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Semiconductor is the material that has properties of conductive stay between 

the conductor and the electric insulator. It is the main part of electrical appliances. 

This research was to study and solve the problem in peripheral product at the mold 

process. The problem of the wire touch or the gap between 2 gold wires was less 

than the standard rule of the product. The gap between gold wires must be wider 

than 23 micrometer. Thisresearch defined the potential factors of the wire touch or 

gap between the gold wires by utilizing the fish bone diagram. There were 3 factors 

which were considered to be the main factors of the prcblem. Those factor were the 

injection time, the tablet preheat time and the injection pressure. 

Central Composite Design (CCD) was employed with the response surface 

analysis to explore the appropriate parameters which affected the maximum gap of 

the gold wires. The experimental result showed that the suitable parameters of the 

mold machine of the wire touch problem were the injection time of 13 sec , the tablet 

preheat time of 9 sec and the injection force of 1.7 ton, which result in the maximum 

wire gap of 49 micrometer. We had no problem of the wire touch or gap between 

gold wires less than 23 micrometer after implemented these factors. 
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vod~~nasianaiuuui~~duna.~ iiu'ran~~qndvqiiuimrIiu (1000 kglm ) 6a;u 

n ~ i u u u i d u ~ a ~ a a ~ ~ u n ?  
s= 

~nrr..uidu~a.r;iuiqn; 
(2.4) 

u 

n~iuri?~ii~wi~Wijudau. naiuria~4irwi:uian?.~ai~d~nii  naiu 

uuirrdu~u%ni (Relative densi*) 





AV F a -  
Y 

* 
qinniw; 2.3 wuii V N  ei7~lnum"au d v l  dy & 6 d  

F 
f i i u u m ' l ~ n a i u r 6 u ~ ~ o u  ( shear strees ) Z = - rra:hi p ( mu ) rfludin~&84 

A 

(Kinematic viscosity). ~ ( n u ) 7 4  



1. nislunrruu~no~6?rau6 (Turbulent flow) Lilun~sluado~ninnodslodbn 

~n&udou' id~r~urzL~uu 

, , 

2. nisba~ruunii jdi i  (Laminar flow) r ~ u n i s l u n d o ~ i n n o ~ s l o ~ l u n r n i n u ~  

orildrilus=rijuu 

2. Nan uniform flow ~ ~ ~ n i ~ ~ ~ ~ ¶ 0 d ~ 2 1 ~ ~ 2  n2lu6u rdiuurrdn~ldvjn~ 

uiii6nslo~nirlun 

3. Steady flow r i l u n i r ~ ~ n % ~ ~ ~ ~ u ~ ~ n o ~ ~ o ~ ~ u n ~ r j i i n ~ s r ~ i u u r ~ ~ a ~ ~ ~ m i u  

r ~ a i ~ ~ ~ o i ~ ~ d ~ u u ~ ~ d a ~ l ~ ~ n ~ u i i i 6 n s l o ~ n i ~ l u n  

7.Gmn2ua~~azn2iur'r~raZu 

Kmsinirlun ( flow rate ) slo~n'il~lua Zof iu imnodnoa~ua i~ua~ i iu iudu~ i~n i  

~ iuun luu%du~~uan i  - 4 0  

n?iuri.lraiu ( mean velocity ) uuuCii7wwiniuunZn Fii6mrinirlua~iudududi6n 

uirisu Rud u i i i i b  6ilu' v r i lun~iuhraiu Q iilu.iSnrinirlun rraz A rilu 
v 8 .. 
iuiuCi6n KqGu 



8.ninisnqiudn~iioa 

fiunisnqiudnL%n4 (Equation of continuity) ~ 4 1 7 ~ 1  Stream tube ~ 4 n i w d  2.4 

41nIpfi~U%a4 stream tube ~ 9 l ~ ~ l ¶ ~ 4 ~ ~ ~ k f i l ~ l f f l ~ ~ ~ $ l ~ 0 ~ n ~ l 9 l n  stream 
d 

tube ~ ~ ~ i j t u a m ~ u s n l r i ~  &'in14 uh~n~=~usoonuin i~uCi~ l i l  ~uu~sLviidurjj 'nrih 

nislusuuu Sieady flow u ~ s i i 4 a n 4 1 u s k ~ n i s  ~ d ~ u u u d s 4 ~ n i u n i s L q s i  &tu%~$uu 

fiunisla'du 

d 
nlwn 2.4 Stream tube 

2.2 n i s ~ ~ ~ n = ~ ~ ~ u i ~ a i ? a b l u u ~ u ' n ' i ~ d n i  (Fishbone diagram) 

d $ v .  
u u q i i 6 1 ~ d s i  (Fishbone diagram) L ~ U L A ' ~ ~ ~ O ¶ ~ ~ U ~ ~ ~ I ~ Q I M ~ U L L ~ Y ' I I  

f l~u l ' lw luqnf i lunssu U% d ~ w n i l  Cause and Effect Diagram Pliludn?~~AqIu 

n s ~ u ~ u n ~ s u ~ n f i ~ u ~ s n u ~ ~ ~ ~ ~ ~ u ~ ' ~ ~ n ~ f l ~ u ~ ~ ~ ~ ~ u  4 dsznio (4M) IAuri nu (Man) 

Lfl%4<n7 (Machine) ?%I4 (~ethod)LL~:?flq (Material) ~ ~ u q i i f i l 4 d s l f l 1 ~ 1 ~ 0 ' 1 a " ~ ~ n l ~  



u u 
e -  d 

%unoui iu~ua~id Cause and Effect Diagram undu 

i !iuunilqui douansznu (Effect) d ~ q l s u i L ~ u ~ o r i i d L ~ u ? ~ v i i E u  

hi 2 !iuunallu?u6nl (Major cause) Tnula" 4M 

, < 

kdd 3 u i ~ u ~ ! ~ u l ~ ~ ~ u l d l n "  (Possible cause) 

l u u i ~ n ? ~ ~ r i j n ~ i u $ ~ u i n l u n i s u ~ ~ i ~ u ~  l J s ~ ~ i u ~ r n a i u n s s u i ~ u 1 u ~  _- ~uu~a?s?LnrlzrrirulJ~uu 5M 1E iio nu (Man) Ln+od?ns (Machine) ?:nl4 (Method) ?a? 

