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SASIWAN SURIYA : THE DESIGN OF EXPERIMENT FOR IMPROVING THE
INSULATION PIPE PRODUCTION PROCESS. ADVISOR : ASSOCIATE PROFESSOR
PICHIT SUKCHAREONPONG, 79 PP.

This Independent study aims to improve the Insulation piping production
process. This brand-new model had been launched for 2 months. The result of average
Yield performance showed 84% less than target at 90%. The Design of Experiment
(DOE) technique was adopted to improve the process. Firstly, Problem identification
steps, byusing of Pareto’s principle to prioritize problems. The highest amount of
defects was shown as Outer and Inner seam break. So the scope of problem was
defined for improvement of pipe seam strength. Then select the response (Y) and
Factors (X) by using Fish bone diagram brought the root causes of problem. Then
analyzed the root causes by FMEA and ranking RPN score according to severity of
causes. The die type and speed line not proper are the highest score RPN, thus choose
these 2 causes as factors for experimental design. Next, Use the DOE tool, General full
factorial type, and then trial for the best condition. Finally the team gets the condition of
“Die cooling type with 15 m/min line speed” as the best then implements this condition
to be standardized. After that confirm the result after implement new condition, the X
bar R chart is created to monitor the seam strength. The result showed that seam
strength values are controlled within control limit. And the result of process capability
evaluation showed good control of process. The result from this study showed the
better of process design which causes of 97% reduction on seam break defect and cost

reduction 480,000 THB/year
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Usznunuaiin sazvihldifadamenuudinssweiios e duLazauauRI 90T

na
o L = o A a & 3 1 ' '
(@) ﬂrymsaﬂm (Black Stain) A8 328AIUAINLNATBUBANLAWIANT 6 VN

HasnTuinwlniunemue maiasasazildifelymisuanusisnavesme

(A) SedaTwnwliduuan  (3) Madwiunulidule () MadiTunuazdugy
3N 21 Modadwnuildymeamnin

fIRILNIZLIRMINAADWIBULLIaanT% 4 IUAa% NA1IAE
1) maaalna (Sliting) fa Myt IWudulnguaaidunis awsuiaved ID

= v o

A v v { Qs g: v o a
NANAINIAR UG ‘Iix‘l“ll%’]@ﬁ%’]ﬂ’J’NIW&Jﬁ@]@’I%%Vl@ZJ’H]']ﬂﬂ”Iiﬂ’]u’Jﬂﬂ@]ﬂ']ﬂ')ﬂiﬂiz‘ﬂ’]%ﬂ'ﬁ

U

\ugeanuuy
& e 2 do o« v & =
2) N33l (Piping) da My lWun arduwinananglidunsinszuannaiy
[ Y £ il .
Iﬂﬂm{l,%ﬂ’rmsawum:mugﬂmu Die
g . A ° AL < ' o o
3) MIAAANLLLY (Cutting) fiD n'ﬁuﬂw;\mmugﬂlﬂumLmemmummma
LAUUUNANAGBINT
4) MINTIINBUUAZLITY (QC and Packing) @@ msmnaauqmmwmuﬁQﬂ 2

frua LLﬁamsqldqammﬁmuﬁﬁmum Aaaan %L%WHNﬁaﬁmumaagﬂﬁﬁ
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Az =
emgﬁ FIFIFT ATINHDLURSLTY

i s Slittiagg
* {Fiping) ’ {Catting) ’ (QC & Packng)

gﬂﬁ 22 NITUIBNIINRARUIUTIHATID

wananilasamsgslaiimvaasfnnuiiasinnudiinlasins lasaundn
ardandugiinerdasiunszuiuninfanfadmsianiuinrie uazanudiuiglu

a o Yo ' A ' o & o o P
NICUIBNIINKA “ITGVL@ﬁUﬂ’J'mTJN&lﬂﬁ]'mLLN‘Haﬂ(ﬂ'N‘] BILFAILTI VLI @’I\‘IEII‘Y] 23

Piping Manager

Project Leader

Protess Engineer
Asst. Project Leader

Piping Supervisor Piping Leader Production Engineer QA Asst. Manager Cosling St, Supervisos
Meribes et Membes Mombror Membar

U7 23 WHBHRI LATIRT IR IR iU 29 laTINIT

2. IUAUNIINRUATur (Problem Identification)

P c%'w a v a o &a v o =4 Y ¥ K all v
iasnnlamaBguimsldrynianminazdasiinsfine liuds 39816
UEAITaNATAIHAAA N IUEU 9 GauUTaim I TuTUasum I nualynidiadifasas

YDINAKAG (Yield) VAININEAG LL@iLaauﬁqm BU-NINGHIAN 2558
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Yield

