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U'YIflYltltl

'l1'W1~tJrlii1~(J1J'j~"Htll~Vt'l~ff~ri1'W'UV'llfftJ1'Wm~U1'Wm'j~~l'lt'l11:l~n~1fl'llf1~~Wifn~l (Tub) ~ii'UV'llfftJ
<Q ~ ,.!lJ4 Q,I 11) "d " do ~ t ~ Q.t o'.ci ~ Clto I .el .d.::::to J
ln~'U'W 4.29% l~tJ~1~tJ l~lnU'UV1..Jt'l'UV'lI1:ltJ~'lll~I~V'WfJ)Jfl1l'l'W1i t1'lI~V'W1J(J'WltJ'W l'l.ff. 2554 l'lU11'UV'lI1:ltJ'Ylln~'U'W

~~ii"mH.ll~ITI'Wvlv'lV1mffU~l1f.llih5'W.:n'W 61.1 % ~ln'UV'llfftJ~'l'l11J~ m'j'l111:l1l'11'lllt'l~1J~~tJ~l111l1'lii~'UV'llfftJ'~~

I'YlflUf1m'j 11ml~,.yl11'1J-l11i1J1'W m'j11fl'j 1~,.y ~'ll'lU':h1J~~tJ~nv1l1'lii~'UV'llfftJ fiv fI111J~'Wfl1tJ1'W m ~UtJn1:lUllt'l~..
.Q tI '<0:10 tI d Q,I G) ...1" I QJ 0 QI d. .:

~\U'I11J1J'Yll'lI'U1U1Jl'l1Jl'l(Hot Runner) 'II'lfl111J~'WmtJ l'Wm~UtJn"Ju lJ'j~ntJumtJ 5 'lf1'lfl111J~'W1:l1'11'jUm'j~~ I 'If'W

'l1'W 'lrllln PI tJQ~ 35 llt'l~ 45 MPa P2 VQ~ 45 llt'l~ 55 MPa P3 VQ~ 90 llt'l~ 95 MPa P4 tJQ~ 65 llt'l~ 75 MPa P5 VQ~
Q .Q "'.Q rI I d d Q d..::s

60 llt'l~ 65 MPa llt'l~~\U'I11J1Jmn\U'Yll'lI'Ulll1Jl'l1Jl'l (Hot Runner) V~'Yl 270 llt'l~ 280 °c ~lnm'j'Ylm~U1'Wm'jNt'l~'Yl1J

,jtJ~ln~'Yll'lrll'W1~(J~U1'Wm'j'l111J~~tJ~l'I11Jl~1:l1J~'l'l111~tJ1~tJtJnlluum'j'Yl~t'ltJ'lI;'lllvln'Ylt:ll~tJt'lllUU2
k

llUU I Jl
I .d" " "

Ul1J1'111'j~~U1J~~tJ.yjl'l11Jl~1:l1J 'II'liil1'l'l11J~ 6 1J~~tJ ~'liinn'Yl~t'ltJ'll1'lff'W 64 m'j'Yl~t'ltJ'l ~lnNt'lm'jffnllll'lU'".h'j~~U

1J~~tJ~l'I11Jl~1:l1J fitJ fI111J~'WtJQ~fh 45, 45, 90, 65, 70 MPa f111Jill~U llt'l~~f.U'I11JiJu~n\U'Yll'll,jlll1iyj1J~tJQ~ 280°C

lrltJl11m'j'Yl~t'ltJ'll~tJti'WiJ'W Nt'lm'j1~tJ 1~ tJulfil'j~ ~u1J ~~tJ'1J1~~~ 'I1'W m ~U 1'Wnn N~~lfl~V'leifn~l1'Wl~ tJ'W ff'l '111 f11J

Abstract

The objective of this research was to reduce the defective proportion which was up to 4.29% in the injection

process of a tub part of a washing machine's production. The researcher had collected defect data from February to June

20 II, 61.1 % of the entire defection was air bubble found on the surface of the washing tub. The factors and root cause

of defect found by using brainstorming and why -why analysis techniques. The factors of defect were cylinder pressure

in barrel and temperature access to the mold (Hot Runner). The pressure in barrel for one product injection had 5 range,

PI was 35 and 45 MPa, P2 was 45 and 55 MPa, PJ was 90 and 95 MPa, P4 was 65 and 75 MPa, P5 was 60 and 65 MPa.