(Material) rr~:nls?'n (Measurement) LLazidLl?n&tlu (Environment) ~[ i lUsj~nlS%lZ~l~l j  
4 u 

d -  a 
aiuirnuiaia~~'i]d~nns::y1un~nn~u~n"odi~nsu~?uu1nd~n 

1. fll78QflttUUfl37nnasd (Statistic design of Experiment) 



Controllable factors 

x, XZ x3 

Uncontrollable factors 

u 

uIjnnim"yiu 3 dsznir6iu~un1roonrruun~snmnQ~"no 

t i . .  
I .  isw8rn$u (Replication) H b 1 7 ~ d n 4 n ? 7 ~ 7 n 7 5 ~ l ~ ~ a ~ ' ~ l ¶ ~ ~ ~ C r a ~ U ~  2 

Output 

. 
Input 

Process 



, * - 
2. ~t?Idn'ilulu~¶%d (Randomization) u U I U P ~ J ~ I ~ ~ R D J ~ ~ ~ J ~ ~ ~ ~ I ~ ~ ~ I ~  .. 

nmam~~az~i6uva~nimna' i l~u~a~n~~r i lurruu~u rrrurnnulur¶~ur3uGu~iuu~ndiuk 

n i r ' l G Z n i r r ~ ~ a ' i i ' l u n i 0 ~ n n ~ ~ ~ u n i m n n n ~ ~ Z n i r ~ 3 ~ a ~ i ~ i u u o l i i $ a ~ a  (u?nn?iu 

urnwain) ~=6n~rflu~~nls~ruu~uMdu'ni~n~z~iurruu~ar:: nir~~ri~rumnulu5nirnnan~ 

~ i ' l 1 j i ~ i ~ i u i r n a ~ ~ a v ' i l ~ f l ~ ~ u n i u u a n ~ a i ~ ~ z d r i n g ~ u n i r n ~ a n ~ l n "  

.A %.a 

3. ~E'ilnii: (Blocking) L ~ U L ~ ~ i j l ~ ~ ' l ~ ~ l ~ ~ u ~ i u ~ ? l u ~ M d u J ~ r J  (Precision) 

1Grrrinirnna.o~ un 'nn6uu%~oi~~ : :uu iu~~~~uu%~v ' i l~~a~Md ' l~un imnan~dm~~: :~  

n?iur3u6uu~J~uL~u?tuuinniiLiw~auunvaa~a n i~ r~uur~uu~ ' i lu laMddiau ' l~~ i~~  

niu'lurr~a=un"iln~-riin~ulti~innir~1iun'nnii~ 





2.5.1 niooonrruunimmno~rruud~<u~~u? (Single Factor Design) 

nimon~ruunimn~oauuudq<u~~u~~::n"oa~ii~io~~Tmur~6~~'i)ad~<u 

r~onmaouiir=Ku~o.rdqiudia~Eiu~~oFiinnuauoarProlrj Tnunimant~uunirnmnoa 

~~uuil7<urZua a i u i s n ~ ~ ~ i a o o n r l u  2 ~ ~ u u l u ~ 1  i;o 

2.5.1.1 nlroanrruunmRoauuu~21au~46 (Complete Randomized 

Design: CRD) 

3. n?iurrrju~ig.rnii%nis~ul msi:iin~iuudsdr~u.a~an~iu 

naimrn6au (mean square error) G a u i m l u ~  



dd" 

2. Annilti~fiuqilq<ur&x rilurruunirnnnoqiunnwmziiu azn?n'lunis - - 
dgu61~~nz- i~ns iz~%o~a ~uui: i i~l~ud?un~~o4M"i;n~1ua~i~auauin ud?unmnaqG 

fania1~~uvPrnruu~nnPrn~uu~u~~L~iKu 
u 

~~uunisnnnaa~riu~~uu'l4nnno~'lu 

f i~ .~d~uTniru~"soounna~~ 

2.5.7.2 n ~ s a ~ n ~ ~ u u n i s n n n o . r u u u n n n . i l ~ ~ w u u ~ a n ~ u ~ ~ ~ ~ s ~ i  

(Randomized Complete Block Design: RCB) 
-4 

rLuunisnmno~uuu~u'luulon~ilu5'jlniru%~'luuniu~ ?s~~aqnis  

i i ~ r u n n ~ u u  2 niq (Two-Way Classification) l z ' l ~ ~ ~ ~ u ~ ? u n n n ' i l 4 i ; ~ i ~ i u ~ ~ m n d i 4 ~ u  2 

gnnnr:iia niaLu?uou (ROW) LLazLLu?iq (Column) Gugnnisiio wuiuiu<nu~?unnaaqi 
zi d 

v 

u"n?iun~iun~anid' lrr"o~~un~u~~uaK~d a ~ r s u n i i  uGan 6~Gun?iu~~dsds~us~uii .~ud~u 
-.a 4 , 

nnaoqluuiionL~u?nu~quniii r~nzlfin?iu~~nnii~s:uii~uAonijFii~.~ l u ~ ~ d n z u l o n  
v 

nszGifnu?u n s ~ ~ ~ ~ l f i ~ s i ~ ~ m n ~ ~ u n n ~ i u ~ ~ m n ~ i ~ s z ~ i i ~ ~ ~ a n o o n u i ~ ~ n u ~ ~ s ~ u v a . ~  

unu?naaqiiikaa.~l& 

2.5.2 nisaann~uunisnnnaauuu~~dnno~ (Factorial Design) 

n i m a n ~ ~ u u ~ ? i ~ ~ ~ d n n a & ~ n  (Factorial Design) ~i)u%nisnnao4%i 
-4-4- I 

dsz5ntniweqtp ~ u n s m i u i l l i u  (Factor) k w d  2 fl~q'u.nuld Tnuynl Treatment 
" 2- 

combination va~i l~<uynm?nf inni  ~ ~ Q ~ ~ ; ~ ~ I S ~ I ~ W ~ " D U ~ ~ ~  



mnunun4 &niiil+i'o 2 mizo A rra: B lmtlr~sia:il7itlii 2 r:6uZn - G o  LOW rra:: + M% 

High 

30 50 B+ (High) 
- 

a, 
'0 

B- (Low) 
C 
0 
a 

40 
'0 

2 30 

20 

Factor A Factor A 

fin" 2.6 nirnnnrruur%~rrdnnnr"rua 2 il74'tl ( ~ i i E u l d ~ r E t l i )  

20 

10 B* (High) 

Factor A Factor A 

a 4 0  

d~:ba~~~~ni~nnan~rruu~dnnaPTun nau7iu?unimnaa4ld"auniinis 

nmno4rruuiurra:fi41~ua~Liu?~u Interaction Effect ~ 4 ~ ~ ? l ~ d i ~ ~ ~ i n  ~ ~ ~ : b i f i l ~ l T n  

v 1 1 ~ i i l & ~ i n n 1 m n a o ~ ~ ~ u u ~ ~ u ~ ~ t l u ~ ~ i ~ ~ 1 u ~ ~ a : n 1 ~ n n a ~ ~ ~ a : : i l ~ 4 ' t l  &rriniinisa-rnu 

uam4 Interaction ' i l l ? ~ l ' L ~ % ~ ~ ? d ~ n ~ ~ l ~  



rrdnnaPsun ~ ~ u u u a a a n i s ~ o n r ~ u n n ~ o a ~ i u u ~ ~ d n n a ~ ~ u ~ ~ i i n ' ~  1n"rrri 

2.5.2.1 ni~oon~uuunimnna4r~arrdnno~unr~uu 2' (2"actorial 

Design) 

-.Ad 
n i s a a n u u u ~ % a ~ ~ d n n a e ~ u n ~ ~ n ~ i u i i ~ ~ ~ ~ m Z a  nsmnuil9Tu k 

ilqTu<~iidn:ilqiuds:naun"qu 2 szKu szKurudi%.aiqq:Liimqin%oI?nL5afiuim ~ d u  

$mu~G n,iu,i, tqsi u7ao i~~ : r ' im~ in~a~n r5aq~ iwn ' lm"  rdu mnjnqins u k n u ~ i u  

rmz~u 2 s:Kuus:rmun"qus:Ku "$au u;o " R i "  ao~ i l9 iuu%a~ u%nis -.ijv' u7a "lrjiin* 384 
W "  

i l~ iutu1n' lh vw'irnn~u'.ys6iius'unisaon~~uu dsznoun"quiecnGa2u 2 x 2 x 2 x . . .  x 
> 