é:]:-,; B i

5% 4 " == elg

gﬂﬁ 24 LqunuﬁLLa@ﬁauawaawaNﬁmu’sumﬁ@ﬂaiuma 4.2.-n.9. 58

ﬁnﬂgﬂﬁ 24 WUINANTRURZVDINANES (Yield) dau’lmyj@'ﬁnd%i’]mmuﬁﬁmu@
TunsHAaTInae 67 ASINLIN MINEASIWIN 59 A3 wieAnusonay 88 dnandnd
niirneftinee wananissinsnaauisnssinandadiuinanialng 39ldvin
mmmaaauné’uvlﬂﬁLqunéTunumwamvlﬁf*ﬁa;‘Jja 99l N INAATIEW 67 A9 WU
MsHAaNIE" 12 59 aadudewa 18 lﬁwaﬂmmmmﬂa@]mﬂﬁ‘mqauﬁmm’hﬂﬂa
%‘%aﬁunulumumad Direct Material (DM) E:JN%‘H, mnﬁ?uﬁmmﬁﬂﬁﬁﬂmsmmmﬁaga
284l FUNNNINER lasuonanusiavadlie LLﬁaa%NLmuQﬁwwLﬂ@l (Pareto Chart) L@

ARAUANNEA VDI Y
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Pareto Chart of Piping Defect

/”
20%
3000 —
0%
-
2500 ED%%
50%
1500 40%
0%
1000
20%
500 . 10%
o . - %

St seam break Inner Laam I aversite 1 undes rikze Lo arm dent Black wain
Braak

Quanity (pes)
]
=]
2
G

mmQ'ty (fcs) =% NG Acumulate

L e a7 —

3UN 25 ununwwslauaasdtwInvenFuvasriaanin uwnaudnsmsvasdynn

lut9 1faw 8.0.-n.a. 58

mngﬂﬁ 25 e sanamananmanile wuidymezidudisuuen (Outer
Seam Break) wazaziiuySenulu (Inner Seam Break) tHutlymfiazdoslasumsurly
agnaLsadIn 39 lemarrensuasnufswuaziimsirnalsziduwdanivoslasins
ek ﬁ]:ﬁwmmﬁﬁtymLﬁ'mﬁ‘umwuﬁauiwamﬁu%aLﬂuﬁtqummwﬁéwﬁry@iami
ﬂs:nau%ummaagnﬁﬂﬁwmvlﬂ Lﬁaamﬂfqummwmﬂluﬂizumﬂﬂiwamaa LAZA
@mm’é‘m@iamnﬁ@“ﬁm?aaL‘%ﬂuﬁnngnﬁ’lﬁnﬁaU

2
7

3. VUABUNIANAUAAILUITABUIUDI (Y) Wazilads (X) WazmRuaszauvad

a9y

deldrwualssdudywisousasud AAnmlarhnmunmunszuInms
ﬁ?ﬂﬂqﬁL%U%LLNuﬂWW SIPOC Lﬁ'alﬁﬁm’m‘ff@L%%Lﬁmﬁumwi’mmadﬂizmumi %Gﬁ
IuazBn Gt

- Suppliervl,ﬁl,l,ri LN Laminate, LLNuﬂﬂﬁo"i’@lqau (Store), AFININTZLIBNNT
(Process Engineer), WN#NAIUANALAIN (Quality Assurance)

- Input @A TRt uansud (Laminated Foam), msqﬁ‘msﬁ@mq (Packaging),
WHNIUUEWATIE (Piping Operator), 1aN&15IUANIYINK (WI), Tarnualunszuinnis

(Condition), TN AUAVDINRAN U (Product Specification)
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- Process laun
1) m3aalny (Slitting)
2) M3iugy (Piping)
3) NMIAAANLUY (Cutting)
4) MIATIIFAUUALLITY (QC and Packing)
- Output oA awnzfiavie (Insulation Pipe)
- Customer laun andgltinuaugarine (End User)

v

1NNN33LAIEH SIPOC ?T’mﬁummmﬁﬂmtﬁﬂuLﬂuLqunﬂm@ AT

{ Supplier bf Input *‘II' Process \*'f Output 1\»{ Customer
-Laminate -Laminated Piping -Insulation -End User
-Store Foam process Pipe
-Process -Peckaging
Enginzer -Operator
Qual ty -4l
Assurance -Condition

-Praduct
Spedfication
“-a-‘_ﬁ_\-ﬁ.
faluy Hugul AFATUULIL ATIVRALIULRLITTY

(QC & Packing)

