimate (Absolute Value)
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Valasszuk a B=-1 szintet, hogy a szo6ras kisebb Iegyer?!:'1
Ezt rogzitve

§ =[7.625- (- 0.082)| +0.121x, +0.046x, = 7.543+0.121x, +0.046x,

Az elvaras 8 inch, ez neirljesitheb.

Megjegyzés: az ingadozasnak két komponense van, ezt
nemvettuk figyelembe.

Javaslat: kiks szoras (amit a zaj-faktor okoz), beéls
szoras, ami egy zaj-szinten beldl nyilvanul meg.
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Effect Estimates; Var.:Insq_atlag; R-sqr=1.

Confounding of Effects

2**(4-1) design Alias
DV: Insqg_atlag: =log(stdev(v13:v14)"2) Factor 1
Factor Effect Coeff. (DA
Mean/Interc. 3.372309 3.372309 (2)B
(DA 0.015210 0.007605% (3)C
(2)B -0.054513  -0.02725€ (4)D
(3)C 0.055116 0.027558 1 by 2 3*4
(4)D -0.000578  -0.00028¢ 1 by 3 2*4
1 by 2 -0.02408S  -0.01204¢ 1 by 4 2*3
1 by 3 -0.0197938  -0.009897
1by4 -0.060472  -0.03023€

IN&2,_. =-3.372-0.027x, +0.028%. —0.030X, X,

atlag

vagy

In&2, =-3.372-0.027x, +0.028x. — 0.030X, X

atlag

A hierarchia-szabaly a masodikat valos®imi. Eszerint B+,
C-, a kblcsonhatas ugyanakkora, nem nyerhettnk.
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Expected Half-Normal Values (Half-Normal Plot)

T IUUC!.UIIIL)’ vy, vaa ..IIIDM_QLIGH, I\_D\.ql—d..
2**(4-1) design
DV: Insqg_atlag: =log(stdev(v13:v14)"2)

3.0
o5 | 199
20} 1 .95
1%y4
15+ 1.85
B)C
10¢ (2)B 1.65
1by2
05} 1by3 Pareto Chart of Effects; Variable: Insq_atlag
(1O)A 2**(4-1) design
(4D DV: Insq_atlag: =log(stdev(v13:v14)"2)
0.0 . . . . . . . . .
-0.01 0.00 0.01 0.02 0.03 0.04 0.05
O -Interactions © - Main effects and other efid T2 | -060472
Effects (Absolute Values)
@) | 0551164
@B | -.054513
lby2 -.024089
1hy3 | -019793
(DA | 0152103
@)D |/-.000578
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Effect Estimate (Absolute Value)
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Confounding of Effects

Alias

Factor 1
(DA

(2)B

(3)C

(4)D

1by?2 3*4
1by3 2*4
1 by4 2*3

Effect Estimates; Var.:Insgbelso; R-sqr=1.
2**(4-1) design
DV: Insgbelso: =mean(v15:v16)

Factor Effect Coeff.

Mean/Interc. -4.80944  -4.80944

(DA 1.64712 0.82356

(2)B -1.01517  -0.50759

(3)C 0.49125 0.24562

(4)D 0.66203 0.33102

1 by 2 0.44807 0.22403

1by3 -0.66844  -0.33422

1by4 0.22398 0.11199

I\2 _
IN&2,., = —3.372-0.027x, +0.028x. —0.030%; X

numlog (-3.372+0.03)= nuntog (-3.402)=0.036
In&,,., =-4.809+0.824x,

numlog (-4.809+082)=0.0036

0.036+0.0036=0.040
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Expected Half-Normal Values (Half-Normal Plot)

3.0

Probability Plot; Var.:Insgbelso; R-sqr=1.

2**(4-1) design
DV: Insgbelso: =mean(v15:v16)

25}

20

15}

10}

05t

0.0

(2)8

16y3
(4)p
(3)C
12
1by4

WA

1.99

1.95

] .85

0.0

0.2 0.4 0.6 0.8 1.0 1.2

O -Interactions ©
Effects (Absolute Values)

- Main effects and oth

DA}

(2)B |

1by3 |

(@p |

@B)C |

1by2 |

lby4

-1.01517
-.668442
6620314
4912477
4480651
H 2239827
0.0 OI.2 0:4 O:G 0:8 1I.0 1:2 1I.4 1:6

Pareto Chart of Effects; Variable: Insgbelso

2**(4-1) design
DV:Insgbelso: =mean(v15:v16)