Temperature access to the mold (Hot Runner) was 270 and 280°C For this production process had limitation of mate-

I unfYmnfl1f11'11"11fl1m'l"lJtl~ffl'l1m'l" mll::1fl1nnlJfllff~{ lJ'I111mntiVl'YIfl1u1l:lvvn::IlVlJlm;wn::Ufl'l"l'I1UV

2 Vllll'l" 61h:: ~1fl1f11'11"11fl1m 'l"lJtl~ffl'l1n1'S flW::1fl1m'l"lJfllff~ { lJ'I111Y1VltiVll'lfl1u1l:lvyn::lltllJlmi'Tvn::Ufl'l" l'I1UV



rial .The appropriate operating condition of factors found by Design of Experiment using the 2k factorial design with I

replicate. There were 6 factors and 64 experiments. The result showed that the appropriate of pressure conditions was

45, 45, 90, 65, 70 MPa and temperature access to mold was 280 DC After applying the appropriate operating condition

to the injection process of a tub part of a washing machine's production in August .2011, the defective rate reduced

from 2.62 % to 2.02%
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2. nq'tj{)nlf1rJ1'IJtNUa~~1'U1\lrJnlflrJ1'IJtl'l

et~ .c:i "
2.1 nq'tj{)nlflrJl'IJfl'l

lV1~lV1'i~~'U (Polypropylene: PP) ~~lij'U

VI~lff~fltJ'i~II1'Y1l'¥1tlfl1JVI~lff~fl~11J1~"l~jjfJWff1J,j~
Q do.4 'd
1'lf~fl~~1J1fl fltl ffl1Jl'ifl'YI'U~tlIlH~~llHm~Il'¥lfl ll~~. "
'¥IH~l~ jj~~'I1~tl1J~lfi 165 DC 'ltlU1ll~~tltlflciiI1l'U

.. 0 "J"~ ~ "J .'1 ..... .d'1"
ffl1Jl'ifl'll1J~l'U1~~1 lU'U~'U1'Ulvl'Yl1'¥l~1J1fl 'lI~'¥I1 '11

\JflU1'ltJ1~tlri1'lfl~1~'lJ11'1 [1] ~ltlril~I'li'U 1~l'ilQ'Iftl'U"Y .
t1~Ul11'U ~'Uri1'U'iflV'U~ lfl~tl'l1~vlvh lvltl{Ullltl{

... 1~ .,.. ~"
1l1'lf'U~lmtl'l 'If l'Um11'itl'U lU'U~'U

rl~,f'U~i~V~~jjf1111Jff'U 111~~tl~1J1W 'lJtl'llffV~
""".1 •.1 1 ""., ... .,,,

lfl~'IJ'U1I1flntl~tllf11f1' 'Um~U1'U f11'i~~~Mlfl 'i tl~ 'lIfl~1
"i 1" ., ..... ~.,
l~ V 'If'l1 ~ fl f11'i tl tl flll UU f11'i '¥I~ ~tl~ IVI tlfl'fl}j 111 1111 V

~H'l ~jj ~~~tl f11'iNii~ 1l~~l'i1f11'itJ1'U~~Ull~V'l~tlri1'l
!'111J1~ ff1J

1.1.J'mh
~., """J""'". 11l1~U'U'VHnff~fl 1~1'IJ1lJ11JU'¥IU1'¥1 1l~~f1111J

fflri'ty~tl;i~tJ'i~h)'Ulij'Umh~1Jlfl ~~~ii~.nw~~1~

l~~ VI~ lff~ f1lij 'U1~Q~U1'U fl1'i ~ii~ lIdif1111JfI ~'¥I 'U jj

.. 0 ... 1""
f1111JV~'I1~'U~~ 1Jtll~f11'i 'lf~1'Ul'Wl1'Ul'U 1l~~'¥I'U'¥I1'U

~ tlf1111Jftl'U'l~~ ~~l'hMVI ~lff~f1l ij'U ii~ ffUUff'4 'U~

ffl ri'ty ~ tl fl1'i 'IJ Vl V~1'IJ tl ~ ~ ~ ffl '11 m 'i 1J tJ 'i ~ 111 '¥I ~1~ '1
4 J oQ ~ 0 111 1" ...
'lI~ m~1J1'U f11'i'IJ'U~tJVI~lff~f1lVltl'Ul ltJ 'lf~1'U1J'I1~lV

it tlll1 f11'i~'U~tJ~lVf11'i~~(Injection Molding) f11'i
Y" " .
~'U ~tJ ~ 1 Vfl111J'i tl'U1 'U 'i ~UU"Ytytyl f11f1' (Vacuum

J 91 I

Thermoforming) f11'i'IJ'U~tJ~lvf11moh (Blow Molding)
~ 91 J d<C:ll 9J Q ,

IU'U ~ 'U 1~ Vf11 'i 'IJ'U 'i tJ '¥I 'U V1J1'lf~~ ~ ff1'U tJ 'i ~ fltlU
"~ ~ _~ ~ J " q d'

tJ'i~111'¥11mtl~hl'rhn fltl f11'i'IJ'U~tJ~lVf11Hl~ 'lI~
.,: 1" iJ QI d Q

m~U1'U f11'i l'i 1J 1I1flf11'i 'I1f1111J 'itl 'U flUI1J~VI~lff~ fl
"4d 'j/, 14" ~ 0