(Slittirg) ’ (Fiping) » (Sutling) *

gﬂﬁ 26 Lmugﬁ SIPOC 2a4N32UIBNIIHNANRWIUTUATID

ﬁnﬂ;sﬂﬁ 26 UAASLHBAA SIPOC FaazdsvanisnnnnluauiumIniaaniu
sfiavia Fefiasurdmande TWufiduaeoudaannunun Laminate danswnszUIwms
w3l namodutfipibeaniisdn fa awiuriarie éﬁda:gﬂﬁ'@mlﬁuﬁgnﬁwﬂﬁmu
Tooass o lefnnmsinweanszuiumsagnsgaaunds 3t

dodmmsdnszuiumassasousaouda SldRnsaniiatmuatadaauauas
(Y) mnﬂsmﬁuﬂ@mL'%"adﬂ’nmlﬁoLLiwaamLﬁuﬁaﬁ?u Tagtumanansananuudausg

PasazdurialunTzuInnsy 2 33 nalfe
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1) 9% Bonding Test LI®myIad1anuudlsseiaziual81a389a Tensile
Strength 1M 3TN NUTIUTIVBITRLGD 1AM IAATUINWIA lanHNNTN9 2.5 lrudiiuas
NnnultaaaasHIriamua Tt NN ULIa Y ka2 lUl8e3ed tNavinnsfenaseu

1 ~ I e d‘
AN LLUILLIIVBIASLYD (ﬂ\‘]E'.L]‘YI 26

U 27 AmanaseuauLdILIvedaziIUYiesa8AT Bonding Test

ad I3 ~ ~ v = U
2) 9% Squeeze Test W UNIIaT9AN UL IVDIALT LA M TL U I@]Ell}d‘ﬂ(ﬂﬁaﬂ

1M TUUIIMIDNG LEIATIVFOUAIIRIIATINNTOLLAN WD bal

U7 28 ATMInasauauLTINTIVeIaziduTiacudb Squeeze Test

LRI TNARAUAMNLTILTIVINLLTUYIO N TEUIRANTRAIN NI NI S e
A

a add o v & A & N 'Y & @
LRBNLANITN 1 Nqﬂ’]v\%@ﬂ%l,ﬂ%@nLLﬂi@la‘Uaua\‘i L‘Hua{ﬁ]']ﬂLﬂ%ﬂq'ﬂ')@vlﬂuﬂﬁl’ﬂ%mﬂ%lﬂﬂ

=3 A A =l ¥ o gﬁ =1 =1 o U o A
1_|anmamwm:mumsa'mmavl,mvlﬂ @Nu%ﬂﬂd’lu%dﬂﬁﬂu@lﬂ@nLLﬂi@lﬂUﬁ%ad (Y) g

AANULTILTIVRIAZLDY (Tensile Strength)
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d' ° @ =3 o o v AI o o
WatinuaallInaus 2 M Intade (X) eremIaNIa

a o o @ a A A ' v da
MIUATIEHANINIUIEHANAN8T NUITW LANBNISHIIR Lmﬂﬂmmuwa

\ « & Qo PN
GAAINLYILLIIVDINSLYUNBNG ﬂqlﬂ%ﬂdzﬂﬂ 29



Thickness of both sides
different
Thickness of material

Tension of in-feed
not good
\ Tension setting not proper

Pull forced from

cutting machine
Tension of conveyer front-rear

ot balance Emboss line 7—>
Big width size )
Joint on the emboss

Thickness foam is wavy
Rough trimmed edge

Gap of conveyor not fit to pipe

Speed line not proper Material after slitting

Slit surface not flat

Too much heat before forming
Heater position not good Nozzle size not proper
NozZle Air blow setting not proper
Heater temperature not proper
Nozzle not proper

Heater malfunction

Conveyor condition not proper

Slit width size not proper

Conveyor level of Front-Rear not proper Small width size

Less in charge of set up job

Beginner staff

Poor Set up skill

Less experience Nozzle position setting not closed to seam

OJT not effective .
Die type not proper

Training not potential .
& P Die not proper
No refresh training

Not follow WI

Poor setting of Die position

Contamination in Die

gﬂ'ﬁ 29 NANTILATIZRRIMIUAN
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HANIENUN | ANMATHUTIVIINANIENUNG | ANATHUTIVAINANIENUNAGD
U 1 1 ¥ a o 6 ﬂgu’%%
YauUnNWIag Ao TN Aanmw nszuannIIMeln
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185un3isn
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aulaid ANUSHUTDUVDINAAN AN 1A | WAAAMIILN9EIM (F1n37 100%) 2
NANIINU N 019LEIAIS gndndw 213d09 lesunTIITnluans
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(Uszananang Minitab). #sin 120.

