Shainin-kisérlettervezés

Sokvaltozos Alkatrész- Paronkénti
diagram keresés Osszehasonlitas

| Valtozok keresése |

| Teljes faktoros tervek |

| B/C sszehasonlités |

|

| Kétvaltozos abrazolas |
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Kronikus gyartasi problémak (mindségi hibak) okainak
felderitésére

Sajatossaga: ,,clue generation”, ,hagyjuk az alkatrészeket
beszéIni”

14. példa

R. Hoerl, R. Snee: Statistical Thinking, Duxbury, 2002

Egy amerikai vallalatnal nem értették az idénkénti késoi
szallitasok okat.

Strukturalt ok-keresés

106
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Is - Is not analysis: Elosztasi folyamatban a késdi szallitasok elemzése

van nincs Lehetséges Akcio
magyarazat
Hol? Eszakkeleti D¢l, Kézépnyugat, | Kilonbozo Megvizsgalandok
1égio Nyugat raktarak a kiilonbozo
raktarak adatai
Micsoda? Az alkatrészek A raktarban 1évé A kiszallitasi Megvizsgalando
kifogynak alkatrészek késoi folyamat a raktar-
kiszallitasa rendben, de a nyilvantartasi
raktar- rendszer
nyilvantartas
nem
Mikor? A problémak Ezt megel6zbden Uj Vizsgaljuk meg a
oktober elején szamitogépes raktar-
kezdddtek rendszert nyilvantartasi
installaltak algoritmusok
szeptember kiilonbozdségét,
végén, oktober | dokumentaljuk a
elejétdl raktarkészlet
erbéfeszitéseket | csokkentésére
tettek a iranyuld
raktarkészlet valtoztatasokat
csokkentésére
Kicsoda? Minden N/A N/A N/A
megrendeld
107
. példa
R. Hoerl, R. Snee: Statistical Thinking, Duxbury, 2002, p. 118
Realized revenue fiasco
Net realized revenue
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Net realized revenue, 3 years
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Gross sales, 3 years
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Sokvaltozos diagram (Multi-vari charts)

Hely szerinti valtozas

! it igffilil Sﬁ%gg%g
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1d6 szerinti valtozas: trend
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1d6 szerinti valtozas: ugrés
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Ciklikus viselkedés
® 1. mGszak
=] 2. miszak
® 3. miszak
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Hely szerinti (positional)

* egy egységen beliili valtozékonysag

» szakaszos folyamatban az adagon (batch, sarzs) beliil
* géprol gépre, operatorrol operatorra, tizemrdl lizemre

Ciklikus

* a folyamatbol egymads utén vett mintdk kozott
* a termék-egységek bizonyos csoportjai kozott
* adagrol adagra

* tételrdl tételre

Idébeli (temporal)

e Orarol orara

» muszakrol miszakra
* naprol napra

 hétrol hétre
117

15. példa
K. R. Bhote: World class quality. Using design of experiments to make
it happen. Amacom, 1991, p. 60

Tengely eldirt mérete 0.0250"+0.001".
terjedelem 0.0025" a vart 0.002" helyett (Cp=0.8)

Javaslat: vegyenek 1j esztergagépet, amire 0.0008"
(Cp=1.25) terjedelmet igérnek.

Helyette multi-vari: 3 tengelyt vettek ki 6ranként

118
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Figure 6-2. The rotor shaft multi-vari chart.
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tipus a teljes a valtozékonysag | akcio eredmény
valtozékonysag | oka
%-a
orar6l orara 50% kevés feltoltés kb. 50%
hiit6folyadék
darabon beliil | 10% nem parhuzamos | beallitas kb. 10%
bal foljebb beallitas
darabon beliil | 30% kopott gyirti gylirii-csere | kb. 30%
excentricitas
darabok kozott | 5% ?
Az eredmény: 0.0025" helyett 0.0004" az ingadozas
terjedelme (Cp=5).
120
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46. példa

Egy fermentacios technologidban nem tudjak mire vélni
a kihozatal valtozékonysagat.