Effect Estimate (Absolute Value)

1.8
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10. pelda

J. Quinlan ("Product Improvement by Application of Ta-
guchi Methods," in American Supplier Institute News
(special symposium ed.), Dearborn, Ml: American Supplier
Institute, pp. 11-16. 1985)

G. E. P. Box, Signal-to-Noise Ratios, Performance Criteria,
and Transformations, Technometrics, 30 1-17 (1988)

R — fn g o o —— - [P — —— ey e —

——— —— —————

x|
I
D

Hurn H D —L B —J F N A - =F A - -0 ¥, ¥ ¥y Ve
1 -1 —1 1 1 1 1 1 1 1 1 —1 1 —1 -1 1 49 54 48 45
2 1 -1 -1 -1 -1 =1 L 1 1 1 1 1 .88 w80 57 .68
3 -1 1 -1 =1 1 1 1 1 1 L 1 1 -1 1 -1 07 08 11 .08
4 1 1 1T =1 -1 1T =1 =1 =1 -1 =1 1 1 1 6 16 12 18
5 -1 — 1 1 -1 1 1 -1 1 1 =1 -1 1 1 - A3 .22 .20 .23
6 1 -1 —1 1 1 1 1 1 1 1 1 1 1 1 1 A8 17 13 a2
7 -1 1 -1 L | -1 -1 1 1 1 1 -1 1 =1 1 24 22 189 28
8 1 1 1 1 1 1 1T -1 =1 —1 -1 -1 -1 =1 -1 13 a8 18 .39
g -1 =1 1 =1 1T -1 -1 1 -1 -1 1 -1 1 1 =1 .08 .10 14 18

10 1 -1 1 1 1 1 1 1 1 1 -1 1 —1 1 1 L7 04 19 A8

11 1 1 -1 -1 1 1 1 1 -1 1 -1 -1 1T -1 1 48 449 44 41

12 1 1 1 -1 1 1T =1 1 1 1 1 -1 —1 -1 -1 .84 .53 .53 .54

13 -1 -1 1 1 —1 1 1 1 —1 —1 1 1 1 -1 113 A7 .21 Az

14 1 -1 -1 1 1 1 1 1 1 1 1 1 1 1 i L8 26 26 30

15 —1 1 =1 1 =1 -1 =1 1 -1 i -1 1 -1 1 =1 34 32 30 M

16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 b8 6L bHbY ba
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H: liner tension H

D: liner line speed D

EL: liner die B

B: liner outside diameter A

EJ. melt temperature EL=H*D
F. coating material EJ=H*B
N: liner temperature El=H*A
A: braid tension F=-B*D
El. wire braid type EE=D*A
EE: liner material EC=B*A
M: cooling method N=H*D*B
EC: screen pack M=H*D*A
K: coating die type K=H*B*A
G: wire diameter G=B*D*A
EQO: line speed EO=H*D*B*A

12



Effect Estimates;

Factor Var.:YAV; R-sqr=1.

(QUINLAN)

15 factors at two levels

DV: YAV

Effect Coeff.

Mean/Interc. 0.291719 0.291719
(DH 0.062188 0.031094
(2)D 0.060938 0.030469
(3)B -0.055938 -0.027969
(4)A 0.067812 0.033906
(5)EL 0.027188 0.013594
(6)EJ -0.000938 -0.000469
(7)EI 0.042813 0.021406
(8)F -0.074063 -0.037031
(9)EE 0.245313 0.122656
(10)EC 0.089688 0.044844
(11)N 0.006562 0.003281
(12)M 0.027813 0.013906
(13)K 0.068438 0.034219
(14)G -0.140313 -0.070156
(15)EO 0.005937 0.002969
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Confounding of Effects (QUINLAN)

Factor Alias Alias Alias Alias Alias Alias Alias
1 2 3 4 5 6 7
(DH 2*5 3*6 4*7 8*11 9*12 10*13 | 14*15
(2)D 1*5 3*8 4*9 6*11 7*12 10*14 |13*15
(3)B 1*6 2*8 4*10 5*11 7*13 9*14 12*15
(4)A 1*7 2*9 3*10 5*12 6*13 8*14 11*15
(5)EL 1*2 3*11 4*12 6*8 7*9 10*15 |[13*14
(6)EJ 1*3 2*11 4*13 5*8 7*10 9*15 12*14
(7)El 1*4 2*12 3*13 5*9 6*10 8*15 11*14
(8)F 1*11 2*3 4*14 5*6 7*15 9*10 12*13
(9)EE 1*12 2*4 3*14 5*7 6*15 8*10 11*13
(10)EC 1*13 2*14 3*4 5*15 6*7 8*9 11*12
(11)N 1*8 2*6 3*5 4*15 7*14 9*13 10*12
(12)M 1*9 2*7 3*15 4*5 6*14 8*13 10*11
(13)K 1*10 2*15 3*7 4*6 5*14 8*12 o*11
(14)G 1*15 2*10 3*9 4*8 5*13 6*12 7*11
(15)EO 1*14 2*13 3*12 4*11 5*10 6*9 7*8
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Expected Half-Normal Values (Half-Normal Plot)