3190 6 mmﬁmiﬂszLﬁuwaéﬁ'ﬂamamﬂﬁ@ﬁaunwiaa

anailnlyle AAIIAINNSLNAVDILAY ATLLIb
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@37390 levkas ATV 8
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- Current Process
tem / Requirement Patential Paotenial = Potertial = Contiols Controls 5 |=
4 Failue Effect{z) of § cause (z) g Prevention Detedion g &
Fundion Modz Failue of Failue a o
11 .Flpinc ~Corract sit irong setthg ID slze out spac g [-Wrong setting cuiter Z |Check with MObefore Visual check by leader. 5 | @0
width cutter rangz [Hurren error) setting before start production
-Smooch trim -Rough rinedge |Contamination on s2am| ¢ | -Culter not sharp 5 |5Set naintenance period in Yieual check by leader. 5 | 210
edge -Slit surfacz Saam break FM panfor cutler
not flat Cluality defec
-Seam -Seam break Out of standad of g | -Dietype not preper 9 |Concition not proper Wisual checlk [AGL) B |432
completely joint cuztorner requirement
Cluality defec -%peed line not proper 9 |Concition not proper Wisual checlk [AGL) B |432
-Nozla not gooc posttion 9 |Cencition not propar Vieual chack (ATIL] c 422
-PFoor szt up skl 4 |Trainng by OJT Wisual check [AGL) B |132
- 8it width not proper & |Concition not proper Visual check [AGL) E 334
-Tension not prooer 3 |Trainng by OJT Wisual check [AGL) E | 144
-Hester ternp. nct proper 2 |Concition not proper Wisual check [AGL) E | %
-Length of pipe | -Length of pipe Out of standa d of g |-Wrorg setting c tter senso 2 |Add packing std. at Check length with standard 4 | B4
in spac out spac [Shorttar f|custornar raquirarnant {Hurmsn arror) zhopilo or bafora start production
lnger) Guality defeci
-Flat cat -Mot flat o1t Aprearance defect 2 | -Fastrmoving of cutter & [Trainng by OJT Visual check (AR L) E |18




@390 8 MR M IatasuasHanIznulunIzuIRIINAAYE (da)

7 Current Process
ltern / ReqLiremert Potential Potertial £ Poteritial £ Contols Contmls c |z
[ o o]
i Failure Effectiz) of g cause 5) 5 Prevetion Detedion E &
[X] el
/ Function Mode Failure of FailLre O o
12 .Packing ~Correztlabel  |iirong lot can't track history 2 |-Typewrong lot wnber "4 - checklbelwith kO by 8 |32
Jurnb er [Hurnan error] G4 anc production (100 %)
-Wirorg detsil in 2 - checklbelwith kO by g |32
ER.P =ystem G anc production (100 %)
<correct size of |wrong size of Dut of standard of 4 |_Picking wrong 2 |Use sign to dentify spec st |[check paper core with M O by 8 |E4
paper core aper core custarner requirement papercore each paper cole G4 anc production (100 %)
[Hurnan error)
Mot correct BOW /MO 1 - M O checked by Poduction g |32
planning [100 %)
packrgas it ong packing Cut of standard of 2 |-Packwrong method 1 |Add packing std. at check packing by G4 3 |13
sandsd custamer requirerent [Hurnan error] shopfloor [AGL)
13.%orage -Finish goods Package Cant sent to g [-Seraxhed by 1 |ldentify the forHift-w ay Wisual check during handling 8 |48
not damage darmage [tear) custamer fordifthand in warehouse by WIPH [100%)
-Damage from stacking 1 |Setmaximum secling level  [Visual check by WM [100 %) g8 |48
notovar & kvals)




59

Pareto of FMEA
100%
90k

S0

— mmdoyal

1%  =*=yadoyal

' f" (fé :5.»“”&
&

& o p““oo cs\‘& ,d’ £ & & &
N *’} .@* oy A

A

AL AT

317 30 LmunuﬁwmﬂmmnmﬁLﬂswzﬁ FMEA

Hatdatauszauanuiies (RPN) andaszdaananmsnwiislalaaslaes
gﬂﬁ 30 mnifuﬁaﬁwmmqﬁ"l,ﬁﬂ:LLuungmﬁnma‘ﬂ%’uﬂgaLLﬁ"'L“ll‘l,u“ﬁgmlamia"l,ﬂ 1M
Lqugﬁwns‘[@wuiwﬂﬁyﬁﬁwaﬂs:mgaﬁqﬂ 3 auauwIn laun

1. wavad Die lirunzay

2. Speed Line laitnanzay

3. funsvasnithausan ldinanzan

ﬁﬂﬂﬂ%’uﬁdowaﬂszmgaﬁq@ 2 JuAUWINAL THavad Die |ALANIZAN WAZ
Speed line "l&immmu"l,ﬂaaﬂLmumsmmaalu%u@auﬂ%’uﬂqo@iavlﬂ fmsuilasuiEes
funikinaaRahan fauiu dnsUsudyeldludnlasaniawils dlasnwuilymitlu

