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# # 5570429021 : MAJOR INDUSTRIAL ENGINEERING
KEYWORDS: FAILURE MODE AND EFFECT ANALYSIS, DEFECT REDUCTION, POLYESTER
DYEING PROCES
SUWAPICH PAWADEETANASET: Defect reduction in fabric dyeing process.
ADVISOR: ASSOC. PROF. JITTRA RUKIJKANPANICH, Ph.D., 163 pp.

The objective of this research was to reduce the defects in polyester dyeing
process. The study results found that there were a lot of color variation defects and
dye mark defects. The color variation defects and dye mark defects in Moscrepe fabric
were 20.71% and 7.62% respectively. The color variation defects and dye mark defects
in Chiffon fabric were 16.10% and 6.59% respectively. The steps of this research were
a) studying and gathering data for defining the problems b) improving the measurement
system of color variation defects c) using FTA to analyze causes and FMEA to screen
the significant causes d) setting up and implementing the plans for improvement and
e) monitoring the results. As the results, the significant causes with high RPN values
were occurred in scouring, heat setting and dyeing process. Those causes consisted of
1) using reused sodium hydroxide 2) no calibration of weight carts 3) incorrect weight
of dyes 4) having residual dyes after pouring 5) wrong orders of mixing chemical 6)
improper parameters setting of dyeing machine. Above all, the improvements were
concluded as 1) using pure sodium hydroxide 2) calibration of weight 3) improving work
instruction of weighting of dyes 4) improving work instruction of mixing chemical 5)
improving work instruction of mixing dyes and 6) using design of experiment to found
the proper parameters setting of dyeing machine. After the improvements were
completely implemented, the percentage of defects of color variation defects and dye
mark defects in Moscrepe fabric were reduced to 9.79% and 4.55% respectively. The
percentage of color variation defects and dye mark defects in Chiffon fabric were
reduced to 5.78% and 4.05% respectively. Finally, using pure sodium hydroxide was

the action which reduced higher the percentage of defects than the others.

Department: Industrial Engineering Student's Signature

Field of Study: Industrial Engineering Advisor's Signature
Academic Year: 2015
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1) MIAATIERTTUUNTIAvastayalu (Attribute Measurement System)
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® ANITIATIEINIIADS

One-way ANOVA: % Color Variation Moscrepe versus Color

Method

Hull hypothesis A1l means are edqual
Alternative hypothesis At least one mean is different
Significance lewvel o = 0.05

Equal wvariances were assumed for the analysis.

Factor Informaticon

Factor Lewels WValues

Color 12 1, 2, 3, 4, 5, &, 7, &, 9, 10, 11, 12

knalysis of Variance

Source DF R4y 535 2dj M5 F-Value P-Value
Color 11 29.25 2.6859 0.93 0.531
Error 24 688.78 2.866

Total 35 98.03

Model Summary
5 R-s3g ER-3gf{adj) ER-sgi{pred)

1.692586 29.84% 0.00% 0.00%
Means

Color N Mean StDev 95% CI

1 3 21.33 2.31 { 19.32, 23.3%5)
2 3 21.574 1.370 {19.557, 23.591)
3 3 19.683 0.550 ({17.665, 21.700)
4 3 22.514 0.69%4 (20.497, 24.532)
H1 3 20.484 1.553 (le.4e7, 22.502)
& 3 22.07 2.00 { 20.0&a, 24.09)
7 3 21.18 2.04 { 19.1a, 23.19)
i 3 19.178 1.444 (17.161, 21.195)
9 3 20.49 2.03 { le.48, 22.51)
10 3 20.476 0.825 (18.459, 22.4393)
11 3 20.909 1.575 (1B8.892, 22.92§)
12 3 20.60 2.54 ( 1lg8.59, 22.82)

A a ¢ aa a v A A v =
E‘U‘V] 53 Naﬂ']i'lLﬂi']ngn\‘iaﬂmma@ﬂqiLﬂﬂsﬂa‘UﬂWiaﬂﬁlmLWN@HIUNW@J@aLﬂiﬂLLEJﬂI‘Vlua

3INFUN 5.3 A1 P-value fiA1 0.531 FexA1MINTT 0.05 Uana31 Ldiauuaneaniu

vosloiiduddeunniesdlimiovuluudarinug daduluanideifddldfinsanagivh

Tmandaunnseswensulnudvstnuaamsy

2) fnFnaq

o audgrunldlunisvegey

Ho: M1 = M2 = M3 = Mg = Hs = Hs =H7 = Mg = Mg = Mg = M11 = Hip
laifanuwenaeiureslasidudveunndadliwmiouluwsazlnud
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® ANITIATIEANIEDH

One-way ANOVA: % Color Variation Chiffon versus Color

Method

Null hyvpothesis L1l means are equal
Alternative hypothesis At least one mean is different
Significance lewvel o = 0.05

Equal wariances were assumed for the analysis.

Factor Information

Factor Lewels Values

Color i2 1, 2, 3, 4, 5, &, 7, &, 9, 10, 11, 12

Analysis of Variance

Spource DF Adj 55 Adj MS F-Value P-Valuse
Color 11 50.682 4.802 1.57 0.170
Error 24 T70.13 2.5924

Total 35 120.80

Model Summary

5 E-3ag ER-sgi{adj) ER-sa{pred)
1.71008 41.90% 15.27% 0.00%
Means
Calor N Mean StDewv 95% CI
1 3 1&8.214 1.557 ({16.177, 20.252)
2 3 18.2%8 0.4%0 (l6.26l1, 20.338)
3 3 17.95 2.00 ( 15.91, 19.99)
4 3 21.55 2.00 { 19.51, 23.59)
5 3 15.47 3.27 ( 1le.43, 20.50)
[ 3 19.744 0.444 (17.706, 21.781)
7 3 18.416 1.391 ({16.378, 20.454)
g 3 19.41 1.80 ( 17.37, 21.45)
g 3 18.031 0.579% (15.993, 20.0a8)
140 3 15.89 1.92 ( 16.85, 20.93)
11 3 1&s.l128 1.622 (16.090, 20.164)
12 3 21.264 1.291 (19.227, 23.302)
Fooled StDewv = 1.71008