2 = 2' i q n  Prunnisnanrruu<num~~ii n i s a o n ~ ~ ~ ~ n i ~ n n n o ~ ~ 5 a ~ ~ d n n o ~ n ~ ~ u u  2* 

lnumuu'iii 

2, n i s o n n u u u ~ ~ u r i u u ~ 5 ~ ~ u u ~ s d ( ~ o m p 1 e t e 1 y  Randomized) 

3, mu~'i~iur~u~nYun~iur3udn'ir3u~uaus'uln" 

2.5.2.2 ~ I ~ ~ ~ ~ L L U U L P ~ B ~ ? ~ L % J L L ~ A ~ ' ~ ~ ? M I ~ L L U U ~ O ~ ~ : ~ U  (TWO- 

Level Fractional Factorial Design) 





.. 
ad 

?£inlr~u~?~f9n.il~ (Response Surface Methodology, RSM) ~ f iun ls  
-ad4 

r ~ u r ~ u ~ n i ~ n n ~ n n i ~ n f i n w i 1 ~ n ~ ~ ~ a : : n i ~ a n n ~ u d s : : h . n ~ ~ a n i r a ~ i ~ r r u ~ 4 i a n ~ ~ a ~ n i r  
, , 

-4-4-4 

amri-fiflrgui lnounilpdl$unin'uuaionl?trds ~rn=ijinqdr=aq&$l=uiFiinnnn.anq .. 
uanauCu 

" " 
n"irsii i iuunii E ( y )  = f ( x , ,  x , )  = r]  KqCu uiaiuirn~~uul~unimo~f;uij~iio 

.. 
rr i1: :~uni i  " a u n i ~ u i j ? u n n a u  (Response Surface)" 

~uii?uannu'luysdLLuu.anqI:?ivi3n Tnui q =i=~nw~onn'ur-Kusloq xl 
a 4 8 " 

-4- a 
rm:: x2 r~oi~:i?u'lfiuoq@iiqaoqiuii?unnauTnnoqslu iqdni7:w;on~~ulnsdiiq 

r d d  . 
(Contour Plot) noqiu~u?uenau~drramd$i 2.8 ' l u n i s a $ i ~ ~ ~ u ~ n s d i i ~ <  Laununislaque 

no~ndi~:~n?inoiuus::uiu xl rra:: x2 ri~"ulnsdiiqrria:rWul::i;n?iu~q.aaqiu"uua 

nnuZrriin'uFiiuilq 



A,. 2 ui&ijhuln'~~a'i~idu~a'o~luo:uu ~n~zl+A~n'$un~uiu~~uniC.r~~nu 

~Siu nyu7uiiiC~fio~ 

-4 

?anifrii~.rfio.rljiou!~ (Least Square Method) r ~ u ~ n l ~ ~ + u l n ~ u n l o  
d 

d o = ~ i m d i & u d o z ~ n ~ n i o n m n o u d ~ ~ k l ~ ~ ~ ~ ~ ~ ~ o . r n ~ f n m n o u ~ ~ ~ ~ ~ . r ~ ~ u n ~ ~ ~  ¶.rQn 

~ i ~ i ~ ~ u n i ~ o z ~ i r r r d ~ n ~ n i j ~ m o ~ d ~ ~ ~  no~~~uui?ao.rwyuiu ~ ~ ~ ~ L A ~ I ~ I & . ~ ~ ? U ~ W O U  

2 2 - . J  2 A w l  
qzr'lmnu?iunuu~naii.rau ii.i~u'i~nmti~mufiiuionl~do:uiNfl~fiunmoul~o~i.r~no 

2 3 -2 4 
6J~unifiLAnzunuu?n~nfihqnuuiu~:mluiondo:ulNFil1~L~jiounlf~L~ol:~o:uu 

d 4 - f 
.9'r.rwniwonuuunifm~i.rw'uu?u~~ou~nii niooanuuunu'i?unmou ' (Response 

Surface Design) 



a ,  _a 
fiuuSi16aio.lniruir:Kuqaq x l .  x2 ... ., x k  ~q= i i l f i ~amsuun inn '~n  

2,. -4 2 6 ,  
~oluniun~q~~q:uui~~.1~4m~a.1~m x l .  X Z . .  .. . ~k nuniaa~a~%u~~ruuui .~dau (Panial 

Derivative) 

* 
~~a=qrt?rrn?m~uR'i%i X1 S ,  X2$ ..... Xk,s <i?muy& (Stationary 

8 u 

Point) ?muqm<.~ifiiuirnI%unir~~nu 

(3) ?naiuih (Saddle Point) 

* 
nri4lnwhq (Contour plot) ~ n a i u i i ~ ~ u i n l u n i f i ~ n n : 6 ~ u i j a u ~ n a ~  

* 
n i r 1 ~ ~ ~ d 6 ~ ~ ? ~ ~ i u ~ ~ f i ~ n r i d ~ n r ~ i i ~ ~ ~ ~ ~ u ~ j ? u ~ m a ~ ~ u u i ~ : ~ i 1 h r i u ~ ~ ~ 1 ~ ~ i ~ ~ a ~  

aaa 
~ u ~ a ~ ~ @ ~ ~ i L L ~ d . l ' d 0 . ] ~ m ~ ~ n ' ~ l i l ~ & d ~ l d ~ i ~ L ~ u ~ ?  ~ . ~ ~ r i a i ~ ~ i i i m a u ~ ~ r ~ n i . l n f i m ~ l f i m ~  



~ i u ~ u u i d i ~ ~ d ~ ~ a ~ ~ m u ~ m ~ . ~  (Statlonary Point) l ~ m u n i ~ r ~ ~ u ~ ~ u u ~ i n a . ~ i i i C ~ 8 a ~ ' I u ~ d  

~un?naiK& 

9 = & + x'b + x'Rx 

x =  

sym. 



2. ~ i ~ ~ i ~ i ~ ~ ~ ~ 7 ~ ~ ~ ~ ~ 7 i u ~ ~ d ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~  uuaz Lack of Fit 16 

dd - 2 2 
4. 6i. [~nisf1f1n~~uu~ueu6u (Order) ~asluaiuisoa~i.~slu~Aniuii~u 

l n u & ? ~  CCD q:dszneu&~u 2* n w h n o ~ u a i ~  n, Fu, 2' klu~~u?u~nulPSo - 
luuu?;dmi? (Star) L L R ~  n, i ud4n4u~na ia  n i s ~ u i s l o - a  CCD .[uni~dgund?uuinqz 

u'in$uqinnisnman4LuuuLiluGu~u d u ~ o  niseonu~uu 2" O n ~ i u i l i r ~ a ~ m i ~ u u 4 i a o ~  

6u~udu%a ~ ~ ~ ~ w u i i u u u i i a o ~ t ~ r i L u u i : a u d ~ : ~ ~ ~ o ~ a  6 4 ~ l d ~ 4 ~ l & ~ n i S ~ U n i S n W ~ f l 4  