A 2 ay e a = & g
TuL@aguau 90 AUEAITLRLBUA M IAN B ATITE

4. TBAOBNITABNUULUMINGaD Uaziinsnaaad

Tuaeuiaz3uINMIaNLULNINAReY (DOE) 49ldiiTmsssnuuuns
na8a9Tia General Full Factorial 1114 tfiasanidudsndssans nmannnifasmmeseu
Nazinahacilads (One Factor at a Time) waNaNil MIsaNUUUMINAREIRIESE General
Full Factorial §3mansnfinnuaszauifasoduiiszauilasndas swiudunewnsoanuuy

MAINABBIBWIININNMITNAUATITBAI ) A9
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fruald Y = drenuudanssvedazidy (Tensile Strength) Fwiasiiu Kgf
(Kilogram Force)
X,= Thaued Die Darinwualidl 3 s=6u 'ldun Die Short Neck, Die
Long Neck, Cooling Die (g}gﬂmwﬁ 31 1yznay)
X,= NS IEEnIn (Speed Line) Gsimualidl 2 szau laud

8 uaz 15 nedn Luas dawf (m/min)

a) Die : Short Neck b) Die : Long Neck c) Die : Cooling

31N 31 Mw4 Die Tlas9g

PMNUBIM I IInA08197ElunTNaaas (Power and Sample Size) lag
Tl sunsa MINITAB laa @it

Power and Sample Size

General Full Factorial Design
¢ = 0.05 Assumed szandard dewviation = L
Factors: 2 TIumber of lewels: 3, 2

Include terms in the model up through ozder: 2
Wot including hlncks in model .

Maood uam Total
Difference Reps Funs FOWer
2 2 1z 0.485785
2 3 18 0.78271%
2 4 24 0.917621
2 5 30 0,.971305

U7 32 namamdwrudatsnlslumneses (Power and Sample Size)
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NNBUII AN TN AUAIIWIBATI (Replicate) 2INITNARDS NIZALAINN

BONWNIIRDA B30 Power of Test = 95% bAaNWIRNITNARDINGDINNFIENTU LGRS

T2@U 5 ATILAITISUIATaNRUUMIINARIanasd Lasldldsunsy MINITAB léuna

o Fg/
NI

= v o
§193719N 9 E‘]_]LL']JUﬂ’]TY]@]aE]\‘lYle@ﬁ]'lﬂﬂ']‘iaE]ﬂLLiJU

gﬂu,uumsﬂmaaaﬁ' Die Type Speed Line(m/min)
1 Short Neck 8
2 Short Neck 15
3 Long Neck 8
4 Long Neck 15
5 Cooling 8
6 Cooling 15

LG ARNIINGRAIAIUNITABNLULUNNINAaaIe28 1IN MINITAB L&) 39

0 = & (Y a (Y d . s {
WNTUINBUINATOL AN UTINIIVDINLLTUA m%wmaummﬂ%aa Bonding Test ‘ﬁdﬂ"lﬁ

[ ] . ' A [ {
1¢15un716n Tensile Strength nsinenilu Kgf Tanaminaaadiuasanssi 10

39N 10 HANIINARBILNEKIAN Tensile Strength

Speed Tensile
StdOrder | RunOrder | PtType Blocks Die Type
Line Strength
18 1 1 1 Cooling 15 3.145
19 2 1 1 Short Neck 8 2.18
15 3 1 1 Long Neck 8 2.98
28 4 1 1 Long Neck 15 2.62
25 5 1 1 Short Neck 8 2.15
6 6 1 1 Cooling 15 3.225
11 7 1 1 Cooling 8 3.385
21 8 1 1 Long Neck 8 2.7
8 9 1 1 Short Neck 15 1.88
26 10 1 1 Short Neck 15 1.83
2 11 1 1 Short Neck 15 1.87




a7 10 NaMINARBILNENIAT Tensile Strength (dia)
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Speed Tensile
StdOrder | RunOrder PtType Blocks Die Type
Line Strength

13 12 1 1 Short Neck 8 2.205
10 13 1 1 Long Neck 15 2.6

17 14 1 1 Cooling 8 3.325
22 15 1 1 Long Neck 15 2.65
5 16 1 1 Cooling 8 3.415
30 17 1 1 Cooling 15 3.32
4 18 1 1 Long Neck 15 2.56
3 19 1 1 Long Neck 8 3.02
29 20 1 1 Cooling 8 34

7 21 1 1 Short Neck 8 2.29
9 22 1 1 Long Neck 8 3.005
23 23 1 1 Cooling 8 3.38
16 24 1 1 Long Neck 15 2.59
27 25 1 1 Long Neck 8 3.15
12 26 1 1 Cooling 15 3.035
20 27 1 1 Short Neck 15 1.79
24 28 1 1 Cooling 15 3.33
1 29 1 1 Short Neck 8 2.2