JUN 5. 4 nan1sinseivnsatiavesnisiintaunnsesdlivienluindnesweninud

91NJUN 5.4 A1 P-value 31A1 0.170 FeilAm1nd1 0.05 wanadn Lddanuuwnneieiu
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warluruddeillavihnsinsanandeyateunnsesUseinvanas udne naulnud
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1) Hupaasy

o auudgrunldlunisveaay

Ho: M1 = M2 = M3 = Mg = Ps = g =H7 = Pg = Mg = M1g = M11 = M2
laifanuwanaeiureslasidusveunnsannansiudiuniaslnug

H1: feg13ties 1 Inuaniwesifudtaunniaansnsivaianssllanninud
a

DU

® NANITIAATIEVNIADH

One-way ANOVA: % Dye Mark Moscrepe versus Color

Method

Mull hypothesis All means are egqual
Alternative hypothesis At least one mean is different
Significance lewel o = 0.05

Equal wariances were assumed for the analwvsis.

Factor Information

Factor Lewvels Walues

Color 12 1, 2, 3, 4, 5, &, 7, 8, 9, 10, 11, 12

Analysis of Variance

E:urce DF ARd4dj 55 Adj M5 F-Values P-Value
Color 11 11.02 1.002 0.33 0.970
Error 24 T72.58 3.024

Total 35 B83.60

Model Summary
5 B-3g PR-sgi{adj) BR-agi{pred)

1.73898 13.18% 0.00% 0.00%
Means

Colar N Mean StDewv a95% CI

1 3 ®.558 1.503 {4.483, 8.628)
2 3 ®.874 1.005 {4.802, 8.948)
3 3 B.478 1.827 (4.404, 5.548)
4 3 5.53 1.88 { 3.46, 7.80)
5 3 4.801 0.872 {(2.728, 6.873)
[ 3 6.18 1.596 {4.113, 8.257)
7 3 ®.294 1.542 {4.222, 8.3688)
g 3 6.76 1.97 { 4.689, B.83)
9 3 &.31 2.67 { 4.23, B.38)
10 3 B.714 1.545 {4.6842, 8.72&)
11 3 E.38 2.38 { 4.29, B.44)
12 3 B.112 1.479 (4.040, B.124)
Pooled StDewv = 1.T73898

& N ¢ aa a v ] ! P v a
EUVI 5.5 Naﬂ']ﬁ'JLﬂiqgwﬂqqaﬂmﬁﬂaqﬂ']iLﬂWGUE]‘UﬂWi@Q@qﬁﬂiqUﬁIUNWN@ﬁLﬂiﬂLLEJﬂIV]ua
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N3UN 5.5 A1 P-value TA1 0.970 FadiAna1ndn 0.05 wanedn Lidiaauunneneiu
youlasiduidaunnsesnnasudluusasinud duiulusmAdeiiddldinsananmgiivi
Anteunnsesusnaulnudvesriueansy
2) fhamles

o auudgrunldlunisvegey

Ho: M1 = M2 = M3 = Mg = s = Mg =H7 = Mg = Mg = M1g = M11 = Hi2
laifanuwanaeiureslasidusvaunnsaannansudluniaslnug

H1: Segatiey 1 Wnudniidesiduddaunndaaneasuawanstsllaninug
a
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® NANITIATIEVNIADH

One-way ANMOVA: % Dye Mark Chiffon versus Color

Method

Hull hypothesis 211 means are egual
Alternative hypothesis At least one mean is different
Significance lewvel o = 0.05

Equal wvariances were assumed for the analysis.

Factor Information

Factor Lewvels Values

Color 12 1, 2, 3, 4, 5, &, 7, &, 9, 10, 11, 12

Analysis of Variance

Spurce DF Rdj 55 &dj M3 F-Value P-Value
Color 11 42.57 3.870 1.68 0.139
Error 24 55.22 2.301
Total 35 a7.7%9
Model Summary

5 E-s3g ER-sgf{adj) BE-sg({pred)
1.51688 43.53% 17.65% 0.00%
Means
Calor N Mean StDewv a95% CI
1 3 T.262 1.443 {5.454, 9.069)
2 3 9.837 0.828 {8.029, 11.644)
3 3 T7.05 3.00 { 5.24, B.86)
4 3 T.62 2.34 { 5.81, 9.43)
5 3 ®w.482 0.532 (4.674, g5.289)
[ 3 7T.453 0.a98 {5.645, 9.260)
7 3 9.137 1.410 (7.329, 10.944)
i 3 9.010 0.877 {(7.202, 10.817)
9 3 B8.398 0.880 {6.590, 10.205)
10 3 T.556 0.770 {5.748, 9.363)
11 3 6.49 2.31 { 4.68, 8.30)
12 3 6.393 0.307 {4.585, 8.200)

Pooled StDew = 1.51688

JUT 5. 6 HANTIATIwINNERRvRINsndauNnsasaeA Ul N slenlnud
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® Aoyl



® nsmuNEY (Acetic acid)
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Test and Cl for Two Proportions

Sample X N Sample p
1 3 30 0.lo00000
2 9 30 0.300000

Difference = p (1) - p (2)
Estimate for difference: -0.2
95% upper bound for difference: -0.035514&

Test for difference = 0 (vs < 0): Z = -1.84 P-Value = 0.026
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3 141.4 141.2
4 141.4 141.4
5 141.3 141.3
6 141.1 139.0
7 141.4 138.7
8 141.5 141.5
9 141.3 141.3
10 141.6 142.0
11 141.5 141.5
12 141.0 141.3
13 141.2 142.1
14 141.7 141.7
15 141.3 141.0
16 141.3 141.3
17 141.2 141.2
18 141.3 141.3
19 141.7 139.2
20 141.2 141.2
21 141.0 141.0
22 141.5 141.2
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25 141.4 138.8
26 141.7 141.4
27 1415 142.0
28 141.0 141.0
29 141.2 141.1
30 141.6 141.2
31 142.0 139.5
32 141.8 141.8
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35 141.1 141.8
36 141.8 141.8
37 141.8 1415
38 141.2 141.2
39 141.8 141.8
40 1413 141.0
41 141.7 1423
42 141.1 141.1
43 1415 139.1
aq 1415 141.2
45 1415 1415
a6 141.8 141.8
a7 141.6 141.6
48 141.4 141.3
49 141.7 141.0
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JUT 7. 6 in3eadaudnvedlssrunsdfine