1I'U 'I1~tl1J ~ ~ ~ lVll~111 ~ ~~ I'Ill ~111JVl1JVI 111 fl'U 'U '¥I 1f11'i

tJ~~~'U ~1'U tltl fl1l1f1lU.JVimf~tl111ff~lIE'U 1'Ull~~~flf~

~ jj fll 'i~ ~ VI ~ lff~ flll ~ ~tl ~ jj fll 'i tJ l'U~~ ti lV11'i 1ih~ tl {

'IJtl~lfl~tl~~~ "l~lln f1111Jl~1 f1111Jrl'U ~W'l1iJjj ll~~

11~1 1,rjjml1J!'I11J1~ ff1Jll~~ ff1JoW'U,rt1'U 1~ v~~jjml1J

I;V1'lf1ty li4tli1tl~t1WUtl ~~VI~l~~t:mlfi~~'U 1I1flf11'i
d jJ:; loa QI~d.a
fl'fl}j1ll~~nm11J'lJtl1J~~~Il~I~tl'U fl1J1l1V1'U 1i ~Hl~tl'U" .
.Q I QQJOI 4
1JQ'U1V'U VI.fI'. 2554 VlU11m~U1'Uf11'i~~~~1f1~lfl'itN

~fl~l 'I1~tl Tub ~1'U1'U 108,705 ~'U ntl'1,rlfi~'IJtl~lffV

jjtJ~1J1W 4,666 ~'U fi~lij'U 4.29% 1I1fl'IJtl~lffVVlU11

uty'l11'11'tln fitl lfi~vltl~tllf11f1'U~I1W~l~'U~l'U~1'U1'U
':.Q~ dd. I Q,I

2,849 'If'U fI~IU'U 2.62% 'lI~1J~~m 427,350 1J1'¥1 ~'1

llff~'11'U~tJ~ 1



th'bimAfl

1'----,
_ fl-2-1 _
l.._ .. ~

1'biLiiflfl-2
1'----,
_ fl-2-2 _
l.._ .. ...;

th'bimll ..

r--"'" '11-1 ~

1"----,
_ fl-l-l _
l.._ .. ";

l'bimfHl-l
1'----,
_ fl-I-2 _
l.._ .. ...;

m::1J1'Wfll'j~fl~'Wt1J (Injection Molding) 1~'W

iii nl 'j ~'W t 1J y.j~ fl fi tu tt1ifl tlnl 'j ~ flVi" 1ff~ n~ fil~~

'Ii"V1J1l1 "11,j'lrill1jVi1Jvi~ 1t1ml1J~'W ff~ lfl~V~ ~m~1~
" "

1'W nudij'IJ'W lfl~V'W,j'l~1'1i\!1 [I ,2] 1I"::I~'W~iitl1Jfl'W
I I .ci d. ~ 0 a.'

Vtll~ IIVi 'j 'Ii"1 tI 'If~ 1J 'IJ'W fl V'W fll'j 'YI1~1'Wffl1J lHlllfffl ~ fl ~

'j1J~ 2
"

L---l '11-2 I

"'t'ilfll'j1J"fl;'W~1'W

'j1J~ 2 m::1J1'Wfll'j~fl~m1J (Injection Molding)
v "

fll'j11ml::M't'il'1J 't'il'1J (Why-Why Analysis)
a .e::t, Q d' cvd?i iI G\!V,Q
flV I'YIfl 'W fl fil'j 11m1:: 'Ii mil ~H) tI'YI1'U 'W fl 'W l'H ~ I mnfl

1J'jln!lfll'jwmh~ij'j::uuij~'WflV'W 'lhn"fll'jfln'li~'W

~~'1ihifll'jfiflllUUfl1fllfll ifltl'lilnij1J'j In!lfil'j WVril~

1"Vril~'Ii,j~1nfl ~'W \I::'t'i lfll'jVi\lU tu1~ -J1v::''j I~'W il \I~tI

'Ii~Vfflll1~~'t'il 1l1'ln" i~'t'il1l1'ij fll'j~~f'hCl11J':h "'t'il'1J"

.. , , iI~ QJ <jJ a iJ e:::t.