Probability Plot; Var.:YAV; R-sqr=1.
15 factors at two levels

DV: YAV
3.0
5| 199
9)EE
20 N 1.95
(146
15} (L0)EC 1.85
(8)F
10 (13)K Pareto Chart of Effects; Variable: YAV
' (1( A 15 factors at two levels
§2 DV: YAV
05 1 |\(/|73E('3 9)EE ' 24'53125
(el (9)EE | )
{éi%#% -140313
0.0 . . (10)EC } .0896875
-0.05 0.00 0.05 0.10 0.15 -.074063
L] - Interactions © -Maineffectsando (13)K | \_0684375
Effects (Absolute Values) \.0678125
(LH | 0621875
s 0609375
(3)B | -.055938
i 0428125
A2)M | 0278125
- 0271875
(11N | |.0065625
- |.0059375
(6)EJ }-.000938
0.00 0.05 0.10 0.15 0.20 0.25

Effect Estimate (Absolute Value)

75

0.30



Expected Normal Value

-3.0

3.0

25¢
20 ¢
15¢
10}
0.5}
0.0 ¢}
-05¢
-10¢
-15¢
20}
25 ¢

15 factors at two levels

Probability Plot; Var.:YAV; R-sqr=1.

DV: YAV
1.99
(Q%EE o5
] .75
: .55
1.35
1.15
] .05
: .01
-0.2 01 OiO 011 0:2 0.3
- Interactions O - Main effects and other effects
Effects
Effect Estimates; Var.:YAV; R-sqr=.68371; Adj:.63506 (QUINLAN)
Factor 15 factors at two levels; MS Residual=.0113679
DV: YAV
Effect Std.Err. t(13) P Coeff.
Mean/Interc. 0.291719 0.026655 10.94419 0.000000 0.291719
(9)EE=D*A 0.245313 0.053310 4.60160 0.000496 0.122656
(14)G=B*D*A -0.140313 0.053310 -2.63200 0.020709 -0.070156




Effect Estimates; Var..YAV; R-sqr=.75746; Adj:.66926 (QUINLAN)

Factor 15 factors at two levels; MS Residual=.0103024
DV: YAV
Effect Std.Err. t(11) p Coeff.
Mean/Interc. 0.291719| 0.025375 11.49623( 0.000000 0.291719
(3)B -0.055938 | 0.050750 -1.10221| 0.293902 -0.027969
(8)F=-B*D -0.074063| 0.050750 -1.45935| 0.172428 -0.037031
(9)EE=D*A 0.245313| 0.050750 4.83371| 0.000524 0.122656
(14)G=B*D*A -0.140313| 0.050750 -2.76476| 0.018399 -0.070156
2
.. 0.001303 _
57 = hirin. =3.257510™

ez vetend 0ssze az MSResidual 0.0103 értekével, ez azt

4

mutatja, hogy az Ujrabeallitasok varianciaja sokkal
nagyobb, mint az ismetléseke.

I



Factor

Effect Estimates;
Var..LNS; R-sqr=1.
(QUINLAN)

15 factors at two levels
DV: LNS: =log(szorasn)/2

2. =0.001303

S, =~0.001303=0.0361

2. 0.001303

Effect Coeff.
Mean/Interc. -3.71601 -3.71601
(DH -0.42245 -0.21122
(2)D -0.39751 -0.19876
(3)B 0.19353 0.09676
(4)A 0.15196 0.07598
(5)EL -0.09909 -0.04955
(6)EJ 0.06834 0.03417
(7)EI -0.13260 -0.06630
(8)F -0.55456 -0.27728
(9)EE -0.06180 -0.03090
(L0)EC -0.11410 -0.05705
(LN 0.33053 0.16527
(12)M -0.45853 -0.22926
(13)K 0.03425 0.01713
(14)G 0.36895 0.18448
(15)EO 0.30855 0.15427

p =3.257510™

Suinn _ 0-0361
2

=0.018
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Expected Half-Normal Values (Half-Normal Plot)