\nseaiinildwszneundneg 10 og1s e
1. duvesviensesadeu (Main Vessel or Chamber)
. fevyud R mIeIa (Winch roller or reel)
. gUnsnlaneimauTau (Heat Exchanger)

. 9an (Nozzle)

2

3

4

5. uin (Reserve Tank)
6. 819na (Dosing Tank)

7. gunsailaiudun (Utility lines) o vieth viotdis s
8. whwmuAw (Controlling unit or Processor)

9. 5w (Fabric Platter)

10. YaLMasHATI1a3 (Motors & Valves)
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INMIATLRE U sintounnsesdlduiiou vilimsiuindaefeates

[y

funslnaiouiuazindenlilainane Fsanduuslussuuthedy avdiuldinnsdeslile
Aainaueuazmiloufuduinigiu anuiwesnsisdidesdauduiusiunisivaiou
Yondon
31NN15ANENINEITE1989LAT 0 daNLAE NTTEANALARYD T NIUTI A BT 0
wuinadeidedinisusuddimnsauiuinlundazydnuas maindsavilianugives

1
Y v A

nsIarMsivadeuigenliainaue awnsoagule fedl

® YUIAVDINIRA (Nozzle Diameter)
Mnenassdenadasdouinuilivhisiiusznausensie 3 via fio
1) nyefifewdeansaeuuuiivesing (Gap Cone 138 Slit Cone) eflvunnves
499714 2 Haalung
2) ATIWAUNIDNTWUUULSEU (Blind Cone)
3) RUATBUNTIE (Trumpet)
Fansae9ta 3 viln Sournuansneiu 3 seu Tngldduniugudnansveingde
Tun1swUs Aa 50 mm, 70 mm Kag 90 mm Fevurnms 3 sesuaziinsusuasu
deldfimnumnegaulassadisiuazaiuning wWisldiaunsaluaieuldedis
audue MnvusvesnseiiuaEniulUasilinsivaiouvesinllainaue 019
Andde ddluduneunisteutimeatasy vunnvesndaiduiusuimnye i

1paATULALHNTNDY AB 50 mm wag 70 mm

® 590U (Nozzle Pressure)
v 8 & o A Y a a H v o v ~
wses U dudadenaeliinnisivai suveadkazintudeday Tneiinng
Y3udansasulmnunzausiuiiinue e Inevndsudnsssuliunsay agvinly

Wan1salgutdauwasinldalnansludidoy 31nena1591989U896A3098 01

[

w3aRua1u5aUsuld 3 s8dU A 1.5 Ke/cm?, 2.0 Ke/cm? way 2.5 Kg/cm? 34l

v

TURBUNITIBU LIIAUNFURUSAUANBUrU0IRNeaIATU Aa 2.0 Kg/cm? uag 2.5

[V Y

Kg/cm? dmisunssnudunusiuanuauzdntnes Ae 1.5 Kg/cm?, uag 2.0 Kg/cm?

® auiwemes (Motor Speed)
yawnasidutladednuilandinananinutS U0 IHILaY SO UNISARDUNVR IR T

Tagfeu FavnuFuasliminzauagiiiindfiavsodiugnnasls a1nenansoneds

289LA503801 AUSaLsUSUlS 3 EAU 250 m/min, 300 m/min way 350
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m/min TaguSudslnduius fuaIue1Iv9961 F9ANUL5 DI NFURUSAuAIY
g1V ENURAATURALENTNDY AB 250 m/min™ waz 300 m/min’

®  RIINTENINIAN (Gap)

F0473195IemEn Wudiuiideugndeasuud iedeliinnisgedy

=

nIokaniUasuiuvesngonLasilan{1UAIAA (Fabric-Liquor interchange) &
PINABINT UG DUTWTIAULINTU DLVINTAAVUIAVBITBIINGLA NNLBNEANTHN9D

d' 4 1 ! ! v a [ % 14 % A
VDUATDITRN F09I193ENINIRnauNTaUsUTEAULS 2 SEAU Al 2 mm uag 4 mm

! '
= 1 ! U [ Y

F9UDIINITLNINIAANFUNUS N UENUAATUWALENTNDS AB 2 mm

® Huiiegn (Suction Valve)

' ¥ o
= ) 1

Juduganibiunfednisludsden naanieliinugunsaldnemainusou

Y Y
[

warddlugadedaudnaslagn1uINdiian (Nozzle Valve) AVntniiusunsanuwLad
anundnlUludeday anenansenederaanIaedenariestinisusulrndunusiusile
Y9IH1 FeduviepanduiusivinueaasUuaginTes Ae NTweu 4/7
e aUSunstuaalIunng (Counter Flow Valve)
I~ I3 (v v go’ % v Y % a d' ¥
Wunawsulrinlvaaiumatnluludedoy a1nwenansenadsveansosday

'
U W v v 6w

azdosiinsusulrduusulinueesn @9darUsunismaaiunendunusiuinued

= U

WASULAZENTNDY AD NSEeU 5/10

7.6.1 sngazdeanisiaendadenfesnisAnerdmiunsesnuuun1maaas nIaikn
waaAsULaznNUNaY
o 9 v Y o - | v A ! ]
PnATuukasninaudeanliinisussgunsemedaienladeiainindanase
awsnisinaisuresindeuduasinliadaus levinisasuandentadeiininininase
anunil Ao TUIATDIMIER WS warAISINENES 1B INTin1sUSUMIMANAIIIN