~ ~ u l u ~ ~ u ~ ~ ~ n u ~ ~ o ~ i l f i m i u i s n l d w ~ ~  nsomsizn a ~ ~ u ~ ~ u u i i a n ~ ~ &  CCD r?huns 

n o n u u u d ~ d s z l n ~ n i w u i n l u n i s ~ ~ ~ ~ u ~ 4 i a ~ ~ G u K u ~ ~ o ~  ~ w i s i i ; ~ n o h J  2 K?lunis 

a n n ~ ~ u u ~ ~ z n " o ~ ~ n 6 i ~ u n  d u ~ o  szuzniq a a o ~ n i ~ k l u u u ~ ~ ~ n u q i n ? m ~ u u ' n ~ i 4 ~ o . ~ n i s  

e a n r r u u ~ ~ a z i i u ~ u s l o ~ ? n ~ u u ' n a i ~  n, 



GIlolJ; 2.1 ~iillf14 code level Iu Central composite design (2fl7Tfl) CE1.414  

Code level 

(Run no.) lY7qfl x, fl7<fl x, 

+ 1 + 1 



nlsldii 2.2 d19a;l code level lu Central cornposile design (3 i]7<u) U=1.682 

zdnplaod 

(Run no.) 

Code level 

fi7<u x, ihqu x, ?Ys<u x, 
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j ; m ~ n i s ~ u i n u ~ u i u ~ n ~ i ~ ~ ~ u n ~ ~ u a u ~ ~ ~ ~ u ~ u u ~ ~ ~ o u ~ a  (Cuboidal) 
d 

ununs=tflu~dnsqnau u n u  n~roonuuu6~unil Face-Centered Central 
A 4 "  

. . Cornpqsite u % , ~ a c ~ - ~ e n t e r  Cube i~ a =I ~~unsuu~nisu~q~ndsudszauna~~ qztflu 

n~roonutuu~~drdu.ariori~~uin n~roonuuudqaqamqq (Star) u%qaIuuu~ttnu (Axial) 

o ~ u y a ~ u ~ n a ~ ~ a o ~ u ~ ~ . a o ~ ~ ~ n u ~ a n '  fiuaadudd 2.11 dqu% k=3 nqroonttuu6lA 

p n ~ u i ~ a ' ~ ~ o ~ ~ ~ n n m n ~ ~ u u 6 6 0 ~ n ~ ~ ~ ~ u ~  3 s=Zu'~aoqtdazfl~<u~n'qtu ua=nistdiuu 

sz6uiuao~fl~<uri~lAu~nlun~~d~GA~u od~~L~m~uqz6oi04i~l?'i~ n ~ s ~ ~ n t ~ u u d ~  

aiuqsauyulA 

di 2.1 1 nqroonuuu Face-Centered hudzaunaw d'luh k=3 

niroonuuu Face-Centered Cube W6o~n~rliiqmquCnai~~fluiiu~uuin 
a - tuj;uofu c c D  @nsqnau luniqdgum n,=2 q z w o ~ ~ ~ ~ ~ = ~ ~ ~ ~ n ~ ~ u u d s d ~ u ' Y a o ~ n ~ s  

w u ~ n s G o ~ l u s z ~ u ~ ~ n ~ ~ a u ~ ~ ~ ~ n o ~ n ~ ~ o n ~ ~ u u  lGiqlW7 uqan!~nqs~tn&oGd<m 
3 

qu(ina~q~~uiqu~uuqnnu tda~qin6oio.ln~s1G~~dr=u~~nn.1n~~u'iana~aaoanqmmao~ 

tiluiunu~ul6 

* r. A, 
r j ' ; o I a ' n ~ s o o n r ~ u u ~ ~ ~ u a ~ o u  riou~s~nu~1qquiqtflu~~sq~=6oi~~~~qs~q 

a 
o~nqrn~onrdo;7~hudsounqu &tn&nnqroanuuui;'u~quamouiq ba~~a~nrruu 

uijon (Block Orthogonal) 



nb X .  X .  = 0 Cu=l lu JU i f  j =0 ,  1. .... kforall 

CzE,xiZ, -- nb 
i = 0 .  I .  .... kforall 

- N 

niudn~nimon~~uudauds:munai~ l : e n m ~ i ~ ' l u ' u ~ m n ~ ~ ~ u ~ ~ ~ ~ ~ ~ i ~ ~ ' l ~ d  2 

uGmnl&m&a lnuuGon~rrnds:nau&x n, ?n~~dnPTi?cla rauKu n,, ?m$uGnai~ ~~a:uGanG 

I ~ ? I J ~ ~ ~ I u ~ ? u  n, = 2k qn'luuuarrnusaurii. n,, y p f i n a i ~  i n u ~ u r r t n i i u ~ u u ~ o n L L u ~  
w' .A r3&ainq:haqr?nnq15 l f i j i  a ~ ' l f l u n ~ r n ~ a o ~ ~ : ~ ~ u ~ v i i l ~ i i n i u  L ~ S I F ~ J ~ ~ ~ J M ' O ~ ~ P ~  

6QJ 



nisoanrruu Central composite ril~nisaanrruu$Sn~iu~mu~uuin~u&~u 

.n?iuniuisn'lunisii'lU"~'inui8n fii k f ;di ' lu~na d?uva~~~dnna~uava~n imnnr ruuq~ 

n iu isn~nrru~nonr~u 2 uianu%u7nn4~lm" (~iu?u.an~uZanrrdnnaPsu~~zha~f;di~ilu 

fii~qnnq~nu$~?~urru7rrnu7zii1firiinu~an<uudquijan m i s i d  2.4 rrnnqnis<nnis 

u i a n ~ ~ i n u l ~ i i u ~ n i s n n n ~ ~ ~ u d ~ u d s z ~ u n a i ~  



m i m i  2.4 ni4aan~tuudauds:aunaiq ~ a i ~ i s n u ~ u l ~ u " w ~ ~ a u u ~ u l n " ~ i ; ~ ~ ~ n  
w 

~ ~ u u d & ~ i n  (in) 

I Values of a I I I I I 

k 

Total number of po~nts in the axial block 

Total number of po~nts N in the design 

2 

7 

14 

Orthogonal blocking 

Rotatability 

1.4142 

1.4142 

5 

14 

54 

3 4 

8 

20 

1.6330 

1.6818 

10 

30 

2.0000 

2.0000 

2.3664 1 
2.37841 



2.7.1 n i o ~ ~ n n = t i n ~ i u r r d d m  (Analysis of Variance, ANOVA) 



Yijk = p +7'j + Nk + TNjk ...+ Eijk 

eunis Y L~YU ~ i i u u ~ i ~ n f i m n i e n k o ~ n l m m a a ~ ~ ~ 1 m " ~ i n n i 4 i n ~ s r  

naiu~rdsr?ldaanrflud716 l ~ i u ~ u i a n ~ i i ~ ~ ~ ~ ~ i ~ ~ ~ i i m r \ a i u r i ~ s ~ u  