[3] ff1J1Jfl11 fl'U\I\ltl1J12 'lJV flV nil":: 'IJ \I::flV~Vi\ll'jtul

~VVn'J1't'il'1J nil":: 'IJ il~lnfl~'W1Jl'~ Viuilil\l~tI~'t'il1l1'

n lnfl~'W flV n-I II":: n-2 ri1'Wil\l~tI~'t'il1l1' 'IJ In,,~'W

.. i'" 0' 0' 0'flV 'IJ-I II":: 'IJ-2 fltl\l::flV~CI11J11 "'YI1 1J 'YI1 1J 'YI1 1J"

'1Jl~VtI'l \I'W nil\1tViuffl1'li~~1ll;\I~ ~ ifltl1'W'liv~qfll1'lt1

(fl11Jt1J~ 3 flVri1'W'lJV~C_-_"J) \I::l~'W~'W~V'lJv~ilt1!'lil

~1~'l ~111'1J~fil'jlnfl~'W'lJV~1J'jln!lfil'jW Vi~V1J~~

ffl1J1'j (lVi~nn~u'1Jn"l til~ 'W1J lfl 'j!1'W~ ij1J'j:: ff'YI ~111Vi
" .

'Ii~m~'W1J1fl'j!1'Wi1v~ O'W'1i1l1'lnfl9hvn~~ IIfffl~1'W t 1Jli 3

fil'jvvnIlUU1;~lIvJn'YIVlitl"IIUU 2k flV fil'j

fffil:n k il\l~tI ~1I~,,::il\l~tl1J'j::nVU~1t1 2 'j::~U ~~
QJ I': ~ V GI C/o a 'jJ Q

'j::flUl'H "1'W m\lI'U'W 'lJV1,!" I 'Wl'HfJtuf11Vi m V'lJV1,!"I'lf~

1J~1Jltum~ [4] 1I,,::1'W 2 'j::~U~n~11il~d\l::II'YI'W'j::~U
, "4 0 a d. a ~ l.o::::t ~ QJ QJ

"\1~" 'Ii'jV "fll" 'Ii'jvnl'j "1J" 'Ii'jV "11J1J" 'lJV~lJ\I\ltI'W'W'l

" . "
[5] 1'W 1 fll'j't'ilcihliU~\J':iWffl'1ii'unuvvnlluul'li'WU

iJ iI 10' 10' <jI

\I::1J'j::nVU"1t1'IJV1Jm1~ff'W 2x2x. __ x2 = 2k 'lJV1J" i"tI
" ""

Ii tin fll'j VV niluu~nlltu::uil fil'jVV fillUU fll'j'YI""V~

1;~lIvJn'YlVlitl"llUU 2k [6,7]

"
nUVVfillUU1;~lIvJn'YIVlitl"llUU 2

k
llUU I ~1

I~'W fll'j 'YI fl" V~~~ 1'W1'Wil \I~tlV Q1'Wml1J ff'W1\l1J 1'Wn"l~

[8] ifl tI~1'W1'Wfll'j 'YIflM~ ':i11Jil\l~tI'lJV~fll'jVV nilUU1;~

IIvJn'YIVlitl"llUU 2
k

\I::ij'IJ'W1,,1'1i\!1 ~1Vril~I'li'W fil'j

vvnllUU 2
5 \I::1J'j::nVU~1t1 32 fll'j'YI""V~':i11Jil\l~tI

nuvvnllUU 2
6 \I::1J'j::nVU~1t1 64 nU'YIfl"v~':i11J

il\l~tI II":: 1~'Wl'li'Wd'1Jl~VtI'l ll~l'dv~\llnijml1J~1Ofl

". "
'lJV~'YIi'Vi til m 't'il1l1'~l'W1'W~lli \I::ln,,~'W 1'W fll'j'YI""V~
" " .QJ dlOQJ d.:::ll Qlod 0

'W'W'l1Jfl1\11nfl n1J(l~1JUVtlflH'YIffl1J1'j(l'Yl1fll'j'YI""V~

" "'~I'VhJ~~11~tl11')'hu'W [9] i~'t'il1l1'lnflfll'jvvnlluunu
"'YIfl"v~1'W~nlltu::l;~llvJn'YIVlitl"llUU i llUU I ~1



o •
~<V oE:I.q II

2.2 nlnlltJ'Yllf)tJ1'\1t'1'1

1~tJ'IltJ1~tJ~l~tJ1,j'6'1'\J~J'l1tJ1n'1 [I] '~ffml1

1'l111J ~ty 1ff tJ 'ill f) m:: lJ 1tJ fll 'j ~ ~ 'Vi l:' 1n'~ f) (Scrape
.d' 0 0 ~ "

Purge) 'If'l'U l11~'Um'Vin'lm~Ill:':: ~l:'1Jl'Y11 f11'j111'l'j 1:: 'Ii

114tHll'litJ~il 'il~tJ 'illf)JtJyhf11nl 6 f)lllJlJ f11'j 'YI ~l:' 6'1li'l

1l'Wf)'YI61~tJl:'lllJlJ2 'j::~lJ 'VilJl1'1itl'l'illf)'YI~l:'6'1n'11J1'jf1

l:'~lJ~1J1fll Scrape Purge ,~ 70.4% fi~lrJ'U2.Jl:'fil 98,046
I <t!I ~ jI,dl

1J1'Y1 ~61~6'U Balasubramanaima and Guha [5] l~flml1

il'il~tJ~iJ ~l:'m:: 'YIlJ~6 f11'j 'YI tJ1'l111Jl'lii16 tJ~llJ~11fll~~~

1~61Jm~f) 1~tJl'ilf11'j66f)lllJlJf11'j'YI~l:'6'1lllJlJ 2 'j::~lJ

'VilJl1 il'il~tJ LOP (Ratio Between Initial Lack of
d t .d iI ~ dd.