LONA1TD19D9YD AT DY

7.6.2 N1598NKUUNITNAADY NTAURUDEATY
31NN15ANYT wuInisusumeneun1susulseasldussaunisalventdnaulunis

U3URa P AIANULANAI991NBNANSO9DIVDULATDIEDN AIANSI9N 7.14
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N o o o = o v a o Y !
M1 7. 14 ﬂ']iﬂi‘UG]\TEUU']WSUaQW'JQ@ILLaSLLi\‘]@‘Nﬂ']EJIUW'JQ@ﬂTVﬁUNWN@aLﬂiﬂﬂa‘Uﬂqﬁ

Uiuu§e
AR U tady LA
WI9FU 2.0 Kg/cm?
Bueaiasy | IUINVBIEIAA 50 mm
AAULSINBLADS 300 m/min™

7.6.2.1 n1sn1unseauUadeN g lunisanen

o LY v

TUN1SAIMUATEAUVDIVUIAVDIITA WA WarANULSILaLADS LaRaITuLden

v L3

P v Ao Y% o A
bNEN 2 igﬂumaNWUSﬂ‘UN']?JE]ﬁLﬂiUll'ﬂfmUﬂ"ﬁ@@ﬂLL‘UcUﬂ']TV]@a@Q PNMTIIN 7.15

ANS9N 7. 15 seaudasentalunisanyl nsalknusdasy

a 2 '3 U 2 6 U igﬁu 1
GRG yanwal a3y 78
-1 +1
A ISXIof 2.0 2.5 Kg/cm?
KAy B YUNNVDINIRN 50 70 mm
C ANLLSILULMDS 250 300 m/min’!

7.6.2.2 N1599NLUUNITNARDY
TuauAded 1AeanwUUNISNAABILUUBLNAN LS IALUU 2° NUINLANINLA 8 NS
NPavY MIIN15NAad 2 91 eledu 16 n1sneasdlaslseeniuunisnaassilneldlusinsy

MINITAB Tunsdu dsmsneil 7.16
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AN 7. 16 a1fUN1TNAaRINlUsHkNSL MINITAB

StdOrder | RunOrder | CenterPt Blocks Pressure Diameter Motor
7 1 1 1 2.0 50 250
14 2 1 1 2.5 70 250
9 3 1 1 2.0 70 300
8 a 1 1 2.5 50 250
12 5 1 1 2.5 50 300
16 6 1 1 2.5 50 250
6 7 1 1 2.5 70 250
q 8 1 1 2.5 50 300
3 9 1 1 2.0 50 300
15 10 1 1 2.0 50 250
13 11 1 1 2.0 70 250
10 12 1 1 2.5 70 300
5 13 1 1 2.0 70 250
11 14 1 . 2.0 50 300
1 15 1 1 2.0 70 300
2 16 1 1 2.5 70 300

7.6.2.3 AuUsAaUHAUDY

dasnlunisvaassiaulunansenureaiadounniesdlimilon duusnovaussd
14 Fadurnnuuandnavesdioguiisuiuduinsgiu (Total Color Difference, AE) il
NnnnsnsIainlaeiiosing dadudeyauuuuusiu (Variable Data) ilosanifumiliidy

WU LUNNSASIIRTUNNT DA Lmilou

7.6.2.4 tunaunsAliunmaass

Tunssdunisnaass thinfruduneusieglunsyuiunsdeudn auldininden
semstion dsilswaziBenludunounisiidunisnaass §ei

1) asragournumdenlunisldnuveaadesdng

2) dnnseudNeaEAsy

3) i’]’mLméau%LLazamﬂﬁmuqmﬁﬁmum

4) WANFLATANTLALANUANY
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5) Yadaprupuildlunisveass
® ANUETMVRINWAATY 300-350 LUAT

o Tyudnltlunisdou A Inuddy

1 '
a ]

® {uvienn Nszau 4/7
® 1@mUTumisluaaIunng Nz 5/10
! ! ! v A = v
®  pIINTENINTIEA N15EAU 4 mm
e gnsduwer 10:1
6) niinaudndeg i douasaddlininanunsivaeunnnm
7) winnuasasuaunmidlululueiosduniiassalisey

8) InANALLANANVRIEFIREN LB UAUFLNTTIU (AE) FI8LASaYIng

7.6.2.5 NaN1INAABDY

AT 7. 17 HaNISNARDIURRIUedLATU

StdOrder | RunOrder | CenterPt Blocks Pressure Diameter Motor AE
7 1 1 1 2.0 50 250 0.754
14 2 1 3! 2.5 70 250 0.550
9 3 1 1 2.0 70 300 0.832
8 4 1 1 25 50 250 0.612
12 5 1 1 25 50 300 0.729
16 6 1 1 25 50 250 0.699
6 7 1 1 2.5 70 250 0.448
4 8 1 1 2.5 50 300 0.905
3 9 1 1 2.0 50 300 1.065
15 10 1 1 2.0 50 250 0.854
13 11 1 1 2.0 70 250 0.823
10 12 1 1 25 70 300 0.746
5 13 1 1 2.0 70 250 0.782
11 14 1 1 2.0 50 300 1.086
1 15 1 1 2.0 70 300 0.845
2 16 1 1 2.5 70 300 0.748
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1) MIATIVHBUANNYNADIVDIUUUTIABY

NMINTINFBUANUYNABIVDIUUUTGBIUTENOUMIENTNAGR UTDMMUALNEITUAIY

[ ' '
= ] [

AaALAADUYRINTMIAARY Fstuagfutouluiididy Ae NID (0, 02) Fufiiteuly 3 euly fio
® nsuanuasesteyalunisuanwawuuUn® (Normal Distribution)
o Joyailaudasysoiu (Independent)
® ANUTENYININVDIAIAULUTUTIU (Variance Stability)
%wzﬁmﬁmnaaummgﬂéfaq fiauﬁ'%ﬁwalﬂ%mswﬁLLazaqUNamﬁaaﬂLmumimaaq
1.1) msmqaaaumsu,amLml,wuﬂnaﬂlm%'aga (Normal Distribution)
fsanannisiimanueaineEey (Residual) lunsiadeu drdin1snszanednuy
Unfiase nywlegidnvasidudunse Jauansindeyaiinisnisnsznedinuuund anuadns
lgiundondielusunsy MINITAB #ui1 AauaaInndoutedfiuUsnouauasfoudig

a [y Id o/ = 1Y = J Y ay 1 [ ~
LS8N UL UULAUR 39 ‘\NLLﬂﬂﬂ’J’]SUE)QJUaiJﬂ’NiJLLG]ﬂG]'NQ']ﬂG]’JLLUUUﬂG]VLiJN’m G’NE‘UVI 7.7