~in~drruu.o'i l~ Y nis~inn: t inr~dl~munlsul~uimn' i l4nalu~~d~~un~~ 

~ ~ i u ' L ~ ~ d ~ ' i l ~ ~ a u a n i i i I $ ~ a ' i l ~  (sum 01 Square) if;uu5unuililaa~n~iuijmwaim~~uu~u'Lu 

fin'il~wauan61kaoa i~'il~~irmii~auin.o'il~naiuLidsCu.o'ilJil~iuEu 1 ji6u416rgmia --- 
aonn'~:unu~ua'iil~iutu1 d ~ n ~ w a d ~ i ~ f i ~ ~ m n a i , u ~ ~ d r ~ ~ ~ u ~ a ~ a ~ ' r a  1 llilu'L#niiEIunir 

nmaauA'il6aaiiZ F CnuG 



L~une,ppnL+i anleh 

-d Ly s~iFpzeii 1) LpUULn anleA-d Ly U$~~~L~~NKBIIJKBR=~~~~ nyRBZn1 Al!l!CIeClo~d 

O~~EL ~~nfl~hgnn~sBl~p~5,n~$~1~~s~u~~pn::s~~iiwi~~n~nn~~n~i~~ 13 ncp mcn~y P 

SLUUL~~~E~ ~l!l!qeq0~d~~~(lenl3v)~s_b~~~~ anle~-d ;nq 13 nyharp~g:bn anleA - d 
P 

LV ( anlw-d ) anw h!~!qeqo~d L~URFLSI s!saq)odAq llnN s~~pasgtn_snanuon:cuw.u P P 

b~~pn_~ny=s~~lenn~~s~upr~ ~~_~npqn,~n~bgnn~ rUpoLnn sur[ipu8~gzsn rcbnEi 
a 

n~e"gnms rynLnn n$rionub~y sBlFpos_~~~onu82b (s!saq~odAq ~ln~)u$nn~g~rtnb? 

By blRMt'B R~~L~"~~~KMROMWU&LU~~~~BLLUPB~@~~~ p\L$RVI 
P P a ? 



2.7.4 ~ I ~ ~ L ~ ~ I : ~ ~ ~ I ~ ~ ~ I ~ L A ~ ~ ~  (Residual Analysis) 

d7n?uniriilnwtn'iw~~~.~ilqiu 2 i17qu ~~a:uaqinnimmmn~~n%wniau 
,a- 

wuii'luunnswniaur:nii4 2 ilqiu$u %LZUUK~LLUU~~~ESI~J n~rnmnnJ<&bj~~n;wa 

isu i;o 

$8 y,, ze dinj~~lrnnumun~nioKa~~drmiu 

2.7.5 ~ I ~ ~ L ~ ~ ~ Q U ~ ~ I U ~ ~ ~ ~ ~ I ~ L L U U ~ U ~  (Paired Dtfference Tests M?O 

Paired I-Test) 

nisnnw~uflsiurmnil4l~uuiu~ (Paired Difference Tests n%I Palred t- 

Test) L ~ ~ n i ~ ~ f i ~ U ~ ~ i ~ L L ~ n ~ i ~ ~ B Q d i L ~ ~ U ~ : : M ~ i 4 ~ ~ ~ d i 4  2 n~u~i%" i )~nKs; )~~i~~ ' l .a"  

nnsouijna7u5uuu ~~naiu5~Gu5K4niia~'i(il~in~6aunnn'i]~ (Experimental unit) 
4 ~SusKu ~~iinir;imdi.ae4%eyn 2 n& ~.du n~stfiuu~~uussvrnnis::nimplmeuiii~nia 



1;uu6i H,: d ? L ~ ~ u n a ~ m 8 . 1 n ~ u d ~ ~ ~ i n s ~ i n n d i ~ ~ u  H,: p, # 0 



u 

~iuP?<u~lj~m~~uuiu~unisd~udq~nTtuauniswijm¶~~nie~nstningn~ndn 

d ~ u d s ~ u s 4 L ~ u m n i u a a ~ n i o ~ n T t m i n g n ~ n ~ ~ ~ ~ u u a = n m n i s ~ Q L ~ u ~ s ~ L i u ~ n i u ~ ~ ~ a u  

$qm 1mu'l.m'~~uania.ao~ni~aon~~uuni?nmno~6u~~o~uiqinijilq~u$~wanstnudo~~s~dun 

niu~aiuilq91o ~~~d"9~2~ in isd i~~nn isn i~a^o~nn:n isoon~~uun i~nmna~u id~ :~nn"~ .a"  
-4- 

luni~dFudqqnszuauniswZm ~~o8nmilq<u~uan7wnd.ilru~~~umniuslo~nde~ns=miu 
--" gndn waljwhnqnisnmao~ zo miuisnfii~um~ii~'il~s:~u~o~L~da:ilq<un'uuuii~~$ 

d~uad.ildiusa~~umniusla~nio~ns:mingn~n kul~~ni~oonuuunisnmae~rruu 2"" 

Fraction Factorial design Resolution IV ~ ~ a ~ u ~ ~ ~ i n n i s d ~ u d ~ ~ n s t u a u n i s w ~ m  i j f i u i w  
- 1  

~ ~ 4 l ~ ~ L t l R ~ l d L ~ ~ l ~  11.20 DPPM L L ~ : A ~ l ~ ~ l ~ l ~ ~ ¶ ~ J n ~ ~ ~ ~ ~ n l ~  (Cpk) i j h l l n l h  1.34 



~iu5.3uoonrruunisnmsa~rrdsnnia~'Lunirliunir~n~e~'iaPmudr::nn"la'u~nnis 

aanrruudun?snouPwtnPr~nni~On (Central Compos~te Rotatable. CCR) rrn:r~on'L+nir 
* - -4 a ~ ~ ~ I Z < U ' ~ R P ~ ~ ? ~ ~ ~ ' ~ ~ W B U ~ ~ D J ( R ~ S ~ O ~ ~ ~  surface Methodology. RSM) ii1flm"nunis 

* 
~ui j?n~unua4~mm~n?iu~u~u~s~r=u~ i~~~~~ 'Lun i ruu~unuu~d~nnmeuauosa~~  

utnfimn'ds=naurr~4~w.iln~r~u ~ ~ ~ i n n i r ~ n u i ~ n ~ w ~ a ~ ~ f l ~ < u ' L u n i s r i u ~ ~ ~ m " ~ r r i  - - $ w ~ ~ E i n i r ~ u  s=u=?nilunir~iu ~~s=fiuiwnriun$l%~3unirr~ur~d~$i;d~nuumr~~nn 

wuiiaosutmfimn'ds~no~~~dqZw~n?~s9ui~u ru q w ~ ~ E G e q  (31%) q=ijnai~niuirn'Lu 

~ I ? % u ? ~ ~ s z L L ~ ~  (impact strength) L L R = ~ ? ~ ~ ? I U R ~ U ~ L ~ # L L ~ ~  (fracture toughness) $4 

'Lu~m=~n?iuni~~ro'Lunis~ur~nm (cornpresswe strength) hinjirij'oLiiu~Kunirrdo 

r~uu~un i r?ur r r~nmKu~~~u~mf imn 'd r~nou~~~~  i ~ u  m qwu~ f$  (9goC) nisrkul?ni 