Penetration) 1J ~l:'~61'l111JmtJ 6tJl:'llJ'j l1fll ~~'YI1'lf61J
ad ell .d~

ml:'f) 'YI'j::~lJI'l111Jl'lf61J'U95% Lanzon and Hodgson

[6]'~fff)lllfJtIln'1JU~ '\J 6'1 n'1 'j 'Ii ri6~'U ~iJ ~l:'~ 6 f11 'j~tJ ~lJ

1l:''Ii:: 1~tJ66f)lllJlJf11'j'YI~l:'6'1lllJlJ 2 'j::~lJ 'VilJl111JiJ

f11'j llJ~ tJ'UlllJ l:''1'\J6'1 r:i1;'U '11'U~,~i'lJ f11'j 11'l~6lJ ll~ 'il::iJ

~l:'~6r:i1l'li~f)~'1J'~i'lJf11'jll'l~6lJ 'l1~1Jl [7] '~fff)1l11l46

l:'~lJ~1Jlfll '\J6'1lfftJ'illf)m::1J1'U f11'j ~~~lllJlJll1J')j'itJ ~ 'I

1~ tJi~f11'j66f)lllJlJf11'j'YI~l:'6'1lllJlJ 2 'j ::~lJ m 6'1il'il ~tJ

'illf)J'U~'1l'ilf11'j66f)lllJlJf11'j'YI~l:'6'1lllJlJ Full Factorial

'VilJl1n'11Jl'jtll:'~lJ~1Jlfll '\J6'1lfftJ'~ 79.46% fi~lrJ'U2.Jl:'fil

207,615 1J1'Y1~61$l6tJ mtlf)llW [9] 1~fff)1l1m::1J1tJf11'j

vi 'Ull'lr6 '111'l~6lJ ~'\J t1fll et1~'l1J n'11J1'j t11'l1lJ fJ 1J1'l111J 'Ii 'U1
~ .4 iI i/o -CloQ,ltl

'\J6 '1'U 1tJl11'll:'6lJ'~~ l1J'\J 6 f11'1i tJ~ l'il 'Vi 1::'\J 6'1 ~l:' ~f1 fll 'Y1

~'1l'i lf11'j'YI~l:'6'1li'lll 'W f)'YI61~ tJl:'lllJlJ 2 'j::~lJ~iJ ~~
" .. ?! .s_I~_1

fl'UtJf)l:'l'1 1ll:'::1J 1 'lfl 'j11JtI'IlJ'jlJlJHI'l111Jn'11Jl'jtl'\J6'1
v •

m::1J1'Uf11'j 'VilJl1'illf)f11'j'YI~l:'6'1l'iliMfil~'lfiH~ml1J
I ~ iI ~

n'l1Jl'j t1'\J6'1 m::lJ1tJ f11'j 'VitJll'll:' 6lJ ~1'Un'1J 'j 'j t1'U:: 1'Vi1J

~tJlrJtJ 1.0 1 1ll:'::lJ~1Jlfll ~~~t1fll et1lJ f)'Vii6'1l:'~l:''1m~6

2.46%

'il1f)'! l'U1~tJ~ f)ril1itJ ,j'1'1~'U l'iliM~1~tJiJ1'l111J

n''Ui'il f11ni 11~ f11'j 66f)lllJlJ f11'j'YI~l:'6'1li'lIl'W f)'YI61~ tJl:'

1J1l'i1f11'jU nil ty 'lil 1146l:'~ lJ~1J1fll '\J 6'11fftJ~ 1fi~ 'ill f) f11 'j

do Q ~ Q,I Q.I .cA Q,I iI 1 GI".c:Il "
'il ~'Vimn'~ f1lUtJ~1t1'111'J'j 6'1'1ff) ~1 ~ tJ 1'lff11 nll'l 'j 1:: 'Ii