3.0

Probability Plot; Var.:LNS; R-sqr=1.
15 factors at two levels
DV: LNS: =log(szorasn)/2

25}

20t

15}

10}

05 ¢

0.0

(13

0.0

0.1 0.2 0.3 0.4
- Interactions © - Main effects and oth
Effects (Absolute Values)

1.99
1.95
1.85
Pareto Chart of Effects; Variable: LNS
15 factors at two levels
DV: LNS: =log(szorasn)/2
(8)F | - 554556
-458529
(LH ¢ -42245
-397514
(14)G | .3689538
.3305339
(15)EO | .3085487
1935279
(DA} 151965
 NE-1325%
(10EC}  ]-114105
L ]-099092
(6)EJF  |.0683377
L |-061801
(13)K | |.0342514
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Effect Estimate (Absolute Value)

79




LNS

Scatterplot of LNS against LNAV
QUINLAN 32v*16¢
LNS =-4.0182-0.2144*x

40} o
42 o o

44 ¢
46 ¢
-48 ¢
50t
52+t
54 ¢

5.6 : : : : : : : : : :
26 -24 22 20 -18 -16 -14 -12 -10 -08 -06 -04

LNAV
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Expected Normal Value

3.0

Probability Plot; Var..LNS; R-sqr=1.
15 factors at two levels
DV: LNS: =log(szorasn)/2

25¢
20 ¢
15¢
10}
05 ¢
0.0}
-05¢
-10 ¢
-15¢
20 ¢
25 ¢

-3.0

(SJF

i

(12)

)EE

o

oS (@2\335

(146G

(11N

(153@0

-0.5

-0.4 -0.3
L] - Interactions

-0.2

o

-0.1

0.0 0.1 0.2

0.3

- Main effects and other effects

Effects

0.4

0.5

.55

01

1.99

{ .95

175

1.35
1.15

1.05
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11. példa
J. Engel: Modelling variation in industrial expeants, Applied
Statistics 41 579-593 (1992)

Engell.sta, Engel2.st3

cycle time M: percentage regrind
mould temperature N: moisture content
. cavity thickness O: ambient temperature

. holding pressure
Injection speed

. holding time

G: gate size

T'!"T'UO.U.U??
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A[B|C|D|E|F|G Y1 | Y2 | Y3 | Y4
M -1 -1 1 1
N -1 1 -1 1
O -1 1 1 -1
1] -1f -1} -1f -1} -1f -1] -1 22| 21| 23| 2.3
2 | -1 -1 -1 1| 1| 1| 1 0.3] 25 2.7 0.3
3 -1 1} 1) -1| -1 1f 1 0.5 3.1 04| 2.8
4 | -1 1| 1| 1f 1| -1f -1 201 19| 1.8 2.0
5 1l -1 1| -1 1| -1 1 3.00 3.1 3.0/ 3.0
6 1l -1 1| 1| -1| 1| -1 2.1l 42| 1.0 3.1
7 1 1) -1] -1 1| 1] -1 40 19| 46| 2.2
8 1l 1) -1 1| -1|-1| 1 20 19 19| 1.8
Confounding of Effects (engell)

Alias | Alias | Alias

Factor 1 2 3

(DA 2*3 4*5 6*7

2)B 1*3 4*6 5*7

27-4x93-1 2330 12 47 5%

percentage shrinkage (4)D 1S 276 S

(5)E 1*4 2*7 3*6

(6)F 1*7 2*4 3*5

(NG 1*6 2*5 3*4
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Effect Estimates; Var..MEAN; R-sqr=1. (engell)

Factor Effect Coeff.
Mean/Interc. 2.2500 2.25000
(DA 0.8500 0.42500
(2)B -0.1500 -0.0750C
(3)C 0.1250 0.06250 Probability Plot; Var..MEAN; R-sqr=1.
7 factors at two levels
(4)D -0.5625 -0.28125 DV: MEAN: MEAN Variable 8-11
(5)E 0.2875 0.14375F ; ; ; ;
(6)F -0.0375 -0.0187%
(7)G -0.4625 _—0.23125
:
>
= 20+t
T
g -
TE 15}
T
£
Z 10}
£
‘é 0.5}
ai
0.0 - - - - - - - - - -
01 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Effects (Absolute Values)