14 30 1 1 Short Neck 15 1.84

5. UhAaN? Lﬂi’]zﬁ“fl/ﬂllﬂLLE]Z&?‘L]NGT]']?YI@]QQG

Wa laHaNINAaadLal J9HNANITNARINNIILATIZARIANNTNNUTVDIA

LUINANAAaALLUTAaUAKEY LB WKITAINFIBNTNAGAIAIN VLT ILITIVRINLI VYD

Tagllisunsy MINITAB B8l 53t0 3129 G99
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Residual Plotsfor Tensile strength

Normal Probability Plot VersusFits
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Versus Fit wudﬁaﬂaﬁmmﬁmmimﬂlunﬁg;miamwm@mﬁ'u LA2TIATIVFBLNITHAN
LLﬁ]dLLuuﬂﬂamaaﬁaga 37nnTIW Normal Probability Plot Waz Histogram wudﬂﬁlamaﬁ'
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General Factorial Regression: Tensile strength versus Die type, Speed
line

Method

Box-Cox traisformstion

Rounded A -1

Eztinated A -1.07626

955 CI for 3 -2.33876, 0.394245)

Factor Informatior
Yalues

Short neck, Long neck, Cloling
g 1l

Factor Level
Die type
Speed line

By a0

Analvysis of Variarce for Transformed Pespons:

Source DF Ady 58 Ad3M5  F-Value 2?-Value
Model 5 0,226177 0,045235 341,88 0.000
Linear ] 0,21%3%G 0,072122 Oh2 7l 0.000
Tie typ= 2 0,200151 0,100176 756,35 0.000
ipeed line 1 0.012244 0.01%9244 145,44 0.000
Z2-Way Intzracticns Z 0.006782 0.003391 25.63 0.000
Tie typz*ipeed line 2 0,006782 0,003391 25.63 0.000
Error 24 0.003176 O0.000132
Total 29 D0.229353

Model Summary for Transformed Response

3 B-sq R-sqiadj) PBF-sdipred)
N.N118N2A 3IAR.ARZ QR 359% 97 _fd%

gﬂﬁ 34 NANTILAIIZHULUL General Full Factorial %é’ammﬂmﬁa;&aﬁw%% Box-Cox

Transformation

mngﬂﬁ 34 61 A NRanzaufa -1.07626 WaZTIANNULTN® 95% VadIAT A
A o A o a ' { A % o &
A8 (-2.34,0.39) T9en A lndLdes -1 f’ﬁmaammmﬂmmLﬁmmﬁ:ﬁmagama"l,ﬂ IINUK
= v o a ¢ o v  aa . . A a & o o ¢
ﬁmvlﬂmﬂ'lmmi’lmmaga@’ssmi Analyze Factorial Design LW83LAT1ZARIANTUNBD
e o o e A ) | - o 2
szivanliaouauad nuadusiiavas Die uas Speed linelau@a13mdA1 R UAZ R o
' ' ' 2 . 0 2 . ~
lugau09 Model Summary WU R™ LN 98.62% UazA1 R,y LN 98.33% 9

fzvianintnIoanuuudaduuazinuw %Gﬁ'ﬁluﬂﬂi‘ﬂ(ﬂ RN NS EY
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Interaction Plot for Tensile strength

rNtied Meas
i Die type * Speed ine Spaed
line
- =
= s —=— 5
5 1 a
3 47
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2 s
= 28 i
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|E e a”
s .
z 24 / =
~
= - A
-
20 =
P
A
Short ned Long ned Cooling

Die type

All dispigyed tenms gre in the maodel.

Eﬂﬁ 35 NANNIILATIERUIFLMIUINTNATINGADANANNUTILTIVDINLLTU

WaRnsannareddadsluaisns ANOVA (gﬂﬁ 34) 9101 P-Value 189 2-Way

Interactions t¥nfiu 0.000 Fsaeniten oL = 0.05 (ﬁaoﬂaml,%aﬂ'u 95%) Faugaamd
ANUENRUETaIBNENATIN LAl aRa1sasanns N Interaction  Plot (gﬂﬁ 35) WU
W liuEaInsaaNwo9TaL% LATuw I wENA AT %lesja’]ll’liﬂi:‘]_ql
g nfianudunniseninetlads Die Type uaz Speed Line fiTaLam %m;ﬂvl,ﬁdw 11238
Die Type Waz Speed Line 81908NTWAIINAKADANUDILIIVDIALITULNDILANTEDE

LI
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Main Efects Plot for Tensile strength
Fitted Means

Die type Speed ne

£

B & B &

-

B

M ean of Tensile strength
’

// ‘

Shortnedk  Long ned Cooling 8 -

B R

~iosplayed enms are in Memoge.