l'il'1J l'il11J 11I'J'jl::,.y'liln'lm~ 1ll:'::nl'1i'U~il'il~tJ 'illf)JtJ

~'1l'i lf11'j 66 f)lllJlJ f)1'j'YI~l:' 6'1li'lll 'W f)'YI61~ tJl:'lllJlJ 2

Q,I dd ~ d iI 0 QI .d Q,I.Q

'j::~lJ 'YI1J 1 'lfl1'Vi'jl::1J'\J6'illf)~1'j6'1'\J6'11~fj~lJ

.Qq 0 <l::l .q QJ

3. 1fifll".iVll1'U'U'InnlltJ

li16'1 'illf)1~ fjlJ'j::n' 'I tl'\J 6 '1'1 ltJ1~tJd 1rJ'U f11'j'lil

'j::~lJil 'il~tJ~m1J1::n'1Ji tJ m::lJ 1tJ f11'j ~~~~ 'il:: l'i 11M

lJ~1Jlfll'\J6'1lfftJ~lfi~~'U'illf)f11'j~~'Vil:'1n'~f)l:'~l:''1 l~tJiJ

~'U~6'Uf11'jfhU'U'Il'U ~'1Iln'~'1itJ~lJ~ 4

1~ tJf) 1 'j n 1'Ii 'U ~ il 'il ~ tJlll:':: 'j::~lJ~ ri 'I ~l:' ~ 6 fi 1
o •

.o:t.o::::lQ Q I .Q d.Q

~ 6lJ n'tJ 6'1'Y11J6'Y11i 'Vil:'~6 fll'j If)~'\J6'11n'tJ l'j 1J 'illf)fll'j

Co "'j:: ~1Jn'1J6'1 (Brainstorming) Ill:':: 11I'J'jl::'Ii'liln'lm~

1 9" Co 0' 0'1 0' ".d.. "
~tJ l'lff11nll'J'jl::'Ii'Yl1 1J 'YI1 1J 'illf)~'YI1Jml1J~1'l111J

1')}tJ1'lfltylll:'::lJ iiu~ '!l'Ui 'U ~h tJ~ l~ tJ1,j'6'1 f1lJ f)1'j ~~

'Vil:'1n'~f) ~'1Iln'~'1itJ~lJ~ 5
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45

35
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270

Low (-) High (+)

P3

PI

P4

P2

P5

HR temp

f11~H~ 1 illl,j'tlllJ;l~'j~~u~i~'Uf11'j'¥l~J;lV'I.,
f11'jtJtJf)llUUI;'111vlf)'¥ItJl~tlJ;lllUU 2k llUU 1 'li1

.~ ..
lnJ'VIlJ'VI

~ .,
6. ~Wl1.IJlJ'I'1H!'Ul

1l1f)nl'j~:hm1~M'V'lUl1 ff1m~~ritJi,rtf)~"Hl'l

IihJlJ 1111 f) f) 1'j 11 i'U~'I ~ 1'V'l1'j llJl~ tJ {~llJm:JJl~ ff:JJ fi tJ
e:t. CIt. iI I.Q d'

QW'I1l';):JJU'jnW'¥l1'11'lJ111:JJ'V'l:JJ'V'l (Hot Runner) llJ;l~m1:JJ

~'U,f) 1 tIi 'U f) 'j ~~U tJf)~U~ ii nl'j i ~fl11:JJ ~'U~ II~ f) ~ 1'1 fl'U

i'Uf)1'jll~ 1 ;'U'I1'U l~tIll'!J'ItJtJf1lll'U 5 'lf1'1fl11:JJ~'U

~1 tI fl 'U 'j 1:JJ~'I f) 1'j 'lJ 1~ '11f)lI ~ i 'U f) 1'j 11~ '11~ '11'U 'lJ tJ 'I
QI 0 e:t.' <C:lo rI

'V'l'U f)'11'U llJ;l~ 'lJ1~ nlnllfl11:JJ ff~tJ1~U'jnWll:JJ 'V'l:JJ'V'l
t ~ d eLI IOi<j}<j}QQJ.e::t

tJ til 'I ff:JJllff:JJ V 'If'l1l1f)ff1m~~'1 f)J;ll1'¥11 '11 ~11ltl:JJ fl11:JJ, ..
ff'Uill i'U nl'j'l11'j~~uilll,j'tI~m:JJl~ff:JJflunl'j ~~~ l~tI

'I11f)1'j VtJ fill UU nl'j '¥I~J;lV'II;'111vl f)'¥I tJl~ tlJ;lll UU 2 k

~ ~<j} 0 ClJ ~ OJ e:t. .d ,
llUU 1 'lf1 1'V'l'j1~:JJ'lJtJnlll~i'UI'jtJ'I'lJtJ'I1~Q~U 'If'l1l~J;l~

'j~~U~ fhH'U ~i'U nl'j '¥I~J;ltJ'Il~V1'1V'l1l1f1ltJf)ff1'j1l~'I1~

'11'U (Work Instruction) 'lJV'I'¥I1'11H'I1'U1111l'U11l~1:JJ~
iI 'j/ _ IltJ 'j/ ~ d d 0 i""