Scatterplot of y against Inoc lot No.
csupasz2.sta 23v'208c

110

100 ®
Qe O R
90 CQOOO) oo @O csupasz2.sta 23v'208c
a0 IO *
> 80 @)oo o o o Oo O
o OO ° °
70 o P oo o
DO L0 3
60 o 0@ Oe CD
O) o

oo

No of obs

50
101107 113 119 125 132 138 144 150 156
Inoc lot No.
y
Mindségjavito kisérlettervezés 121
. e . XChatt; variable: y
Statlstlc S>Industr1al X 78.269 (78.269); Sigma: 2.7557 (2.7557); n: 1.

102 104 106

Statistics>Quality Control Charts s " e
Individuals & moving range
Variables: X ®

Parts: MedD ‘  ‘" B::
Options, Labeling fiilon MedD : oo

X Chart; variable: y
X 78.269 (78.269); Sigma: 2.5352 (2.5352); n: 1. 50

15 116 17 18 19 120 121

50 100 150 200

105

100 -

wos . Parts: MedC
- Options, Labeling fiilon Med(

o 70.664

t

o ——
s a4 ; taptalaj-adagok
* 50 100 150 200
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Components of Variance (csupasz2.sta)
Over-parameterized model
Type |1l decomposition

Effect y

Inoc lot No.(MedC) 15.9394
MedC 161.8160
Error 9.3750

A teljes ingadozas 86%-at a MedC okozza.

123

Most mar értjiik, hogy a MedC taptalaj-komponens okozza az
eltérést, de azt még nem, hogy hogyan.
Miben kiilonbozik a 118 és 119 tétel a tobbitdl?
vt allasidd
110
100 @o
Q®-
ol @ Op @ Qo
Q@O @oo o
> 80 ° ° 0o O @ oo
° 0@ O
70 O @@o ©® ©
o @» ®©OQ
60 o o CD o oo@
° Qo
50
5 10 15 20 25 30 35 40
allasido honap
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Univariate Tests of Significance for y (csupasz2.sta)
Sigma-restricted parameterization
Type | decomposition; Std. Error of Estimate: 4.821353
SS Degr. of MS F p

Effect Freedom

Intercept 1274223 1/ 1274223 54816.02 0.00

allasido honap 22073 1 22073] 949.56 0.00

MedC 5755 6 959 41.26/ 0.00

Error 4649 200 23

MedC; Weighted Means
Current effect: F(6, 201)=28.349, p=0.0000
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intenals

YOOORES1: y Residual
: o

MedC

125

Az éllasid6tol valo fliggés reziduumaira a MedC sarzsok szerint
végzett egyfaktoros ANOVA végén a MedC sarzsok atlagai:

MedC; Weighted Means
Current effect: F(6, 201)=28.349, p=0.0000
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals

15

10
E ’ A 120. MedC sarzs
g0 y értéke kb. 20
g = egységgel lejjebb
£ van annal, amit az

. allasidd

. magyarazna.

15 116 "7 118 19 120 121
MedC
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e the data of raw materials (date of delivery, batch code,
material contained in the tanker before, characterization of
material based on accompanying documents, temperature and
humidity of the environments, tank data, time elapsed until
use), about 90 data per time point

e amount of mixed components, mixing date and environment
data, including humidity of the environment, temperature of
the environment, pipelines and tanks, flux

e data on foam manufacturing tools (temperature of the water at
2 points, temperature of the tool at 3 points, layer thickness of
form separator, setting of the middle part, angle, pressure of the
air-cushion, velocity, temperature and air humidity next to the
robot)

e quality characteristics of the product (number of correctable
and lunkers, tear, overfoaming, EHZ Spiegel and Wulst at 2
points, mass)

127

* Analysis: graphical (multi-vary chart)

A negative example: Humidity next to robot

Scatterplot of sum_luls against W2
nyers adatokj_dec13 240v*169¢c
Include condition: vaneterm=1

sum_luls

25 30 35 40 45 50 55 60 65

There is no visible connection between humidity and number of

cavities.
128

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com/

A positive example is the number of foam units cavities vs.