1.99

1.95

1.85

.75

] 65
45
25

.05



Expected Normal Value

3.0

DV: MEAN: MEAN Variable 8-11

7 factors at two levels

20t

10 ¢
05}
0.0}

-05 ¢

-1.5 ¢

(7)G

Pareto Chart of Effects; Variable: MEAN

.99

.95

.75

.55

7 factors at two levels
DV: MEAN: MEAN Variable 8-11

(DA

(4D

Effec (7)G

()E

(2B

3)C

0.2

0.3

0.4 0.5 0.6
Effect Estimate (Absolute Value)

0.7

0.8

0.9

1.0



Effect Estimates; Var.:SD; R-sqr=1.
7 factors at two levels
DV: SD: SD Variable 8-11

Factor Effect | Coeff.
Mean/Interc. 0.7249 0.72487
(DA -0.0358 -0.0178¢
(2)B 0.0273 0.01366 Probability Plot; Var.:SD; R-sqr=1.
(3)C 0.0320 0.01602 7 factors at two levels
(4)D -0.0115 -0.00575 DV: SD: SD Variable 8-11
3.0 T T
(B)E -0.0479 -0.02393
(6)F 1.2882 0.64409
o 25¢
S
£
o
P
= 20¢
<
j
S 15}
c
£ 5)E
*
;_clrs 10t (%A
S (3(%C
8 05 ()8
x
w (4&D
(7&6
0.0 - : : : : : : :
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6

Effects (Absolute Values)
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1.99

1.95

1.85

75
1 65

.45
.25
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Pareto Chart of Effects; Variable: SD
7 factors at two levels
DV: SD: SD Variable 8-11

(6)F

(5)E B -.04787

(1A BY-.035774

(3)C §.0320451

2)B §.027317

(4)D f-.011492

()G }.0058565

1.288176

0.0 0.2 0.4

0.6 0.8 1.0

Effect Estimate (Absolute Value)

1.2

1.4

1.6
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Effect Estimates:
DV: Insd: =log(SD)

Factor Effect Coeft.
Mean/Interc. -1.11744 -1.11744
(1)A -0.21703  -0.10851
(2)B 0.13635  0.06818 o
robability Plot; Var.:Insd; R-sqr=1.
(3)C -0.09361 -0.04681 7 factors at two levels
(4)D 0.10886 0.05443 DV: Insd: =log(SD)
(5)E -0.15160 -0.07580C ' '
(6)F 2.86173  1.43086
(7)G -0.18741  -0.0937C
T 20¢
T
o
S 15¢
£ ap
2 1ol
_'__c-c 1.0 (78)6
s (5)E
S 05} (2)B
@p
R)c
0.0 : : : : : : :
-0.5 0.0 0.5 1.0 15 2.0 2.5 3.0

- Interactions © - Main effects and other effects
Effects (Absolute Values)
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Confounding of Effects (engel2) |

Alias Alias Alias

Factor 1 2 3
(DA 2*3 4*5 6*7
(2)B 1*3 4*6 5*7
(3)C 1*2 4*7 5*6
(4)D 1*5 2*6 3*7
(5)E 1*4 2*7 3*6
(6)F 1*7 2*4 3*5
(NG 1*6 2*5 3*4
(8)M 9*10

(9N 8*10

(10)0 8*9

Effect Estimates; Var.:Y; (engel2)
10 factors at two levels

DV:Y

Factor Effect | Coeff.

Mean/Interc. 2.2500 2.25000
(DA 0.8500 0.42500
(2)B -0.1500 -0.07500
(3)C 0.1250 0.06250
(4)D -0.5625 -0.28125
(5)E 0.2875 0.14375
(6)F -0.0375 -0.01875
(NG -0.4625 -0.23125
(8)M -0.1000 -0.05000
(9N 0.2750 0.13750
(100 0.3000 0.15000
1by8 -0.1000 -0.05000
1by9 -0.3250 -0.16250
1by10 -0.2500 -0.12500
2by8 0.1250 0.06250
2by9 -0.2250 -0.11250
2 by 10 -0.2750 -0.13750
3by8 -0.2500 -0.12500
3by9 0.9000 0.45000
3 by 10 -0.3000 -0.15000
4by8 -0.1875 -0.09375
4by9 0.2125 0.10625
4 by 10 0.2375 0.11875
5by8 0.2125 0.10625
5by9 -0.8375 -0.41875
5by 10 0.2875 0.14375
6 by 8 -0.0875 -0.04375
6 by 9 0.2875 0.14375
6 by 10 0.3375 0.16875
7 by 8 0.0375 0.01875
7by9 0.3125 0.15625
7 by 10 0.3125 0.15625
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Expected Half-Normal Values (Half-Normal Plot)