Normal Probability Plot
(response is AE)
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Versus Order
(response is AE)
a10

Q05

Q.00

Residual

-005

-a10
i 2 3 4 5 & 7 8 9 10 1 122 1B 14 15 16
Observation Order

JUT 7. 8 nenluansmnuduiusvesAInulanaInlar SR uinTInaed

1.3) N13ATIRHDUANULEADYTVDIAMUUYUTUTIU (Variance Stability)
HTUINAIAIUAIALARBULAZ AIAANUIYRIFIUUTABUAUDY N1TNTLANYAD
Aodlunuulizuuuy Faunsaagulidimnuudsusiuvesdeyainuiadies 9nguin 7.9

giuIddnuarn1snsratefmuuulizuiuy wansiteyaiildannismesesiuiiadosnin

YDIANULLUTUTIU
Versus Fits
(response is AE)
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2) NMTIATIZANANTITNAGDY

21NN1TBNLUUNNTVIEABINUULIIANEIT A Ailln1snnass 2 €1 Fan151ad 7.18
anunsnazunaldinie 3 Hade e ussungluiade swmduihugudnansveaiadauas
Yosi1sznineiadn Wutladendn (Main Effect) NTdvEwarerInLLANF9e Lo uriUd
11A551U (AF) ideransenusenisiindounnsesdlimilenlunsyuiunisdendnueaiasy
osnnnita 3 Hadefien Pvalue Hosndn 0.05

A15197 7. 18 M5 ATIEANULUSUSUvRItadeiilinanasuUsnauauad

Factorial Regression: AE versus Pressure, Diameter, Motor
Analysis of Variance
Source DF B4y 55 Adj M5 F-Value P-Value
Model 7 0.377488 0.053927 14.09 0.001
Linear 3 0.343380 0.1144480 29.90 0.000
Preasure 1 0.160801 0.160801 42.01 0.000
Diameter 1 0.054056 0.054056 14,12 0.008
Motor 1 0.128522 0.l128522 33.58 0.000
2-Way Interactions 3 0.008187 0.002729 0.71 0.571
Pressure*Diameter 1 0.00003& 0.000036 0.01 0.925
Pressure*Motor 1 0.002601 0.002601 0.68 0.434
Diameter*Motor 1 0.005550 0.005550 1.45 0.263
3-Way Interactions 1 0.025921 0.025921 6.77 0.032
Pressure*Diameter*Motor 1 0.025921 0.025921 6.77 0.032
Error B 0.030622 0.003828
Total 15 0.408110
Model Summary
3 R-3g R-sg({adj) R-sg(pred)
0.0618688 92.50% 25.93% £9.99%
Coded Coefficients
Term Effect Coef SE Coef T-Value P-Value VIF
tcnstant 0.7799  0.0155 50.42 0.000
Pressure -0.2005 -0.1003 0.0155 -6.48 0.000 1.00
Diameter -0.1163 -0.0581 0.0155 -3.76 0.006 1.00
Motor 0.1792 0.08%  0.0155 5.79 0.000 1.00
Pressure*Diameter 0.0030 0.0015  0.015% 0.10 0.925 1.00
Pregsure*Motor 0.0255 0.0128 0.0155 0.82 0.434 1.00
Diameter*Motor -0.0373 -0.0186 0.0155 -1.20 0.263 1.00
Pressure*Diameter*Motor 0.0805  0.0403  0.015%5 2.680 0.032 1.00
Regression Equation in Uncoded Units
AR = -22.75 + 9.63 Preasure + 0.412 Diameter + 0.0904 Motor - 0.1765 Pressure*Diameter
- 0.0366 Pressure*Motor - 0.001523 Diameter*Motor + 0.000644 Pressure*Diameter*Motor

Aa o

INNITIATIZANANITNABDIE LN TOLAAINAUDIUITE NN LAY dURTA S N E Ay
28n11lusULUUYe9 Normal Plot haguiun1mnsle delanslugun 7.10 uaggun 7.11
AINEIPU TINDILAAINANITODNLUUNITNAADIVOINANSNUDIU NI NARDAILUTNDUAUDY

=

AIFUN 7.12 wagHavesdunsisevesladeniinasemuusnevanes auanslugy 7.13



Normal Plot of the Standardized Effects
(response is AE, Alpha = 0.05)

8

Effect Type
# Not Significant
W Significant

mC Factor Name
A Pressure
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C Motor

Percent
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Pareto Chart of the Standardized Effects
(response is AE, Alpha = 0.05)

Term 2306
T
Factor Name
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C Motor
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Standardized Effect
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E‘U‘Vl 7. 11 ununmwslauanstadonanuaydunsnsenniitedn 3y
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Mean of AE

Mean of AE
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Main Effects Plot for AE
Fitted Means
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Interaction Plot for AE
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INNITRIITUIFUN 7.12 Wae 7.13 WUTIAIMINLUANANYBIFINE UA VARSI
(AE) SuwilduanauiouSusausaiu wiiu 2.5 Kg/cm” uagaunaduniugudnaiavesinga

WU 70 mm kagANUSINeLas 250 m/minT famns199 7.19

AN5197 7. 19 Uadenarseaunmunsaudnsunuadaasy

Serudi Uy SeuTmnzay NUIE
1 WIIPU 2.5 Kg/cm?
2 YUINYBIAIANA 70 mm
3 ANuSILeLAeS 250 m/min’