Polyol batches
C Chart; variable: sum_lu .
C: 2.4307 (2.4307); Sigma: 1.5591 (1.5591) / batch id
P8FS002446 P8FS002448 P8FS002448 P8FS002451
P8FS002440 P8FS002449 P8FS002449 P8FS002450
18 [+ — — T T — — T
16 0

:/ UCL

47.1078

124307« mean

L+ 0.0000

20 40 60 80 100 120

129

The graphical tool is a ¢ control chart.

Number of cavities are plotted with the serial number of
datum points, dots are the values, red dots are out of
control points (those may not be explained by random
variation).

Vertical lines separate batches.

The clue is the change of pattern from batch to batch.

130
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C Chart; variable: sum_lu
C: 2.4307 (2.4307); Sigma: 1.5591 (1.5591)

8/19/15 8/26/15 8/25/15 9/3/15

8/3/15 8/18/15 8/27/15 9/1/15
18 — — ™ T T

2440 .

ykerine 2448 Huile lu

%
2448 OLI Acidi o8
4
K

| pas
| MCA LPC412B 2449 KOH

00‘“\)«\\0

0

-— 7.1078

1 2.4307

0 IR TT S T, . ¥ i I H-H 0.0000

2.0 4.0 6.0 8.0 1(.)0 1é0
At the first sight batch id and previous material may not be separated

131

We were lucky (in this special case) that FIFO was not followed:

material contained in the | Polyol batch | lunker
Polyol tanker before

glycerine P8FS002440 | yes
MCA LPC412B P8FS002446 | no
Hydroxyde de potassium - .
Huile lub P8FS002448 | yes
OLI Vegetali raffinati P8FS002449 yes
OLI Acidi P8FS002448 | yes
OLIO BT 21 P8FS002450 | yes
Shell Turbo OIL P8FS002451 | no

The material contained in the Polyol tanker before is responsible.

132
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Within the same group the mixing gave different results:

Chart; variable: sum_lu

gyyfet Vertical lines separate
SE5555tEE s s 8 different mixing
" : operations.
“ | Within the same Polyol
: : batch/contaminant

e there are changes.

2.4000

i+ 0.0000

133

The cause of the difference may well be the different shift:

C Chart; variable: sum_lu
C: 2.4307 (2.4307); Sigma: 1.5591 (1.5591)
1231231231231231231231231231312312 31

i 7.1078

2.4307

Hi 1 +4 " 1 th
O = H=[H# HHH HH |+ R R R e g A e e e o e e i+ -+ -4 Hi 0.0000
2 s s s s s
P8FS002446 P8FS002448 P8FS002448
P8FS002449 P8FS002449 P8FS002450

Suspicion: judgement on cavities may be different from shift to shift.

134
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It was not clear if the period 25 August to 9 September 2015
was representative concerning the number of cavities, thus
further data collection was made between 5 and 25 January
2016, but the time period was shift instead of 2 hours.

No conclusion was reached as there was no oily
contaminant.

The average number of cavities per 2 hours was ~the same
(2.73 vs. 2.4 before), but there were no extreme values as
before.

For obtaining evidence tankers with oily contaminant would
be required, but artificial contamination would not be fair.

135

Alkatrész-keresés (Component search)

Ha vannak j6 és rossz termék-példanyok, a termék szétszedhetd €s
ujbol 6sszerakhato, €és az dsszerakott termék mindsége mérhetd €s
reprodukalhato.