3.0

2.5

2.0

1.5

1.0

0.5

Probability Plot; Var.:Y; R-sqr=1.
10 factors at two levels
DV:Y

3t[)y9

(LA
5by9

.99

.85

75
.65

.45

.25

.05

0.0 0.1 2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

O - Interactions © - Main effects and other effects
Effects (Absolute Values)

1.0
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Expected Normal Value

3.0
2.5
2.0
15
1.0
0.5
0.0
-0.5
-1.0
-1.5
-2.0
-2.5
-3.0

-1.2

Probability Plot; Var.:Y; R-sqr=1.
10 factors at two levels
DV:Y

-10 -08 -06 -04 -02 00 0.2 0.4 0.6 0.8 1.0

- Main effects and other effects
Effects

O -|Interactions ©O

1.2

.99

.95

.75

.55

.35

.15

.05

.01
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3. pelda
J. S. Space, A. M. Opio, B. Nickerson, H. Jiang,dimont, M Berry: Validation of
a dissolution method with HPLC analysis for lasdfierxe tartrate low dose tablets
J. Pharmaceutical and Biomedical Analysis 44 (20064 — 1071

| 068 L5 Spece a al S Tmirnal of Phammecenticn! aad Biomedical Anatveis £4 7 2007) Tad-10F]
Tabla &
Raondomized split plot robustness design for the HPLC apd analyss mothod and results
Randomized robusiness desipn Chromatographic setup Acceplance critena
Temperstare pH  Flow  Oyeanic Temperstare pH  Flow rale  Orgamic Retention bme =25 Peak efficiency.  Peak ssvmimetry
e (acefonitnle) (%) (=C) (mLfmind {zoetonitnlel (%t}  ood =< 4.5 (min) = 1000 =21
- - - - 45 28 D4 33 5B 5180 1.1
+ -+ - 45 17 (6 33 k) 4870 1.1
- + - - 45 IE 04 37 il 5200 L0
+ + O+ - 45 iz 6 57 22 4612 1.1
- - - - 35 I8 04 33 a3 5640 1.0
- s - as 28 04 37 35 5117 1.1
- -+ - 35 i1 (& 33 44 4780 1.0
- + o+ - a5 11 06 37 25 4262 1.1
+ I - 45 18 0&b a7 21 4510 1.1
- - - - 45 18 D& 33 T 46501 1.1
+ -+ 45 i 04 33 57 5506 1.1
+ + 4+ - 45 iz 04 37 33 5542 11
- - 4+ - 15 32 04 33 hb 5024 1.1
- + 4+ - 35 iz 04 L) RE 5192 L1
- - - - as 28 06 33 44 4667 1.0
- + - - 35 18 (&6 37 T4 4453 11

“+" Refers o the kigh valoes in the chromatographéc setup. ™" Rebers fo the low values in the chromatopraphic setup.
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Space JPBA 44 1064.sta

9
5 7 £ .| Retention 10 11
Temperatul : Flow rate Orgamc; time =2.5 P_e_ak PRI
e (0C) pH (mL/min) (a_Lcetonlt and=4.5 efﬂmenc asy_mmetry
rile) (%) . y =1000 =2.0
(min)
1 45 2.8 0.4 33 5.6 5180 1.1
2 45 3.2 0.6 33 3.7 4879 1.1
3 45 2.8 0.4 37 3.1 5290 1
4 45 3.2 0.6 37 2.2 4612 1.1
5 35 2.8 0.4 33 6.5 5640 1
6 35 2.8 0.4 37 3.5 5117 1.1
7 35 3.2 0.6 33 4.4 4780 1
8 35 3.2 0.6 37 2.5 4262 1.1
9 45 2.8 0.6 37 2.1 4579 1.1
10 45 2.8 0.6 33 3.7 4691 1.1
11 45 3.2 0.4 33 5.7 5506 1.1
12 45 3.2 0.4 37 3.3 5542 1.1
13 35 3.2 0.4 33 6.6 5029 1.1
14 35 3.2 0.4 37 3.6 5192 1.1
15 35 2.8 0.6 33 4.4 4667 1
16 35 2.8 0.6 37 2.4 4453 1.1
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Factor

Effect Estimates; Var.:Retention time =2.5 and=4.5 (min); R-sqr=.99998; Adj:.99971
2**(4-0) design; MS Residual=.000625
DV: Retention time =2.5 and=4.5 (min)

Effect | Std.Err. | t(1) p -95.% +95.% Coefft.
Cnf.Limt | Cnf.Limt

Mean/Interc.