7.6.3 N1599NKUUNITNAABY NTAIRNTN DY

= ! [ ;’j ! (% £ L3 LY
INNTTIANTYN ‘W“U’J’]ﬂ'ﬁﬂﬁ‘UG]\‘iﬂ@uﬂqﬁﬂﬁU‘Uj‘Q"\]SIGUUigﬁUﬂWﬁm%@ﬂWUﬂﬂqu&LUﬂqﬁ

YSUAWTURLINUENTNDS TN ILAIULANFI9ANNLBNETD19D9UBIATBIIDN AIAISI9N 7.20

M13199 7. 20 MsUTusauavas@atazusaiungluidad miuintnesneun1susule

AR U Uadey LAY
WI9FU 1.5 Kg/cm?

aneg YUIAVDINIRA 50 mm
ANILSILBLMDS 250 m/min’

7.6.3.1 nM1sn1uaseauUadeN lglunisAnen
TuN1SAIMUATEAUVDIVUIAVDIITA WIFU BazAUSuaLnes IaRaIsuLden

Wes 2 syaunduiusiuindnesunlglunisooniuunsnnass AanNsen 7.21

AN5197 7. 21 seautavenlalunisAnen nsaEnTnea

a %3 '3 U v s U igg{u 1
NARNA N yanual Jadg YUY
-1 +1
A TeNIZ)] 1.5 2.0 Kg/cm?
Y s
NIYNDY B YUIAVDINIAN 50 70 mm
C ALY 250 300 mm
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TuauIded 1aeanlkuun1sNAanILUULNANSLS8aRUU 2° WUINLANInUa 8 NS

NPAvY MIIN15NAABY 2 91 aledu 16 n1sneasdleslseaniuunisnaassilneldlusinsy

MINITAB Tunsdu amsneil 7.22

A519% 7. 22 erdunisnaassanlusunsuy MINITAB

StdOrder | RunOrder | CenterPt Blocks Pressure Diameter Motor
11 1 1 1 1.5 70 250
6 2 1 1 2.0 50 300
2 3 1 1 2.0 50 250
7 q 1 1 1.5 70 300
3 5 1 1 15 70 250
q 6 1 1 2.0 70 250
8 7 1 1 2.0 70 300
5 8 1 1 1.5 50 300
14 9 1 1 2.0 50 300
15 10 1 1 1.5 70 300
1 11 1 s 1.5 50 250
9 12 1 1 1.5 50 250
12 13 1 . 2.0 70 250
10 14 1 1 2.0 50 250
16 15 1 1 2.0 70 300
13 16 1 1 1.5 50 300

7.6.3.3 AuUInaUaUag

dosnlumanasesiaulumansgnurenfadounnsesdlimilon fuuseuauasi
14 Jadudrmnuunninavesdfesaiisuriudninsgiu (Total Color Difference, AE) filé
Nnnsnsninlaeiadosing dadudoyauuundsifu (variable Data) osanidumildidu

WU LUNNSASIVIRVUNNT B9E bimilou
7.6.3.4 YURDUNISANTLUNITNAADY

Tun1saniiunisnaass Ukt URaUA199 lunTEUIUNISTaur Aularnnsey

v
v A

faN158au T9ils18azdunluTunaUNISALIUNISNAaDY Fall

1) #579@UANUNS U lUNTITITUYDHATDIINT
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2) InLpTaUENTND9

3) JLsEnduazansIAlinUgRTAITu.

4) NANALATANSALAUAIAU

5) Tadueuauildlunisnaaes

AUENMVDIENTNDS 400-450 LUMT

Inuantglunisdoy Ao INuay

1 ]
a ] a LY

AUNBRA NIEAU 4/7
N WSunistraaiunig Aseau 5/10
YDIINTLWINGIRA N5EAU 4 mm

BM1@IUURBEN 10:1

6) niinaudndeg I douasvddlininanunsiaeunmnm

7) wiinauenvaeuaun i lutulueTesduiiuasialisey

8) INANAULANANVBIEIIBEUTEUAUFNIATEIU (AE) AI8LATRYInG

7.6.3.5 Nan1INAaag

AN 7. 23 WANISNNABIVDENTND

StdOrder | RunOrder | CenterPt Blocks Pressure Diameter Motor AE
11 1 1 1 1.5 70 250 0.955
6 2 1 1 2.0 50 300 0.732
2 3 1 1 2.0 50 250 0911
7 4 1 1 1.5 70 300 0.807
3 5 1 1 1.5 70 250 0.894
a 6 1 1 2.0 70 250 0.683
8 7 1 1 2.0 70 300 0.568
5 8 1 1 1.5 50 300 0.775
14 9 1 1 2.0 50 300 0.690
15 10 1 1 1.5 70 300 0.798
1 11 1 1 1.5 50 250 1.084
9 12 1 1 1.5 50 250 1.098
12 13 1 1 2.0 70 250 0.665
10 14 1 1 2.0 50 250 0.711
16 15 1 1 2.0 70 300 0.473
13 16 1 1 1.5 50 300 0.874
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1) MIATIVHBUANNYNADIVDIUUUTIABY

NMINTINFBUANUYNABIVDIUUUTGBIUTENOUMIENTNAGR UTDMMUALNEITUAIY

[
= ] [

ARNALATOUYDINTNARDY TTusguRauland1Ary Ao NID (0, 0% Fsllteuly 3 Reuly Ao

Y

® nsuanuasesteyalunisuanwawuuUn® (Normal Distribution)
o Joyailaudasysoiu (Independent)
® ANUTENYININVDIAIAULUTUTIU (Variance Stability)
%wzﬁmﬁm’maaummgﬂé’aq fiauﬁ'%ﬁwalﬂ%mmzﬁLLazaqUNamﬁaammumimaaq
1.1) nsnsavdauntswanuasdayadnlunisuanuaswuuun@ (Normal
Distribution)
Farsanannisihmanuaaaaieu (Residual) luasavdey fin1snszaefuuy
Uniase nsmazddnwasiduldunse s?iamed’ﬁ'fa;gjaﬁmimimzmséhLLUUUﬂa PNKAGNG
Flaundensielusunsy MINITAB WU51 AuRaInLAdeutefiLUsnouauesnaudig

a [y Id 1% = (N = 1 o ay 1 [ ::4'
L3E9NULUULAUR 59 @NLLﬁﬂQ’J’]SUEJQJUaiJﬂ’JWSJLL@]ﬂWWQQWﬂG}’JLLUUUﬂG}\LNNWﬂ G‘lﬂz"d‘ﬂ 7.14