1. Kivalasztunk egy j6 €s egy rossz példanyt.
2. Megmeérjiik mindkét példanyon a mindségi jellemzot.

3. Szétszedjiik és valtozatlanul 6sszeszereljiikk a jo és a rossz
terméket, ujra megmérjiik a mindségi jellemzot.

136
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Az atlagos kiilonbség a jo (J) és a rossz (R) termék kozott:

Az atlagos kiilonbség a jo €s a rossz termékeken beliil:

_|J1_J2| |R1_R2|
= +
2 2

d

Ha D/d>5, jelentOs ¢€s reprodukalhat6 a jo €s a rossz termék kozotti
kiilonbség.

137

4. Mérnoki itélokeépességiink alapjan megadjuk a részegységek
valdszintisithetd fontossagi sorrendjét (A, B, C, ...), elsdnek véve a
feltételezett legfontosabbat.

5. A legfontosabbnak tartott részegységet folcseréljiik a jo és a
rossz termék-példany kozott.

a. Ha nincs valtozas, vagyis a jo termék valtozatlanul jo, a rossz
pedig rossz marad, a vizsgalt részegység nem fontos a hiba
szempontjabol.

b. Ha a csere valamelyes valtozast okoz a mindségben, a
részegység a rdzsaszin (pink) vagy halvanyrdzsaszin (pale pink)
csoportba tartozik.

c. Ha a két termék-példany mindségi megitélése az ellenkezdjére
valtozik, megtalaltuk a hiba okat - ez a piros X, nem is kell
folytatnunk a keresést.

138
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6. Visszacseréljiik az A alkatrészt, és az 5. 1épést végrehajtjuk a B,
C, D stb. alkatrészekkel is. Ezzel kijeloljiik a piros X (ha ilyen
létezik), rozsaszinli X, €s a halvanyrdzsaszinli X csoportba tartozé
alkatrészeket.

7. Ellendrz6 kisérletet végziink, amelyben a fontosnak talalt
alkatrészekbdl a jot épitjiik be az egyik, a rosszat a masik termék-
példanyba.

8. Kiértékeljiik az egyes alkatrészek hatasat és kdlcsonhatasat az 5.
€s 6. Iépésben nyert adatokbol.

139

17. példa
K. R. Bhote: World class quality. Using design of experiments to
make it happen. Amacom, 1991, p. 71

Elektromos ora hidegtiirése
jo példany: -40°C, rossz példany: 0°C

—_—

rang alkatrész

Solenoid, pin, and shield
Idler gear shaft

Numeral shaft
Mainframe

Bell crank

Idler gears

Numeral wheels

Circuit board

Other components

olz|a|Hldlg|alwm|>a

OO0 [QA|N|N|H|W(N|—
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Jo darab (High assembly): -40°C, -35°C, -37°C
4, ~I(-40)-(-35) =3

Rossz darab (Low assembly): 0°C, -5°C, -7°C

Il
=

~37)-(-5)=32

(98]

=5.33>1.25

AT 5

141
' . .
Tabie 7-2. Components search: the hourmeter experiment.
Component High Controi* Low Control*
Test Nu. Switched Assembly Results Limits Assembly Results Limits Analysis
Initial
No. 1 All Comp. High | —40° All Comp. Low 0°
Disassembly/
Re-assembly All Comp. High =35* All Gomp. Low =5°
No. 2
Dissasembly/ All Comp. High “37° All Comp. Low =7
Reassembly
1 A AR, —40° —27.8° and —46.2° A, R, -5 -14.2° and +4.2° | A Unimportant
2 B B R, ~35° ~27.8° and —46.2° B A 0° —14.2° and +4.2° | B Unimportant
3 c C R, -35° —27.8° and —46.2° C, R, -5° -14.2° and +4.2° | € Unimportant
4 D D R, -20° —27.8° and -46.2° D, R, =h —14.2° and +4.2° | D Important
5 E E R, -40° —27.8° and —46.2° ER; 0° —14.2° and +4.2° | E Unimportant
6 F F,R, -40° | -27.8° and -46.2° F,R, -5° | ~14.2°and +4.2° | F Unimportant
7 G G A, —-20° ~27.8° and ~46.2° G, R, =5° -14.2° and +4.2° | G Important
8 H H, R, -35° | —27.8° and —46.2° H, A, 0° -14.2° and +4.2° | HUnimportant
Capping Run R D,G, R, —40° —27.8% and —46.2° 06, By 0° —14.2° and +4.2° | A Unimportant