'LunisLiuq=.li?u'L6?mnuuT'Lunir~urrrqnn8$u d?unir'Ldnriur<or3ueirtiuu~.1~~~n"~ 

undonir~urrr~nmrrii'LnQn r rdnCu iao~~wk~ iun i r~ rnn  (fracture energy) sle4wGnfim6 
I 

d s ~ n a u u d s ~ w e n ~ r r % u ~ 4 v u u i n ~ ~ a w ~ ~ ~ u a ~ u ~ i i ' L ~ ~ u ~ ~ ' L u n i s ? u ~ ~ r ~ n m ~ ~ ~ z ~ ~ r ~  - - ns=rmn~ms~rR'n6~u u~~ inn i r5msi~<r~nm~' iGt f iu i i  rr~n=~uumr¶4nn7=i;dni?::t; 

aui~nu'luniniuqt.rmnSii~nlldeonld utne~m6dr~neuiid4lw.iln?~r~u~d7=ijqmm~uT 

~a~nn~mus?uziqmrdn~ui 31 oc uiu 56 2 iaPu.1 da,ir~u~ani~uiuiuiqn'~u~iu"?~u Pnu 

Idnsiu 23-25% nu~r%snninnnsuin~grn ru nnia=niruu% 'lm"rr" n?iun?~?so'Lunis?u 
a d 

rrrqnn &nmm 24.2% odi4lsn'niu uu?~&a~~n?iuniUisn'Lunir?utrrsnnqzrku;uen 

~~ar$ur?nihni r~uo. i ln '~"on 



~iu5<u;TnQdr=aqniiannnaiuLLdrdraunoq~7uCnnr=niarnrm 75 g/m2 Omu 

riouni~~ud?anoqiiu~nuimr~iunr=miw~o 1.98 g/m2 ~~~=~nia~aur rnu=~uaoq 

nr=uaunirZo 0.71 ~ m u l 4 r n n ~ ~ n i f i ~ n ~ ~ u ' n a i u ~ ~ d d r a u ~ d o ~ i n i l ~ < u  2 i l ~ 7 u  (TWO 

Factor Analysis of Variance) un~~6wuiinaiurrmndi~no~~iuCnuimr~iu1u~~uamiuuia 
a 

~n~odrra=hrruamiuna~~~n%~o~i i~ i jCudiK~ noil~<unia6iuuuaniuaai~~~~'i l~ij  
v 

unnr:nuiodiuCnuimr;iuu7nnii un=unao~5unrZuir~uii~il~<ulu~~uamiuuia~~nz 

rruaniunai~lu'ijuaio$iuCnuim~iu 

A.L.D. Skury, G.S. bobrovnitchii, S.N. Monteiro (2004) 

unnai i lnn ' ia ' i~nir5~nr iz~nirdrzqnm"La"n~r~~~u~~n~uno~B; i~ lunir r i i~war1d 

u?qn$iruui=au riorr~~uidqri'ildu~urwar Cmul4n i roonr ruun i rn~no~~~~ 

ndnnoGun (Experiment factorial design) L L a z ~ ~ n i r i u i j a n o u  (Response surface 

methodology) ~ m u i j i l q < t ~ i ~ r ~ w i  4 ils<u6au~u :o WrmnPaouIumu (KNO,) CdrrmnGou 

~ 3 ~ r o n l a 6 ( ~ 0 ~ )  pnduqijrm:l?ni i j~an.nrr8uKar~drunmou ~ ~ ~ i n n i m n n . i l ~ w u i i f l i i  

6iiqmqinnimmnoq'ie dqnauQij 475 oc rani 70 ui? iiuauOdrrnariiuulumu (KNO,) 

r r i i r k  142.5 nTu rrw=4iuauOd~m~~"auuI~m~nI.nn'(~0~) rriiKu 244 n?u 



3.1.1 n l o n m n e a t i o ~ n a l d n ~ w ~ u ~ n  (Main Etfect) un=tnfwni?u 

(Interaction) ~da~~da~~~i~&unea~u~~~d~uu"~dunoa'lnn"n'udoun~i 23 !unreu ynu 
A*" 

~ 1 5 8 ~ ~ U ~ U ~ I T n ~ A ~ 4 L L Y U  Response Surface ~ i e ~ i ~ ~ i u ~ ~ l n n u u u d i 6 n J ~ d ~ n ~ i ~ ~ o u i  

r=~uiaui=nu 

3.1.2 ~ I ~ ~ A ~ ~ L ~ ~ A U H I T ~ ~ ~ ~ Y I ~ ~ ~ ' ) L ~ S ~ L H ~ I ~ W U  (Response Optimizer) 
* 

rtn=~nailuEsnounuaa~'i].~ i'a~tdr (Response Surface Methodology) 



~ ~ o ~ ~ i n ~ ~ a ~ l u n ~ ~ m ~ A u ~ ~ a : ~ ~ a i l u ' ~ ~ i u i o u ~ ~ r i ~ ~ u  iin?iu5u%us'n'u 
2 

n?iu&n (Viscosity) ~ ~ ~ ~ u ~ m a u u ~ ~ 6 ~ 6 ~ o d i ~ u i n ' 1 u n r : : u ? u n 1 ~ ~ 1 u ~ d  niu& 3.1 

I I -- . 
ns: ul~rnls  a 8air711 
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?UI$ 

il76 

iaaibdnio$m (Injection time) 

i ? a l ~ u n i o ~ ~ ~ 1 a l ~ h u i o ~ u ( ~ a b l e t  

preheat time) 

iir~$m (Injection force) 

r:Ku 

7 12 

-- 

1.5 1.6 1.7 
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lnjectlon time Tablet preheat time Injection force 

A 0 C 
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2. ruj~u~ii~inrMijndq1uqiu~suu1'11Luj~uidutm.a7u1~Z.aMum 28 <u~un~s%~ 
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4d 1 ~ ? 4  ~ A U ~ ~ ~ Z U O ~ $ A ( P O ~ ) ~ ~ H ~ ~ A  7 ' ~ U U I A  14.6 ~ ~ R ~ L u L ~ s  L L R Z ~ L L ~ U ? ~ A  

* 
(Plunger) nj~um 7 {U nuim 14 fiaztllms&$ 





1. ~ i ~ l ~ ~ l l d ~ R j 4 D ~  UV ~ ~ ~ ~ l ~ ? l ~ d : ~ l i ? ~ ~ 1 ~ d ( ~ h i ~ )  ~ ~ U i i R ? l u ~ : ~ l 6 1  

~~wi=E?uuno4Pd (Chip) 

4. iiiuumdi ~ ? f i l ~ ~ ~ l ~ ~ ( l n j e c t i o n  time). ~ ~ f i l ~ u n i 0 ~ ~ m ? i u ~ o u u n ' ~ f i ~  

(Tablet preheat time) ~ ~ : L L ~ J ~ n l ~ ~ ( l n j e ~ t i ~ n  pressure) mlu~10l~n$ 3.2 

5. r j i u ~ ~ d i i l ~ G ~ ~ ~ m ~ ? " ~ ~ w i ~ i ~ n "  3.3 



1 ~?ai ' lunimu(~ure time) 1 5u1; 1 50 1 

~ u ~ n m  (Clamp force) 

i l r a d ~ ? i ~ ~ ~ % u ( ~ a b l e t  position) 

1.2 qmniw¶o~nis?i~r8uno~ ~ ~ i r m i ~ i n a n i w n i s ~ m r n i : ~ f l ~ ? ~ d i ~ d  