Normal Probability Plot
(response is AE)

Percent
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I a
1.2) n1n52daUANNTUDHTE (Independent)
ﬁmimﬁ]’mgﬂLL‘U‘Uﬂ'}'ﬁﬂizmEJé'f’maqmﬁmwamﬁé’uﬁuéﬁuﬁﬁwmmimamﬁwm
) Py d ) Y = | vy ~ < a W P
‘ENR]SG]@QLUHﬂWiﬂi%ﬁ]’]EJG]’JLLUUVLigULL‘U‘U ﬁ]wzmmaiwuaﬁﬂam’;’lmﬂuaaizmau NFUN
7.15 1JuN15NA9nAIAINAAIALAR D UVDIFILUSTADUAUDY LTNYUAUSIAUNITNAGDY T4

anunsoagUliindeyaiinnuiludaszsiediu
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Versus Order
(response is AE)

Q10

Q05

Qoo

Residual

-005

-010

12 3 4 5 6 7 8 9 1 11 12 13 1 15 16
Observation Order

Q‘I QU v 6 ! a o QII
E‘IJ‘VI 7. 15 nINLEAIAUFUNUTUDIAIANUNANAIALAZAINUVINITNAADY

1.3) N15A529EUANNLEDNYTVB9IAMULUSUTIU (Variance Stability)
HTUIINAIAIIUARIALARDULAL ANAIANNIEVBIFIUTNBUAUDY N1TNTLINYG
sosdunuuliyuuuy Gsaunseazulainmiuwlsusnuvestoyaiinnuaios a1nguil 7.16

ﬁlzLﬁudﬁﬁé’ﬂwmzmimzmaﬁaLLU‘UH;‘ULL‘UU wanatayanlannnisveaesiuiiadiosnim
YIANULUTUIIU

Versus Fits
(response is AE)
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.
0| e .
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Fitted Value
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2) N5AATITNANITNAADS

A15197 7. 24 M5 ATIzANULUSUSIveatadenilnanaswUsnauauad

Factorial Regression: AE versus Pressure, Diameter, Motor
knalysis of Varlance
Source DF Rdj 355 Adj MS F-WValue P-Value
Model 7 0.405232 0.057890 14.27 0.001
Linear 3 0.383974 0.127991 31.55 0.000
Pressure 1 0.214389 0.214369 52.84 0.000
Diameter 1 0.066564 0.0868564 16.41 0.004
Motor 1 0.103041 0.103041 25.40 0.001
2-Way Interactions 3 0.011457 0.003219 0.94 0.485
Pressure*Diameter 1 0.004830 0.004830 1.1%9 0.307
Pressure*Motor 1 0.004556 0.004558 1.12 0.320
Diameter*Motor 1 0.002070 0.002070 0.51 0.495
3-Way Interactions 1 0.009801 0.009801 2.42 0.159
Pressure*Diameter*Motor 1 0.009301 0.009801 2.42 0.159
Error & 0.0324%8 0.004057
Total 15 0.437688
Model Summary
5 E-3g R-s3g{ad]j) R-sgipred)
0.0636948 92.5B8% 86.10% T0.34%
Coded Coefficients
Term Effect Coef 3SE Coef T-Value P-Value VIF
Constant 0.7949 0.0159 49,92 0.000
Pressure -0.2315 -0.1157 0.0159 -7.27 0.000 1.00
Diameter -0.1290 -0.0645 0.0159 -4.0% 0.004 1.00
Motor -0.1605 -0.0802 0.0159 -5.04 0.001 1.00
Pressure*Diameter -0.0347 -0.0174 0.0158 -1.0% 0.307 1.00
Pressure*Motor 0.0337 0.0169 0.0159 1.08 0.320 1.00
Diameter*Motor 0.0227 0.0114 0.0159 0.71 0.485 1.00
Pressure*Diameter*Motor -0.0495 -0.0248 0.0158 -1.55 0.13% 1.00
Regression Equation in Uncoded Units
AE = 15.63 - 7.32 Pressure - 0.197 Diameter - 0.0522 Motor + 0.1019 Pressure*Diameter
+ 0.02685 Pressure*Motor 4+ 0.000738 Diameter*Motor - 0.00039& Pressure*Diameter*Motor

INNITOBNUUUNITNRABIMULLNANIDITEA NITN1INAGRY 2 91 anansaagunaladnne

v

3 Jady o wsatunngluiide vuaduriugudnaisesidawaztesinsssninahde Ju

Jadendn (Main Effect) Nd8nTnasoAIAULANA19ve9E g U VAT (AE) Nidina

a0

nsEnURaNIsindaunnsasdiwmiloulunszuiunisdautnuaamsy 1eda1nng 3 Jadedian

P-value $a8n31 0.05

A o [

PNATAATIZANAN1TNAADIENTaNANINAaYeITdEnaN LAz Sunsh s NddudAey
panu1lugULuUYed Normal Plot kaghHun nnLsla aewandlusun 7.17 uagsun 7.18
AINAIRU TIUDILAAINANITODNLUUNITNABDIVBINaNANYI U NANasaAILUTHDUAUDY

a

AIUN 7.19 uazravesdunsisevesladeiinadeiuusnovauss saanslugun 7.20
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Normal Plot of the Standardized Effects
(response is AE, Alpha = 0.05)

99
Effect Type
@ Not Significant
95 @ Significant
90 . Factor Name
A Pressure
e B Diameter
_E 704 - C Motor
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Standardized Effect

U 7. 17 n31% Normal Probability Plot uanstadendnuaydunsisenidéiy

Pareto Chart of the Standardized Effects
(response is AE, Alpha = 0.05)