*Control Limits = Median + d/1.81

Median for High Assemblies = —37°; Median for Low Assemblies = —5°

d = (Range for High Assemblies + Range for Low Assemblies)/2 = (7+5)/2 = 6
Control Limits (High Side) = —-37° +6/1.81 = —27.8° and —46.2°

Control Limits (Low Side) = —5° +6/1.81 = +4.2° and —14.2°

ICONCLUSION:

1. Components A, B, C. E, F, and H are within the high side and low side control limits. So they are unimportant.
p. Components D and G are outside the high side control limits. So they are important.

3. The capping run confirmed that D and G combined go outside both sides of the control limits. So D and G and their interacticn effects
are important.

142
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Component High ‘ Low
Test No. Switched Assembly Results Assembly Results Analysis
Initial
No. 1 All Comp. High | —40° All Comp. Low 0°
Disassembly/
Re-assembly All Comp. High -35° All Comp. Low -5°
No. 2
Dissasembly/ All Comp. High | -37° All Comp. Low =7
Reassembly
1 A AR, —40° A R, -5° A Unimportant
2 B 8, AR, -35° BB, 0° B Unimportant
3 c C A, -35° C, R, ~57 C Unimportant
4 D D R, —20° DR, -5° D Important
5 E EjR —40° E;R; 0° E Unimportant
6 F E.A, ~40° | B -5° F Unimportant
7 G G, A, —20° G, R, =5% G Important
8 H H R, —35° H, R, 0° H Unimportant
Capping Run R D,G,R, —-40°¢ DG Ry 0° R Unimportant
143

Components Search: Easy, Surefire Clues
Figure 7-2. Factorial analysis.
b Dy
0 0 -5
-5 -5 -20°
G 87 0
L b 5 > 14.7
0
5 Median = -2.5° | Median =-12.5°
-5 -40 -40
-20 -35 -40
G -37 -35
H ! P P 50.3
-35
Median = -12.5° -35 Median = -38.5°
25.0 14.7 50.3 40.0
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-40
Gy
-30
:‘3. -20
3
-10 OH /GL
0 B
Dy Dy
[(-12.5)+(-38.5)]-[(-2.5)+(-12.5)]
h, = ; —-18
[(-38.5)+(-12.5)]-[(-12.5)+(~2.5)]
h, = ; =18
[(-38.5)+(-2.5)]-[(~12.5)+(~12.5)]
hp = > =-8
145
iy UCL=Me+1t,y5,d /d,
420~ - - - - - - s
Elal ) UCL,, =-37+2.776-6/1.81=-27.8
Po o oo oo [ag UCky =737+ 2776-6/1.81=-27,
. '" / UCL, =—5+2.776-6/1.81=4.2
E -14.2°i—----~-—-—--o————»————-—: .
g -20°— _
: '; LCL=Me~t,,y,d/d,
£ ‘27-2"0”: """"""""""""""" ; ;‘
l V \ LCL, =-37-2.776-6/1.81=—46.2
, | Con
G o % ®/ LCL, =—5-2.776-6/1.81=—14.2
ST T T T T T T T |
o, A AR 128 858 T 8 um
sl | WL
ety iy 146
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9. példa
Ablaktorlé motor zajossaga