(Chip) ~ o i 8 u n o ~ ~ ' i l ~ ~ ~ q R 7 1 n i j ? ~ ~ i % d u " r a ~ i n ¶ i  r~a :&o~\ i i j r f ld~  
* 

e n d s n o ~ ~ u n a i ~ ~ ~ ~ a i ~ ~ ~ u n o . ~ ~ ~ a : % d u ~ o ~ i  

2. ~inisns?~anu?mniw~iuriouu~J~%i~ns:u?unis~u@m"?un6o~~u~nsa~nd 
" 

- - 4  6~~?1i<~j.19luiu 20 rni PnuG~~smiqnaeuunn~u 

l.7~ 

mm 

75 

17 



3.7 n ? ~ n ~ a ~ ~ e u ~ r u s ~ u m e ~ n ' a a s ~ f  e4 X-ray 

m u d  iinirnr?laou?~iwL&no.]niutum"?u~ndTo.] X-ray ~nu~~irndi~ndauunm.]~ 
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time 
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Tablet preheat 
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Injection force ~ = u : G I J Y ~ J L ~ % u ~ . ~ ~ ~  
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'lunsou 
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Normal Probability Plot ¶o~%acaPi7~:u:d?q¶a~rWunoq bi.1& 4.1 

Norrnal Probability Plot of the Residuals 
(response is Wire qap(Hicron)) 

fli 4.1 Normal Probability Plot %~$~%~n'77:fl:d743UaL&~n84 
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Residuals Versus the Order of the Data 
(response is Wire gap(Miuon)) 

I Observation Order 1 

;dd 4.2 naiu&x%ug Residual ~ 1 o ~ ~ o y ~ 1 ~ 1 ~ r ~ r ~ l ~ n o a ~ & u n o ~ ~ u i i ~ u n i s ~ ) m a a ~  

q i n d q r r 4 u i i  nr idno.~ Residual Ljd~d~~uurr~uouu?oijnirnrr~~nrr71u 

[L~L)IQ<I KayaiButnsrdoKu 

GI Residual ~o~$a;awKamKu Fit value r i iaCf l? iu&~lds '  

~ Z U < I ~  Residual ~mun?iu&u%ugmd Residual ~ d ~ n ~ ~ l d ~ n a ~ n i s ~ ~ d i u ? a ~ a o n  rurkz 

q d ~ ~ u u d r i n r ~ ' L i i ~ 4 u  u a a a i i  4 o ~ n ~ ~ a i u ~ ~ i ~ a u 0 n ~ ~ n i s n ~ ~ ~ i u ~ ~ ' 1 1 o ~ ~ ' i l ~ a  i'qedd 4.3 



Residuals Versus the Fitted Values 
(respome is Wire gap(Miin)) 

d 4.3 d l  Residual {U Fit value aoa~a~adif~~1ziia~oa~~unoa 

10' 

5- 

5 0 
a 
?i 
2 -5- 

-10- 

-15- 

qinEdd 4.3 ~ i n n i s ~ ~ i s ( l d i d 1  Residual ua: Fit value WU~I ns id l r j i i  

5 n n ~ = a o ~ n i s ~ ~ % i u i o ~ o o n  ~~at.lrjijqd~~uudsingld~Gu uawaii 4oyaljn~iut&iuauo 

sloanisnszqiuK?ao~$o%a 

. . . . . . 
0 .  : :  . . .- - . - - . .* . . . . . . . . 

. 

I 1 Constant I 38.2102 1 1.4920 1 25.610 1 0.000 1 

0 10 20 30 40 50 
W e d  Value 



I A'A 1 -6.6345 1 0.9637 1 -6.885 1 0.000 1 
1 i1&1 Coef I SE ~ o e f  / d l  T 

B'B -6.2809 0.9637 -6.518 0.000 1 

dl P I 

A' B 

A'C 

B'C 

-3.5625 

-0.5625 

0.6875 

1.2934 

1.2934 

1.2934 

-2.754 

-9.435 

0.532 

0.010 

0.667 

0.599 



1 A'B I -0.395833 I 
I 



t u i a n i a : d ~ u u ~ m u a . i l ~ n s ~ ~ a u n i ~ ~ ~ ~ ~ d ~ ~ n ~ ~ ~ ~ u ~  TmuGqionai 
v u 

r i i r r u : u i ~ a o ~ ~ & u n o a K ~ ~ ~ ~  23 b ~ ~ r o d r d W  Twulrii;.iiounwin~na~~naauuTni~ 
2-A 

niuniw ~inni~l i~nsi :vTrnn~ response optimizer ( L F ~ O Q S O M ~ A ~ ~ ~ ~ ~ ~ )  IuTdr~~nru 

d i 1 " ~ ~ w u i i a i u i t n ~ 1 ~ l a ~ i u ~ d ~  4.4 ui~~uni~ds=~ijudis=urd7aaa~~duna.1 m 

w 1 ~ 1 ~ ~ ~ ~ 1 T r F i l G i l q  1; 

lnjestio Tablet p lnjectio "" Hi 1 1;:4? 17.0454 1.8682 
Cw 

0.57753 L, 4.9546 19 Ol 
6.9546 

(1 701 
1.5318 
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n ? ~ u l % u ~ ~ ~ d ~ r : u t i i ~ ~ a ~ ~ & u n ~ ~ ~ i m ~ & ~ i n ~ n ~ a  x-ray (cia) 



~ i n n i ~ m r ? ~ n 8 u ~ ? i u ~ ~ z j u d i ~ 8 ~ ~ u n 1 r ~ ? l u d u ~ u ~  WU<I F~IS:UZ%~IJ 

u . i l ~ ~ ~ u n o ~ ~ ~ t i l ~ n n u n ~ r n ~ i u ~ u ~ u ~ ~ ~ l ~ ~ u ~ n ~ n ~ n ~ o u q i n ~ i ~ s z o z v i ~ ~ ~ o ~ ~ ~ u n ~ ~ d ~ ~  

q inn i f im"?o~n?8J X-ray d r z u i m  21.037% ~ d i i 8 ~ i ~ i 3 ~ d l ~ ~ 1 u l r n ~ 8 u ~ ~ 1 m "  



4.7 ~ I S ~ ~ ~ ~ U R ? I ~ ~ ~ R ~ ~ I ~ U U U ~ U ~  (Paired Difference Tests W% Paired t-Test) 
- r  4 -  

J ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ W ~ A A D L ~ ~ ? ~ U L L R ~ ~ ~ J V D J F ~ ~ L P ~ ~ ~ ~ U ~ ~ J ~ ? D ~ ~ J  2 n$JL&%€lI?R 