ﬂl’ a 6 s ﬁll | a a s 1 1 I3 ~
E‘]_]YI 36 Wamsazidaramdudntnanandadinnuudalssvadazidy

mngﬂﬁ 36 \ilafia1sanBnInanan Die Type Wui1 Die Cooling l#@au
LL%JLL'swameﬁugaﬁqﬂ 789894178 Die Long Neck Wag Die Short Neck aus1aLLAS
a5 aNBNTNANAN Speed Line W31 ¢ Speed Line 8 mimin Wenaaudsussvas
@z1uNNNNIN Speed Line 15 m/min

S v a ' a A o . . e
TIRDAANDINUAT P-Value U83antnawan Die Type Wae Speed Line Lvinnu

0.000 S9%@BNINEN OL = 0.05 (ﬁaamwm%aﬁ"u 95%) U&A4311J278 Die Type Waz Speed
Line @N9AEIENINANANABANNUTILTIVBIALLDULTHNY
mﬂmﬁmezﬁwamsmaamgﬂﬁdﬂ Taduifsnswansndananuudnssvas
azidU fe Die Type WaE Speed Line uaﬂmnf:"r% Die Type Laz Speed Line E9E-
Snswaunuwaniasdannuuiisivesazdy Weinuieladsndantwadanny
uiussvesnzduudy mntuialernmamdonlafmanzay dwmsumsmaumsanana
wddussvesazidulasls Regression Model Lﬁamm Speed Line ﬁmmmﬁﬂﬁmm’m
wdussvatazidurioannnidueiuidvue 3al8ldsunsy MINITAB lunisdnuam

ﬁaiﬁwaé’agﬂﬁ 37
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Regression Analysis: Tensile strength versus Speed line, Die type
Hethod

Categorical predictor coding (1, 0)
Rarkward Fliminatiom nf Term=s
o to remove = 0.1

Analysls orf Varlance

Jource DF adj 535 Ady] M5 F-Value P-Velue

Fegression 5 §.94345 1.78870 219.18 0.000
Gpeed line 1 0.32242 0.32942 40. 37 0.000
Die type 2 0.43540 0.21770 26.68 0.00o0
Speed line*Die type 2 0.06340 0.03170 3.688 0.035

Errur Zz4 0.1%556 0.00516

Total 29 9.13334

Model Sunma-y

o R-sq R-sogiadj) ER-sgqipred)

0.0903373 97.86% 97.41% 96.€5%
Coefficients
Term Coef 3ECoef T-Walue P-Value WIF
Constant 2.6199 0.09381 26.70 0.000
Speed line -0.05186 2J.0081¢ -6.35 0.000 3.00
Die type
Long neck [sipelt 0:13%5 5.58 0.000 15.73
Cooling 0.955 0.12% G.08 ESEEIE . 7
Speed line*Die type
Long neck -0.0006 0.011F -0.05 0.961 16.39
Cooling 0.0276 0.011: 2.39 0.025 16. 39

Fegression Equation

Die type
Short neck Tensile strength = 2.6199 - 0.05.86 Speed line

Long neck  Tensile strength = 3,3904 - 0.05243 Speed line

Cooling Tensile strength = 3.5753 - 0.02429 Speed line

Fits and Diagnostics for Unusual Observations

Tensile
Obs streng-h i ResiditdResicd
12 3.0330  3.2110 -0.1760 -z.1ld8 R
21 2.7000 2.9710 -0.2710 -Z.35 R
27 2.1500 2. 9710 0, 1790 Z.2dWn

Eﬂﬁ 37 HANTILATIZH Regression Model
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ﬁnngﬂ‘ﬁ 37 HANTILATIEH Regression Model 2z ldaunsd@niumiean Speed
Line Ailwaanuudnssvosasidy (Tensile Strength) gaﬂ’hmmgmﬁﬁmm el Die
whadngg et

Die Short neck 8n13 Aa Tensile Strength = 2.6199 - 0.05186 Speed Line

Die Long neck 84N13 fia Tensile Strength = 3.3904 - 0.05243 Speed Line

Die Cooling 84N13 fa Tensile Strength = 3.5753 - 0.02429 Speed Line

Opim al Dietype Speed li
D:0g7g9 " aoing 15
: T Caaling t
Predict  Low Shart nack 3
Ty W RN OF O UOC REE R
a
Tensile @
IV aximum
y— 33807
d= 097891
]

Eﬂﬁ' 38 MIATTHAIANNLD ILTIVBIAZIUTIa Optimization Plot

FmInLion mﬁﬁﬁqmmﬂmimamﬁw Optimization Plot é’agﬂﬁ 38 §N172
ﬁlﬁmwuﬁamwam:@ugoﬁq@ o m3l4 Die Cooling i Speed Line 8 m/min Tagiidn
anuudsusivesnzduiads 3.381 Kgf

LﬁaﬁﬁnimwhmmgmmmuﬁaanaamLﬁuﬁaﬁlﬁﬂummsﬁluﬁagﬁu adl
fin nNINIannY 3 Kof mﬂgﬂﬁ 38 ugasindidawlafwunzay 2 Wowlafilen
ANNLTILIIVBINZLTUFININANNATTIN AD