J;lf)m~tJ'If11'j ff1:JJlHlff'j1J !~~'1~1'j1'1'¥1 1 11 'I '¥I1 'I1:JJf11'j.. ,
'¥I~J;ltJ'Il~tJ'I11'j ~~U ~l'I1:JJl~ ff:JJ1~ tlii ~ 1'U1'U f11'j '¥I ~ J;ltJ'I

~'1i'U 26 'I1~V 64 f11'j'¥l~J;lV'I
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m'i~'i1'ltY6U~1JIIUU'U6'1fhti1'U~n~1'l (Residuals)

~'I'i1J~ 8 'VlU11,j'6)Ji;l'llnm'i1'1~i;l6'1Ufl11)Jm)Jl~ff)J.. ..
'j/ QJ Q Q rI
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4.1 Ni.tm1tH)nIlUUm1flYli.t6.:jIY.:jIl~nflt)l1ui.t 2k IIUU
Sf

lil

Q Q 9J tQ rI
1Ii;l~mu'Hll)JU 'i11f.Ul'1l'lI'U11l)J'Vl)J 'Vl. ..

'llnNM1'i1'1~'H)'I~1~(Ji~Yilm'i11f1'n~'I1I1i;l~

tY'i1J NMl'i1'1~i;l6.:j 1~ (Jlh~'(Jn~'1~hh IIm)Jl'1l.:jtYii~
" • q !oI

d d Q rI'U d

(Minitab version IS) 'll''I)JNi;lm'i11fl'il~'I1~'I'U

'lln~1J~ 6 'l~lItY~'IVl'11i'Vli;l'U6'1iJ'l~(J~1'l'l ~U

Ni;l~6m'ilfi~'U6'1lff(J~I~'U'W6'161mfl 'llmf'UYilm'if1~
iJ 'l~(J~'hJu'I!(Jffltlt1! 66n IIi;l ~'l~NM1'i11f1 'i 1~'I1fI11)J

1I1J'i1J'i1'U (ANOVA) ~'I~1J~ 7 ~'IiJ'l~(J'I1~n fi6 fI11)J

~'U'1'U'Ji1'1~ I, 3, 5 1Ii;l~Qf.U'I1lJ~U~mUl'1l'lI'lhuJ~)J'I{

iJ'l~(J';1)J fi6 Vl'11i'Vli;l';1)J'j~'I111.:jfl11)J~'Ui1'1~1, 3
" .

1Ii;l~ 5 'i1)J11'1Vl'11i'Vli;l';1)J'j~'I111'lfl11)J~'Ui1'1fi I, 5

lenth's PSE 1:1 0.0421875

Factorial Fit: Wide versus Pl, P3, P5, HR temp
E~t.i.e.t.ed Effects and Coettic1enC5 for Vide (coded unit.s)

~1J~ 6 Normal Plot of the Effect
99
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Probability Plot of Residual
_-95""0

P
0.000
0.000
0.000
0.000
0.000
0.015
0.001

T
84.03

-11.77
14.85

-15.13
-17.66
-2.52
3.40

5E Coet
0.1948
0.1948
0.1948
0.1948
0.1948
0.1948
0.1948

Coe.t
16.369
-2.294
2.894

-2.947
-3.441
-0.491

0.662

-4.588
5.788

-5.894
-6.881
-0.981
1. 325

EffeceTeI:a
Constant
P1
P3
P5
HR UJIIl
Pl'P3'P5
P1'P5'HR UIIP

Ol.L.....~;.....L--r---r------,_--.----.'5 • 1. 55840 PRl:55 • 174.519
R-5q' 94.15% R-Sq(pred)' 92.63% R-Sq(adj)· 93.54%

-5.0 -2.5 0.0 2.5
Residu~1

5.0 7.5

Analysis of Vat:ience tOl: Vide (coded units)

Soutee Dr Seq 55 Ad) 55 Ad) 115 r P
llain Etfeceo 4 2186.05 2186.05 546.513 225.03 0.000
3-Way Inuz:&celO1l3 2 43.50 43.50 21. 748 8.95 0.000
Resic!ual Error 57 138.43 138.43 2.429

Lack ot l'1e 9 25.65 25.65 2.850 1. 21 0.310
Pute Error 48 112.79 112.79 2.350

Toea! 63 2367.98

2. m'i~'i1'lff6UfI11)Jlffii(J'i'U6'1f111)Ju1J'i1J'i1'U

Irt6,j'6)J i;lUm'iU'l nu'l 'I Uuu 1Jn~ ~'I '1~f111)JIl'h n'U..
'U6'1f111)Ju1J'i1J'i1'U'U6'1fhti1'U~n~1'l (Test for Equal



~ .o::::t. I

Variance for Residual) l:IJtJ'VHll'HI.l1fn P-Value = 0.193
.., ... • lilt ... , .1 .1
'Ii,U.J1flfl11 a = 0.05 1l':l'tY~u Afl11 fl111Juu'ju'j1U~tJ~