(1)Temperature (0C)

(2)pH

(3)Flow rate (mL/min)

(4)Organic (acetonitrile) (%)

1lby2

1by3

lby4

2by3

2by4

3by4

1*2*3

1*2*4

1*3*4

2*3*4

3.956, 0.0062, 633.0, 0.0010 3.877 4.036] 3.956
-0.562 0.0125 -45.0 0.0141 -0.721 -0.404| -0.281
0.088 0.0125 7.0 0.0903 -0.071 0.246| 0.044
-1.563| 0.0125| -125.0| 0.0051 -1.721 -1.404| -0.781
-2.238| 0.0125| -179.0| 0.0036 -2.396 -2.079| -1.119
0.012 0.0125 1.0/ 0.5000 -0.146 0.171}| 0.006
0.062 0.0125 5.0 0.1257 -0.096 0.221|| 0.031
0.237| 0.0125, 19.0 0.0335 0.079 0.396|f 0.119
-0.037 0.0125 -3.0/ 0.2048 -0.196 0.121|| -0.019
0.037 0.0125 3.0 0.2048 -0.121 0.196|f 0.019
0.487| 0.0125, 39.0 0.0163 0.329 0.646| 0.244
-0.012 0.0125 -1.0/ 0.5000 -0.171 0.146| -0.006
0.012 0.0125 1.0/ 0.5000 -0.146 0.171} 0.006
-0.037 0.0125 -3.0/ 0.2048 -0.196 0.121| -0.019
0.013 0.0125 1.0/ 0.5000 -0.146 0.171|f 0.006

Table &

Fandomized split plot robasiness design for
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Probability Plot; Var.:Retention time =2.5 and=4.5 (min); R-sqr=.99998; Adj:.99971

2**(4-0) design; MS Residual=.000625
DV: Retention time =2.5 and=4.5 (min)

3.0 T T T T T
kS
o .99
< 25¢ 1
£
@)
Z
= (4)Organic (acetonitrile) (%)
cIcs 20t o 1.95
0
g (3)Flow rate (mL/min)
K 15 | o) ]
CEU ' (1)Temperature 0C) .85
£ 3by
S Lol lbya O ] 79
= (2)pH OB .65
T 0%
g 45
S 05} .
o
n 11 25

0.0 L L L . I .05

-0.5 0.0 0.5 1.0 15 2.0 2.5
O - Interactions O - Main effects and other effects
Effects (Absolute Values)
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Regr. Coefficients; Var.:Retention time =2.5 and=4.5 (min); R-sqr=.99843; Ad|:.99739
2**(4-0) design; MS Residual=.005625
DV: Retention time =2.5 and=4.5 (min)
Regressn | Std.Err. t(9) p -95.% +95.%
Factor Coeff. Cnf.Limt | Cnf.Limt .
Mean/Interc. 68.894 3.20688  21.483 0.000000 61.639 76.148] NemMm UJ
(1)Temperature (0C) -0.503| 0.06835 -7.361| 0.00004 -0.658 -0.348 k, 7 I
(3)Flow rate (mL/min) -52.969| 3.61272| -14.662 0.00000 -61.141 -44.796 ISEr et!
(4)Organic (acetonitrile) (%) -1.644 0.08894 -18.482 0.00000 -1.845 -1.443 Csak
1by3 0.062 0.03750 1.667 0.12993 -0.022 0.147 ,
1 by 4 0.012] 0.00187 6.333/ 0.00014 0.008 o.o16] redukalt
3 by4 1.219 0.09375  13.000, 0.00000 1.007 1.431 mOde”
Y =689-0.503T -5297flow-1.644Lbrg% +
+0.012[T [org%—-1.219[ flow[org%
Hibaterjedési torveny:
2 Vel
2 _~| 9Y 2 oY 0
oy = Ev gy — =-0.503+0.012[0rg%
=1\ X oT

Robusztussag 96



Regr. Coefficients; Var.:Retention time =2.5 and=4.5 (min); R-sqr=.99843; Ad|:.99739

2**(4-0) design; MS Residual=.005625

DV: Retention time =2.5 and=4.5 (min)