6 ~ ~ d i ~ d 1 ~ n m s o u u " n ~ i u ~ u ~ u ~ ~ u  ~ 4 %  





H,: p, = k M - b  pD = 0 

H,: H,: p1 # p2 v70 pD # 0 

P P I U ~ I % = ~ U ~ E ~ ~ I ~ Q  0.05 

~innis;j~nsi=~uirnnionmao~&~~Pdt~~nsu~iPngd 1&uaniuni4ri4i 4.8 

GIisi4; 4.8 U L ~ ~ ~ ~ ~ U ~ ~ I ~ P ? L A ~ I = ~  Pair t-Test 

unnisnflaaun~iu~~nndia~~uu~ujs=~ii~unnisnmno~un=aunis 

1. ~ 9 1 0 n d l ~ - ~ a l u e  ~ i ~ ~ i r n n i ~ ~ P I ~ ' i ] ~ W ~ ~ i d 7  P-Value ~ v i i i h  0.347 %4 

u i n n i i  a (0.05) " ~ U ~ ~ F U ~ U U ~ Z I U  H,: pl = k % ~ ~ u i ~ l ~ ~ i ~ i i ~ ; i L a i ~ ' ~ ~ a ~ u i r n n i s  

n ~ l n a ~ ~ r i i ~ u f l i ~ a Z ~ ~ a ~ u n ~ i n a u n i s  

2. i t ~ i s n d i u T ~ 9 n d ~ n q ~  ~ i n u ~ n i m m a ' i l ~ n ~ i i  T-Value i~&~inn is i i iu ' lnd~r i ' i ]~  
A 

n 4 4 ~ 1 8 ~ 1 k ~ ~ ~ ~ y g i ~  H,: p, = p2 i ~ ~ u i ~ n ~ i u i i ~ ; i ~ a i ~ a ' i ] ~ u n n i s  

n n n ' i l ~ ~ r i i ~ u F ; i ~ a ~ ~ ~ ' i l ~ u n ~ i n a u n i s  
, , , m 

3. i ~ i s n d i 9 i s ~ n ? i u ~ ~ a G u  ~inunnimna' i ]uwu9i~~n~iu~~arJu 95% dirrFu pdnd 

1~9is;l inseun~u o " l ~mu~uauu~~ iu  H,. pl = p2~+'il pD = o i ~ ~ u i ~ n q i u i i  

d i ~ a ~ ~ ~ l ' i l . ~ u ~ n i s n ~ ~ ' i l ~ ~ n i h d i ~ a ~ 0 1 ~ 4 u n ~ i n a u n i s  

undi4 (d,= x, -y,) 

Run 

40 

SE Mean 

0.867318 

I 
Mean 

-0.825000 

StDev 

5.485400 



4.7.2 ~ ~ S ~ A & U R ? ~ ~ ~ ~ ~ ~ ~ J I I U U ~ U ~ ~ U ~ ? J ~ ? S ~ A ~ B J R ~ J ~  1 ua:: 2 
" " " 

P" -4 " 0  " " 4  

~ i j , a ~ ~ ~ n ~ i u ~ ~ t l u l m n ~ n i t n ~ n a ~ i i  2 nhGia 1 E4'anirnmsaq m~uuq~6a~Gin i r  

n m a a u n ~ i u u n n s i i ~ ~ ~ u u ~ u ~ ~ r : ~ i i ~ n i m n s a ~ n F ~ d  1 un:: 2 

v 8 " 3 

Run I nirnmao.rnFdC 1 1 nisnmno~nkti 2 1 Aiu~Giiq 
I 



H,: p, = p2 U% p,, = 0 

H,: H,: p, Z CI, U7B pD Z 0 

k u l u ' r r K u u  0.05 

~ 7 n n i r ' i ~ n r 7 : h n n i r n ~ ~ o ~ m ' ? u ~ d r ~ ~ n r u d i ~ ~ d  im'uaniurn74ri44 4.10 

n i r i 4 ~  4.10 ~rm~4uan7r5~nri::fi Pair t-Test 

undia  (d,= X, -yi) 

Run 

20 

Mean 

-1 .I500 

StDev 

4.25843 

SE Mean 
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n i ~ u u ~ n  n-I u n n i r ~ ~ ~ n ~ ~ ~ m ~ n s t . u r r i i r u a r ~ ~ u n m r  

Response Surface Regression: Wire gap versus lnjection time. Tablet preheat time 

and lnjection pressure 

The analysis was done using coded units. 

Estimated Regress~on Coefficients for Wire gap 

Term 

Constant 

lnjectlon time 

Tablet preheat time 

lnjection pressure 

lnjection time'lnjection time 

Tablet preheat time* 

Tablet preheat time 

lnjection pressure' 

lnjection pressure 

lnjection time'Tablet preheat time 

lnjection time'lnjection pressure 

Tablet preheat time' 

lnjection pressure 

Coef 

38.2102 

13.1452 

-7.3772 

-2.0319 

-6.6345 

-6.2809 

SE Coef 

1.4920 

0.9899 

0.9899 

0.9899 

0.9637 

0.9637 

Analysis of Variance for Wire gap 



Source 

Regression 

Linear 

Square 

Interaction 

Residual Error 

Lack-of-Fit 

Pure Error 

Total 

Seq SS AdjSS Adj MS F P 

8833.0 8833.0 981.44 36.67 0.000 

6319.0 6319.0 2106.32 78.69 0.000 

2298.4 2298.4 766.12 28.62 0.000 

215.7 215.7 71.90 2.69 0.064 

803.0 803.0 26.77 

193.7 193.7 38.74 1.59 0.199 

609.3 609.3 24.37 

9636.0 

The analysis was done using coded unit. 

Estimated Regression Coefficients for Wire gap 

Term 

Constant 

Injection time 

Tablet preheat time 

lnjection pressure 

lnjection time'lnjection time 

Tablet preheat time' 

Tablet preheat time 

lnjection pressure* 

lnjection pressure 

lnjection time'Tablet preheat time 

Coef 

38.21 0 

13.145 

-7.377 

-2.032 

-6.634 

-6.281 

SE Coef 

1.4559 

0.9660 

0.9660 

0.9660 

0.9404 

0.9404 

Estimated Regression Coefficients for Wire gap using data in uncoded units 



Term 

Constant 

lnjection time 

Tablet preheat time 

lnjection pressure 

lnjection time'lnjection time 

Tablet preheat time' 

Tablet preheat time 

lnjection pressure' 

lnjection pressure 

lnjection time'Tablet preheat time 

Coei 

-1058.86 

23.8750 

18.2484 

1033.32 

-0.7371 62 

-0.697879 

ninuuan n-2 u a n i ~ ~ ~ n ~ ~ t ' d Y ' ~ ~ n ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ u ~ ' i l u ~ ~ ~ ~ i ~ ~ a n i ~ ~ ~ r l n ~ ~ ~ n ~  

sun15 

u n n i 5 5 ~ n 5 i r d  Paired-T Test 

Paired T-Test and CI: 1st time. 2nd time 

Paired T for 1st time - 2nd time 

N Mean StDev SE Mean 

1st time 20 26.7000 15.2561 3.41 14 

2nd time 20 27.8500 16.5443 3.6994 

Difference 20 -1.15000 4.25843 0.95221 

95% CI for mean difference: (-3.14301.0.84301) 

T-Test of mean difference = 0 (vs not = 0): T-Value = -1.21 P-Value = 0.2 
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LLR= 2 

U ~ ~ l 5 ~ b f l s l ~ d  Paired-T Test 

Paired T-Test and CI: 1st time, 2nd time 

Paired T for 1 st time - 2nd time 

N Mean StDev SE Mean 

1st time 20 26.7000 15.2561 3.41 14 

2nd time 20 27.8500 16.5443 3.6994 

Difference 20 -1.1 5000 4.25843 0.95221 

95% CI for mean difference: (-3.14301. 0.84301) 

T-Test of mean difference = 0 (vs not = 0): T-Value = -1.21 P-Value = 0.2 
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