1) Die T#a Cooling LAz Speed Line 8 m/min

2) Die 1@ Cooling L8z Speed Line 15 m/min

a@ﬂwaﬁaauvlsnm'iw‘f?zm%m@rméwé’ummﬁslm'mu%amwamznﬂu"[ﬁé‘wnswﬁ 11
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@13199 11 NE‘L]Nﬂﬁﬂ"l’):ﬁﬂ’]iﬂﬁ@]‘ﬂ’mﬂ’]i‘ﬂ(ﬂﬂﬂ\‘iL“}ﬂG@]’]Nﬂoﬁé’Uﬁ'}LﬂaElﬂ’)’]%JLL“ﬁGLLiG“]J@G

AL
4 Speed Line AVE
dn1ign Die Type
(m/min) Tensile Strength (Kgf)

1 Cooling 8 3.381
2 Cooling 15 3.211
3 Long Neck 8 2.971
4 Long Neck 15 2.604
5 Short Neck 8 2.205
6 Short Neck 15 1.842

N7 11 ﬁauﬁ’hL‘f‘iau"lmmwamﬁiﬁml,a?immmLL%@Lstam:Lﬁuﬁﬁq@
fa Die Cooling fi Speed Line 8 m/min winideulufiazdonasie Cycle Time UaINMINAE
vilWnaananda (Productivity) aaas 50% daidunansenufifiveddn nefinaudsle
[@aniionlufidsasasnnfie Die Cooling 71 Speed Line 15 m/min @slwenanuudsussvos

{ = P o ' i
AzlIUIaAY 3.211 Kof Tagenindneiuauiinue (3.00 Kgf) uae llgsnanIznudasaa

Wanaa (Output) Aneae 39lmiNewlafanldiduanesgiudely

6. UUADWNIINIIIRDUIUIUNR

Lﬁa"L@Tama:mwamﬁﬁﬁu%é’omiﬂ%'uﬂi;mﬁaﬁ?u Fusnlermsusaaon
ama:mswﬁm?«uﬁﬂujuﬁhﬂlﬁam'g: Die Cooling 7 Speed Line 15 m/min S9n196s
Process Engineer lddwiananizlnsifiasluenansiiisadasninue na1nda ECN
(Engineering Change Note) a2 Condition Card uanmnftﬂ'ﬂﬁﬁwmsﬂs:"qmﬁaﬁﬂmm
dhlaruwsinawluununnsnue telinuiaiu nerhedsziuguniniasildinnms
usadmeian Lﬁaﬁ'@ﬁnmugﬁmuqu X-bar R Chart tiatih@naunanaasuldaniae
mwﬁmlmj‘iﬁaUﬂﬁiﬁg’(uﬁaamma 5 TWAA $1UI% 30 FOANTIITHAR NANTATIAFDL

[
a

a . 6 o
NRANTUNN QI
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fam ANAMANTINTIVBINATUTID (Kgf)
NINAR 1 2 3 4 5
1 3.161 3.166 3.164 3.167 3.165
2 3.173 3.177 3.163 3.165 3.169
3 3.169 3.160 3.179 3.168 3.169
4 3.176 3.176 3.164 3.163 3.172
5 3.164 3.176 3.168 3.169 3.175
6 3.172 3.184 3.166 3.179 3.177
7 3.173 3.188 3.176 3.179 3.171
8 3.179 3.168 3.171 3.174 3.172
9 3.168 3.160 3.164 3.179 3.181
10 3.176 3.165 3.173 3.171 3.168
11 3.165 3.168 3.166 3.163 3.160
12 3.168 3.167 3.176 3.174 3.180
13 3.175 3.187 3.180 3.169 3.176
14 3.168 3.160 3.164 3.167 3.161
15 3.176 3.163 3.166 3.170 3.173
16 3.162 3.167 3.169 3.164 3.158
17 3.173 3.167 3.176 3.169 3.174
18 3.170 3.167 3.174 3.177 3.172
19 3.160 3.165 3.177 3.169 3.152
20 3.173 3.177 3.174 3.171 3.169
21 3.171 3.162 3.177 3.169 3.166
22 3.172 3.165 3.164 3.176 3.168
23 3.186 3.170 3.173 3.171 3.189
24 3.167 3.176 3.175 3.168 3.164
25 3.159 3.162 3.165 3.168 3.170
26 3.168 3.169 3.163 3.176 3.182
27 3.174 3.163 3.168 3.161 3.175
28 3.177 3.172 3.180 3.175 3.172
29 3.184 3.177 3.175 3.165 3.186
30 3.170 3.161 3.160 3.167 3.173
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Xbar-R Chart of 1, ..., 5
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Process Capability Sixpack Report for 1, ..., 5
¥bar Chat Capability Hidogram
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