60

H: hajtomiihaz
M: motorhdz
F: forgorész
K: fogaskerék

50

40

30

arany%

20

| e

-10

26-Mar 15-Apr 5-May 25-May 14-Jun 4-Jul 24-Jul 13-Aug
datum
147
H: hajtomiihaz
M: motorhaz
F: forgorész
K: fogaskerék
H M F K eredmény
- - - - nem megf.
+ - - - nem megf.
- + - - megteleld
- - + - nem megf.
- - - + nem megf.
+ + + + megteleld
- + + + megteleld
+ - + + nem megf.
+ + - + megteleld
+ + + - megteleld
148
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19. példa
K. R. Bhote: World class quality. Using design of
experiments to make it happen. Amacom, 1991, p. 80

Elektromos késziiléek bekapcsoldsanak késlekedése
J6 példany: 16 ms, rossz példany: 30 ms

Jo darab (High assembly): 13ms, 16ms , 15ms

Rossz darab (Low assembly): 34ms, 38ms, 35ms

149

High Assembly Low Assembly
1 | A (crystal) ARy 16 ApRp 19
2 | B (microprocessor) BiRu 16 BuRL 35
3 | C (transistor) CLRu 14 CuRr 33
4 | D (capacitor C;) DiRy 15 DuRL 37
5 | E (capacitor Cy) E LRy 16 EuRL 18

| [ copping run | | ||

150

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com/

Péaronkénti 6sszehasonlitds (Paired comparisons)

Ha vannak j6 és rossz termék-példanyok, de a termék nem 0jbol
Osszerakhatd. Tobb jo-rossz part valaszthassunk ki a
gyartmanyok koziil, és kell egy mindségi jellemzd, amelynek
alapjan a jo a rossztol megkiilonboztetheto.
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1. Kivalasztunk egy jo és egy rossz termék-példanyt, lehetdleg

véletlenszertien a rosszak ill. jok koziil.

2. Ennél az els6 parnal megfigyeljiik és foljegyezziik az 6sszes
észlelhetd eltéréseket (méret, kinézés, a lehetséges miiszeres
vizsgalatok eredményei). A vizsgalat modszere a vizualis
megfigyeléstdl a rontgenig vagy elektronmikroszkopos felvételig
barmi lehet, beleértve a roncsolasos vizsgalatot is.

3. Kivélasztunk egy masodik part, és elvégezziik a 2. pont szerinti
elemzést.

4. Mindaddig tovabbi parokat vesziink, amig az eltéréseket
jellegzetesnek és reprodukalhatonak nem latjuk, ez altaldban mar
5-6 par utan bekdvetkezik.
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20. példa
K. R. Bhote: World class quality. Using design of
experiments to make it happen. Amacom, 1991, p. 85

Hibas dioda

scanning elektronmikroszkopos vizsgalat
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Observed differences
1 Good: No flaws Bad: Chipped die, oxide defects,
copper migration
2 Good: No flaws Bad: Alloying irregularities, oxide defects
Good: No flaws  Bad: Oxide defects, contamination
4 Good: No flaws Bad: Oxide defects, chipped die

(98]

4 esetben oxide defects, Red X
2 esetben chipped die, Pink X
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Vialtozok keresése (Variables search)

A multi-vari, az alkatrész-keresés és a paronkénti
Osszehasonlitas célja a sok lehetséges valtozo koziil a kevesebb
lényeges kivalasztdsa, de megengedve a faktorok kozotti
kolcsonhatasokat is.

A valtozok keresésének célja a vizsgalando faktorok szdmanak
tovabbi csokkentése.

A megval6sitds modja analdg az alkatrész-keresésével, de itt a
JO és a rossz termék-példany alkatrészei helyett a faktorok
(véltozok) feltételezhetden jobbik és rosszabbik bedéllitasait kell
alkalmazni.
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21. példa
K. R. Bhote: World class quality. Using design of experiments to
make it happen. Amacom, 1991, p. 96

Képlékeny-alakitas (Press brake)

tirésmez6 +0.005", ahogy sikeriil: 0.01"

STAGE 1 All High Levels  All Low Levels
Initial 4 47
1st Replication 4 61
2nd Replication 3 68
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Table 9-1. Variables search: the press brake case study.