.u tJ 1,j 'l1lJ ii 1'1111J UlI fl ~ 1~ n U tJ V1~ ii '11 tJ ri 1fI ty ~ 1'1111J

'" .,
l'lftJ1JU 95%

?t "" • ...
3. fll'j1l'j11l fftJufl111JllJU tJff'j~~tJ~ff1U 11 flfll~

IdtJVillnW11l1mU~ 8 'Vlu',h ff1U\9Imh.:l1lJiit1flllW~
"

I~U 'lUUuuilJiiuU11U1J U'l~ii fll'jm~1l1tJ1Pl1'j tJurlltl'u6
Ufffl~ -,h.utJ1,j'lii1'1111JI~UVff'j ~~ tJnu

4.3 Ntlfll'iY/l'i~~ui1~~[Jfil'l1m~tTli

fllnl1'j~,ruiJll~tJ~l'H1J1~ff1Jl~tJll1'fll'j ~~\9I~

1~Ju1lJ ntJ1111fifl~tJ~ IfftJff11J1'j ()l~fll'j1lm l~-Hlfl tJ

Response Optimizer luIU'j um1J Minitab version 15
.. lit ... ., .1'"
'Ii~ff11J1'j()Ufffl~ AflfI~'lU'YI 10

~tinal PI P2 P3 P4 P5 HRlerl>
D~ 45.0 55.0 95.0 75.0 70.0 2llO.0

[45.0] [45.0] [90,0] [65.0] [70.0] [2llO.0]
1.0000 Low 35.0 45.0 90.0 65,0 60.0 270.0

Corrposite / ~ 1//Desi'ltJirlly
1.0000

WIde

\ 1\\Mi1iTun

Ly=0.20
d=l.oooo ~ ~

iJ Il~tJ~ii ~'l~ tJ~ tJ~ IfftJ~ ii t1flllW~ I~U vl tJ~tJ1fl1ff

u~nw~b;u.:nu 1~un iJll~tJ'l1t1fl fitJ fl111J,rultJ'lh~~
.o::::t. e:t. iI IQ 014 ~ ~ QJ

1,3, 5 U'l~tJWlYfl1J1J'H1W'YI1~I~lU1J'Vl1J'Vl 'Ii~'j~fluulllltJ. ". .
Yil'HlJl~ff1JtJQYi 45, 90, 70 MPa U'l~ 280°C 1I1mh,ru

iJ'il~tJ~l1J fitJ V'YI~'Vl'l~lm~wh~fl111J,rtJ'lh~~ 1, 3
~ .

U'l~ 5 n1J'l1~V'YI~'Vl'l~lm~w,h~fl111J,rtJ'lh~Yi 1, 5

U'l~ ~WlY1JiJu~nw 'YIl~1.u1UlJVi1Jl{ ff1U iJ Il~tJ~1lJij ~'l

~tJ~tJ~lfftJ i~un fl111J,rultJ'lh~~ 2 Il'l~ 4 fl1'jij'j~,ru

iJ'il~tJtJQ~ 45 U'l~ 65 MPa l~tJVuiJU~'lfll'j1lm1~-H~

-h~fI~l'HlJl~ff1J~i~'ill fl fll 'j1~tJ Ifl tJ'ti 1fll'j 'YI fI 'l tJ~nu

fffll'Vl~lU'il~~lum~1J1Ufln ~~11 'Vlu -h flltJlul~tJU

e:t. e:t. QI cr'..:::t. QJo<::lo iI
ff~lI1l'11J 'Vl.ff. 2554 ~'l\9lflWCV11JfJWff1JUll\9lH1I11J~tJ

~

fillY U fllJl fl;iu Ifl tJij U~ lJlW ~ tJ~ Iff tJll 1flvl tJ ~tJ1 fllff

126 ;U 1l1fltJtJflfll'j~~1I~lU1U6,237 ;U 'ti11l1'ii

~~ \9ItlWen~ I~U~ tJ ~IfftJll 1fl vl tJ ~ tJ1 fllff'l fI 'l ~ Il1fl 2.62%

'" d
llI'ltJI'VltJ~ 2.02%

ilQQ,I e:t. I

~1\ltJ~tJm1u~tJU'Vl'j~fJW fJWflltyllU1 'lf~'lf1~

fJW1I;tJ'j fffl1'Vl'jlY1J 'Vl'l1fl~lU~htJ1ff1m'j1J ~htJ~~\9I

U'l~~ltJfl1UfJ1JfJWfl1'Vl 'j11J~~~'l l~tJU'l 'I1flffflll1

.1"" i"'9 ... 0', '" 9
u'jtyty1 I'YI'YI IlYfl111JtJ'4lm1~lY U'l~'lf1tJl'H'ltJ IUfll'j

~ 11UU ~1U1 ~tJ~11u;i1~u tJV1~~
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