Factor Name

A Pressure
B Diametar
C Motor
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Standardized Effect
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E‘U‘Vl 7. 18 ununmwslauanstadonanuaydunsnsenitedn 3y
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Main Effects Plot for AE
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Interaction Plot for AE
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WeNansaundunsisenseninelade 2 Yadenng wazdunsisenseninaladens 3

Uady wuilidwmadunsisensienu (Interaction) AaAiAuwANA1Iva@ s UAUAIINTgIY

(AE) agaiidudAey 1We9niiAn P-value 11nn791 0.05

1NNTANTUFUN 7.19 uay 7.20 wud1 AAIIULANANNYRIELTEUAUAIRTE Y

(AE) fuwnlduanauioUuaausaiu iy 2.0 Kg/am” uagaunaduniugudnaiavesinga

WU 70 mm wazAuisiuatmas 300 m/min’ $ap1597 7.25



ANSN 7. 25 Uadenayseaunmunsaudnsuindnes

aerufi Uady seaumanza nine
1 WIIPU 2.0 Kg/cm?
2 YUINYBIAIANA 70 mm
3 AN eLnes 300 m/min’

7.6.4 N1SNAFIUTUIUNE
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Tavinnsneasviuduna laglauirdadonazszautadedlulalunisudnasednuliu 30

f1981981 1T URNURaLASU hay 30 A298198 U5 URNTN B9 wazuluSeurRgunuan

AINUANINTOVDINTEUIUM IR DU NEIN15UTUUTY iedunistudunanisnnass lneiina

ASNAADUEUIUNS Al

® fuadAsU

91NN153LATIZNAT Cp, VBIAIAIIUWANAIYBIAL B UAVANINIFIUVDINOUNT

UFuussiasnainisuiulse lnevihmmegeuanuunfvesdeyanau aagun 7.21 uag 7.22
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0.0

Probability Plot of AE Moscrepe_1
Normal - 95% ClI

0.2 0.4 0.6 0.8
AE Moscrepe 1

1.0 12

lunsyuiunisdounoun1susuly

Mean  0.7520

StDev  0.1940
N 30
AD 0373

P-Value 039
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Probability Plot of AE_Moscrepe
Normal - 95% ClI

Mean 06611
Sthev 007828
95 { N 30
D 065
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JUT 7. 22 msveaeuanuuunfvesdeyaresrianuuanavesdveaiiuediasy

lunszuiunisdenanniveaestiudunandnisuiuss

NFUN 7.21 uag 7.22 nMsneadeuaNiigiuvesnuunfivestoya nuinveyaia
P-value 11nn71 0.05 wansideyailmduiiudsguund
VAIINUUTIINITIATIZVVOLAAINAINITAVDINTEUIUNTHARAVBIAIAIULANGS

vosdWieuivannsgulanagun 7.23 uag 7.24

Process Capability Report for AE_Moscrepe_1

Process Data — Overall

LsL 0 — —— Within

T t

UaSrI?E 1 Overall Capability

Sample Mean  0.752033 Pp 0.86

Sample N 30 PPL 129

StDev(Overall) 0.193953 PPU 043

StDev(Within)  0.195632 Ppk 043
Cpm

Potential (Within) Capability

Cp 085
CPL 128
CPU 042
Cpk 042

0.0 0.2 04 0.6 0.8 1.0 12

Performance
Observed Expected Overall Expected Within
PPM < LSL 0.00 52.79 60.49
PPM > USL  66666.67 100538.60 102485.31
PPM Total 66666.67 100591.39 102545.80

SUTI 7. 23 A1AINATNNTVRINTEUIUNITVBIAIAUUANANVBIATIE UNUENIATT UV

weaasUlunszuiunisdeurineunisuiuls



Process Capability Report for AE_Moscrepe

Process Data

LsL

Target

usL

Sample Mean
Sample N
StDev(Overall)
StDev(Within)

PPM < LSL
PPM > USL
PPM Total

o]

*

1
0.661133
30
0.078277
0.0789546

LSL

Owverall
— — — Within

Overall Capability
Pp
PPL 282
PPU  1.44
Ppk  1.44
Cpm *
Potential (Within) Capability

-0.00 0.16

Performance
Observed Expected Overall Expected Within

0.00
0.00
0.00

0.00
7.49
7.49

CPL
CPU
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|
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|

|

|
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|
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|

|

|

|

|

0.48 0.64 0.80 0.96

0.00
8.86
8.86

2.11
2.79
1.43
1.43
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JUT 7. 24 MANUENTOYDINTLUIUNTVBIAANUUANAYBIFEURUANRTFIUYREN
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Process Capability Report for AE_Chiffon_1

— Overall
— —— Within

Process Data

LSL *
Target * o
usL 1 Overall Capability
Sample Mean  0.760133 Pp *
Sample N 30 PPL *
StDev(Overall) 0.192822 PPU 041
StDewv(Within)  0.194491 Ppk  0.41
Cpm *
Potential (Within) Capability
Cp *
CPL *
CPU 041
Cpk 041

04 0.6 0.8 1.0 1.2
Performance
Observed Expected Owverall Expected Within
PPM < LSL * * *
PPM > USL 13333333 106753.51 108731.19
PPM Total  133333.33 106753.51 108731.19
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Process Capability Report for AE_Chiffon

LSL UsL
Process Data | | —— Overall
LSL 0 | | — — — Within
Target * -
usL 1 I | Overall Capability
Sample Mean  0.5789 | | Pp 1.42
Sample N 30 | | PPL 164
StDev(Overall) 0.117369 PPU  1.20
StDev(Within) 0.118385 I I Pok  1.20
| | Cpm *
| | Potential (Within) Capability
| | cp 14
| | CPL  1.63
cPU 119
| | Cpk  1.19
I I
I I
I I
I I
I I

000 015 030 045 060 075 0.90

Performance
Observed Expected Overall Expected Within
PPM < LSL 0.00 041 0.50
PPM > USL 0.00 166.71 187.52
PPM Total 0.00 167.12 188.03
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