Regressn | Std.Err. t(9) p -95.% +95.%
Factor Coeff. Cnf.Limt | Cnf.Limt
Mean/Interc. 68.894 3.20688| 21.483| 0.00000, 61.639  76.148
(1)Temperature (0C) -0.503, 0.06835 -7.361 0.00004 -0.658 -0.348
(3)Flow rate (mL/min) -52.969| 3.61272| -14.662 0.00000 -61.141 -44.796
(4)Organic (acetonitrile) (%) -1.644| 0.08894| -18.482| 0.00000 -1.845 -1.443
1by3 0.062 0.03750 1.667 0.12993 -0.022 0.147
1by4 0.012, 0.00187 6.333, 0.00014 0.008 0.016
3by4 1.219| 0.09375/ 13.000/, 0.00000 1.007 1.431

Y =68.9-0.503(T -52.97 flow—-1.644lbrg% +
+0.012[T lorg% +1.219[ flowlorg%

Ha pl. a Bmérsékletet1°C pontossaggal, az aramxdt.05mL/min
pontossaggal, az acetonitril-koncentraciot 0.5% pontossaggal tudjuk
tartani,

0:=0.57m=0.577C,

O =0.5710.05=0.028mL/min
Oorgs=0.5710.5=0.28%
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Ve N

Y =68.9-0.503T -52.97flow-1.644Lbrg% +
+0.012(T lorg%+1.219[ flowlorg%

Ha pl. a Bmérsékletet1°C pontossaggal, az aramxd.05mL/min
pontossaggal, az acetonitril-koncentraciot 0.5% pontossaggal tudjuk
tartani,

0:=0.57711=0.57PC, a kézepes beallitasoknal:
O =0.57710.05=0.028mL/min T=40, flow=0.5,0rg%=35
Oorgs=0.5710.5=0.28%

o2 = (- 0.503+0.012385) [0.577 + (- 52.97+1.219[85)’ [0.028 +

+(~1.644+0.012[20+1.21900.5) [0.28" =
=229[107° + + 0.024=0.11C /0.110

AtR = — =0.57
0.577
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Optimalizalas:

Ve N

Y =68.9-0.503T -52.97flow-1.644Lbrg% +
+0.012(T lorg%+1.219I flowlorg%

02 = (-0.503+0.012[6rg%)’ [0.577 + (- 52.97+1.219[06rg%)’ [0.028 +

org%—max (de 42% alatt) org% —max (de 43 alatt)

+(~1.644+0.012T +1.219CFlow)’ [0.28?

T—max flow—max
T: 50, flow: 0.8, org%: 42
0% =3.3300" +2.46010°+3.71010" = 2.83[10°° ATr=0.092
a 0.11 helyett, a 0.57 thI)yett
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A kornyezeti faktorok (a sutési kérilmények) vannak a whole
plotban, a technologiai faktorok (a receptura) a subplotban

Tt Tt

[ESE || [ESE
[ESF] | | [ESF]
[ESF] | | [ESF] E,S,F, E,S,F,
(B || [ESiFy]
[ESF] | | [ESE
E5F) | | [E5F
[ES:Fa || [ESoFy)
|E,S,F, | [E,S,F, | ES,F, E,S,F,
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A technoldgiai faktorok vannak a whole plotban, a kdrnyezetiek
a subplotban

ES/F, E,S.F,
Tltl thl Tltz T‘1'[1
ol || Tl | | T | | ]
thl thz Tltl Tltz
(T | || [T] | |77 | (Tt | | [Tt
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Strip-plot elrendezés

Kéezenfeky egyszefisités, hogy amikor egy suteményporbol
egyszer elkeszitjuk a tésztat, azt ne 4 kulon beallitott

kemencében sussik ki, hanem vagjuk 4 reszre, és osszuk szét a 4
kemence kozott. Igy 8 tészta-gyarasra és 4 kemence-beallitasra
van csak szukseg, tehat kisérletezési szempontbdl nagyon
gazdasagos a terv.

Tt, Tt || Tt T,t

E;S/F,

E,S/F,

E,S5)F,
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Attekintés

Teljes randomizalas

32 tészta-gyuras, 32 kemence-beallitas, egymashoz sorsolva
Split-plot,

kemence-beallitagvironment) a whole plot,
tészta-gyuradiesign) a subplot

32 tészta-gyuras, 4 kemence-beallitas
Split-plot,

tészta-gyuradiesign) a whole plot,
kemence-beallitaEfvironment) a subplot

8 tészta-gyuras, 32 kemence-beallitas
Strip-plot,

8 tészta-gyuras, 4 kemence-beallitas
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