Factors High Low
A. Punch and die alignment Aligned Not aligned
B. Metal thickness Thick Thin
C. Metal hardness Hard Soft
D. Metal bow Flat Bowed
E. Ram stroke Coin form Air form
F. Holding material Level At angle

Results. Numbers below are expressed in deviation from nominal in multiples of
0.001". {Low tolerances are better and vice versa.)
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STAGE 2
Test Combination | Results | Median | Control Limits Conclusion
1 A, Ry 3 4 -12.87 t0 20.87 | A Not important
2 Ay RL 72 61 44,13 to 77.87
3 B, Ay 5 4 -12.87 10 20.87 | B Not important
4 B, R, 47 61 | 44.131077.87
5 C. Ry 7 4 -12.87 10 20.87 | C Not Important
6 Cu R, 72 61 44 13 to 77.87
7 D, Ry 23 4 -12.87 10 20.87 | D Important with
8 Dy R, 30 61 44.13 to 77.87 | another factor
9 E; Ry 7 4 -12.87 10 20.87 | E Not important
10 Ey R, 50 61 4413 to 77.87
11 F. Ry 73 4 -12.87 10 20.87 | F important with
12 Ry A, 18 61 44,13 to 77.87 | ancther factor
Capping Run | Dy Fy R, 4 4 -12.87 10 20.87 | » DF interaction
important
Capping Run | D, F; Ay 70 61 4413 to 77.87 | » R unimportant
+ Complete
reversal
* End of test
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You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com/

*Medians for high and low assemblies are 4 and 61 respectively; so D = 61—4 = 57
d = Average lack of repeatability in each assembly = {1 + 21)/2 = 11
So D/d = 57:11 = 5.2:1, which is greater than 1.25:1. So Stage 1 is successful,
Control Limits = Median £2.776 d/1.81 = Median £16.87
So Control Limits (Low Level) = 44.13 to 77.87
So Control Limits (High Level) = —12.87 to 20.87
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Figure 9-1. Factorial analysis (see the case study on
components search in Chapter 7 for a full explanation of
factorial analysis).
Prigh D ow
4 3 23
4 5 18
Frigh 3 7 — 245
4 7
73 47 72
30 61 47
FLow 68 72 —- 116
70 50
Median = 51.5 Median = 64.5
72.0 “ {' 68.5
555 85
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(205+64.5)-(4+51.5) _ (85-55.5)

Main Effect: D = 5 _ 5 = 14.75
Main Effect: F = (51.5 + 64.52) -(4+205) _ (116 -224.5) - 4575
DF Interaction = (205 + 51.52) - (4 +64.5) - (72.0 éGB.S) - 175

60

x,/’,x The above results clearly show that the Red X

is factor F with a 45.75 main effect

40 contribution to process spread. Factor D is a
Pink X with a 14.75 main effect contribution to
process spread, and the DF interaction

20 contributes 1.75 to process spread. The graph
shows the presence of an interaction but it is
relatively weak.
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22. példa
K. R. Bhote: World class quality. Using design of experiments to
make it happen. Amacom, 1991, p. 99

Motor szabalyozé elektronikéja (Engine control module)

tirésmez6d 650mA-800mA, a félizemi kisérleteknél 10-

12% selejt
STAGE 1 ALL FACTORS AT HIGH LEVELS ALL FACTORS AT LOW LEVELS
742 MA 1053 MA
738 MA 1050 MA
725 MA 1024 MA
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\ble 9-2. Variables search for engine control module.
FACTOR DESCRIPTION NOMIF;ACLT%RALUE ToFLAECRTSE:E HIG:“:S}TOH LEVS;:' )
A. RESISTOR: R8s 0.68 OHMS + 5% 0.68 OHMS 0.65 OHMS

VOLTAGE : Vo sovoLTs | 5% 50 VOLTS | 475 voLTs
C. RESISTOR: R7T 100 OHMS - 1% 100 OHMS 99 OHMS
D. RESISTOR: R75 787 OHMS 1% 787 OHMS 729 CHMS
il O R 75 M.V 150 M.V. MAX 75 MV 150 MV
RESISTOR: R79 43 OHMS +5% 43 OHMS 40.85 OHMS
G. ll’r:leEGRATED CIRCUIT: Sy i — e,
OFF-SET VOLTAGE
163
STAGE 2 TEST NO. COMBINATION | RESULTS (MA) CONCLUSIONS
1 A_ Ry 768
2 Ay Re 1020
3 BL Ru 704
¢ Bu AL 1081
5 CL Ry 733
[ Ch R 1028
7 DL RH 745
8 Dy R 1018
9 EL Ry 726
10 En RL 1022
" F. Ru 233
12 Fu RL 1020
13 G, Ry 1031
14 Gy Ry 718
164
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median: u,,= 738 U= 1050

2.776-23/1.81=35.27

LCL,~738-35.27=702.72  UCL,=738+35.27=773.28
LCL,;~1050-35.27=1014.72 UCL,=1050+35.27=1085.28
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B/C 6sszehasonlitas (Best/Current)
nemparaméteres (rang-) sszehasonlitas
altalaban a vizsgalat utolso fazisa

de lehet az elso is, ha hisziink a valtoztatasban

H,: B nem jobb, mint C
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Best B B B c @ c
Bl © © B B © 0.167
I cl B ¢ 8 © B P
Waorst c cC B G B B
[1] 2 3 4 5 6 7 8 9 1011 12131415 16 17 18 1920
Best |B| B B BBBBBBBCCCCCCCCCTC
Bl BBCcccccececBBBBBEBCCCC
BlccBcCcBBCCCBBBCCCEBBBC
cleBecBBCCBBCBCCBBCCBBCESE
clccecBBCeCBGCBGCBCECBECBECGCEBE
Worst|lcl cBCCCBCBBCCBCBBCBEBESB
_ p=0.05
H,: B nem jobb, mint C
167

NULL HYPOTHESIS

s ”'-\B {NO DIFFERENCE)
{
(1) / %
4 s RESULTS

(2) { \

c SUPER AED X Ao B
L
/
(4) 2 \
l' \‘
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Values of k (Desired Minimum)

Assum =1,
Number of ,_IS :Ge GL‘G 72058' o
Randomized "g=ng e
Desired Samples [} Risk [ Risk

Confi a Risk a8 (04 0.50 010 0.05 0.50 010 0.05

0.988 0.001 2 43 3.0 4.0 4.3 3.9 &1 55

£ 3 16 25 3.6 339 3.2 4.5 5.0

o Supercritical 4 10 23. 34 238 2.9 43 48

s 5 8 22 34 3.7 2.8 4.3 4.7

Cé B & 2.2 33 a7 28 42 47

§ 0,59 0.01 2 13 23 34 38 3.0 44 48

- ; 3 7 21 3.2 3.6 2.6 4.1 4.6

= Critical 4 5 2.0 31 as 25 4.0 4.5

e 4 2.0 31 a5 2.5 4.0 4.5
Q

g 0.95 0.05 1 18 2.5 3.6 3.8 3.2 46 5.0

=3 2 5 1.7 3.0 34 22 38 4.3

? Impartant 3 3 16 29 33 2.0 3.7 “2

S 4 3 17 30 34 | 22 38 43

0.820 0.10 1 ] 2.1 3.2 3.6 2.6 4.1 4.5

2 3 1.4 2.7 3.2 1.8 3.5 4.0

Maoderate 3 2 1.4 27 3.2 1.8 35 4.0

No Overlap of Hanks Is Permitted by This Test
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BBBCCCCC
B end count: 3, C end count: 4, total end count:7
BBBCBBCCCC
B end count: 3, C end count: 4, total end count:7
o end count >
0.1 6 Tukey-proba
0.05 7
0.01 10
0.001 |13
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