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ABSTRACT 

TITLE : THE DEVELOPMENT OF INFRARED RADIATION IN DISINFEST A TIONS 

OF THE ORGANIC KHAO DA WK MALI RICE lOS 

BY : WITHA Y A INSORN 

DEGREE : DOCTOR OF PHILOSOPHY 

MAJOR : INDUSTRIAL ENGINEERING 

CHAIR : ASST. PROF. SUKANGKANA LEE, Ph.D. 

KEYWORDS : ORGANIC KHAO DA WK MALI RICE lOS I INFRARED RADIATION I 

ANALYTIC HIERARCHY PROCESS I DESIGN OF EXPERIMENTAL I 

QUALITY FUNCTION DEPLOYMENT 

The aim of this research was to develop the application of infrared radiation in 

disinfestations of insects in Organic khao dawk mali rice 105. Scope of this research was to 

designing an Infrared radiation machine to get rid of Rice weevils in rice including to analysis the 

payback period of the infrared radiation prototype machine. The design of the prototype machine 

stated with interview the enterprise in order to gain the assignments and requirement for this 

prototype machine. Collected data was analyzed using the analytical hierarchy process (AHP). 

It was found that the most important assignment was the infrared radiation machine must be o 
conveyor belt system. After that the technical qualified functional deployment (QFD) was used to 

analyzed the customer's needs. All needs were grouped and used in the questionnaires in order to 

assess priority of requirement. It was found that the satisfaction in the prior product and after 

improved were 3.76 and 4.46, respectively. The cost of the developed machine was slightly 

increased. The infrared radiation prototype machine has 2 infrared bulbs with a belt conveyer 

system. The experimental design of disinfestations in Organic khao dawk mali rice 105 using 

Box Behnken Design with 27 experiments, 2 repeats. There were 4factors including temperature, 

the height between the bulb and rice layer, the thickness of rice on the belt and the inverter 

frequency. It was found that the optimal condition within 100 centimeter of belt was the 

o temperature of infrared wave of 85°C, the height between the bults and rice was IS centimeter, 



c 

,-
the rice thickness on the belt was 1 centimeter inverter frequency was 27.5 Hz. and, the efficiency 

of disinfestations of rice weevils was 100% within 1.33 minutes and after radiation. 

After radiation, rice was not crack due to the heat of radiation. The physical qualities of rice still 

have value within standard. For chemical quality, it was found that after radiation amount of 

protein and fat was slightly out of standard value, while carbohydrate, fiber and ashes were within 

the standard value. The quality of cooked rice after radiation was found that the amounts of 

amylase increased. The stability of rice was in medium level and the elongation and aromatic 

smell of cooked rice remain unchanged. The payback period of infrared radiation machine was 

1 year and 2 months. The cost of using infrared in disinfestations was 1.65 bahts/kilogram. 
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365 n1 tlflllJIOitJ H t'\J\9l.fllfl\91:::1uvvmiiv-31'11UV tr!'UU'H 

(ml.lm'Ifi'1mviu, 2547) 

1 v'\i' v fllJ:::il t 1:1 u iJ VlJlJtJ fl tiu mn t fl-31l1fl'Yl u 9i mw m m ff trH' ft' -3 .. 
f1v 105 trlu'\i'11 . .. . 



,.I"" • ,- w 
(I'IU) 

1.1 fl Jr. 2551 - ll.ff. 2554 

2.800.000,000 
2,631,133,371 

2,600,000,000 2,515,929,410 

2,400,000,000 
2,358,229,776 2,358,958,499 

2,200,000,000 

1.12551 i12ss2 u2553 iJ 2554 

I 

.fll'Vtfl 1.1 VUl'. 2551- VUl'. 2554 

( n'il m1 Ln'l:lfl1 1 2555) 

70,000,000,000 

65,000,000,000 
60,281,852,184 

60,000,000,000 

55,000.000,000 

il2551 

I 

Ulltiun·ui u1on (u m) 

il ft.fl. 2551- l1.tl. 2554 

68,577,665,341 

.63,502, 757,328 

il2ss2 il2ss3 

63,584,098,925 

il2554 

4C:t I t )/ -='1 
.fll'Vt'YI 1.2 105 1J Vtff. 2551- 'Vtff. 2554 

• lJtlrh (Ulll) 

( 2555) 

2 



0 

..!\ 
V'U"144.1% 

13.0% 

in'ln-38.1% 

' " . m-nii 1.3 105 'lfu 2 1'Ylf1 U2554 

fl111iftlfllfl1' 2555) 

3 

' . 

100% 'Jfu 2 ff11i'1m11"im . 
" "QIQ" "Ql' " 21.03 (298,362 13.07 (185,316 7.79 (110,535 

rl'1uiu) 7.78 cuo,294 rl'1uiuY ff..:Jfl'TtH 6.o6 (85,946 rl'1-uiu) 

..lt " 44.27 (627,832) 
cvt 't.c:I914!Q.c:t cv• CJ} o <J) 

• u 

.d ... , tl tl91 91 91 Ql .Q 91 .d " 91 .d.ot 0 , 'YI'Htlfl umm n '\1111 fJ..:J1111'U1'YIIli'Ufi'Ufltl1..:Jf11'\1111 u "' " . . 
0 Ql ... 91 liJ 91 . ' , " .. "'' .Q " ., 91 .Q ... , ff..:JNtl 'Ufllfl 

' 91 "'' , "'' .Q, Ql .Q ... "" 'UIJ 2548 1Hff 

1uiJ l'l.fl'. 2548 11'htl1J 29,258tH 74.3 . " 
5,884 tH 14.9 

39,834 h..:J (mlJ 2549) 
Ql "1'""91 ..:..4 91 "'' ... , 

Hff'\111 I ti1J1fJfl11 I • 

" 
('!f1'Yiv if'\JU11fl11 2543) i'!'tJ1mJ..:J hititJ 

" 91 .4 0 , 91"1' "" 91 ..:. "'' Ql d "' 91 ' , """ , " CJf..:J'YJ1 ff..:JNtl 1111fl11 'lf 

' " cl "" 91 (Chalermporn Rattanakosum, 2000) 



0 
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4 

'lUlfll'l t\J 2550 2551 2552 
0 "' mlJltu (ill) 6,239 7,745 19,080 ffl:inl1!YilllJM 

(ftlliUlYI) 1,646 2,179 6,589 

hfli1'1f mmw (ill) 4,015 2,429 4,962 

lq!Mh (ftlliUlYI) 627 579 914 
0 Q.l Ql 

mlJltu (ill) ffl:inl1JY11'1f'Yl'll 12,946 8,697 15,662 

lqlflfh (ftlliUlYI) 2,473 2,217 3,260 
..! 

mmw <ill) ffl:iVll'l 489 519 1,189 

lqlflfh (ftlliUlYI) 247 118 163 

n:w mlJltu (ill) 23,689 19,390 40,893 

lqlflfil (ftlliUlYI) 4,991 5,093 10,926 

1 h urm 1 oMff111flijlJl H1 m1 

1u nu1i' . . " 
Otl htl nv tltl ilii1Vffl'l:ll 

j/ ' i 'i 91 A. .::1 o' lJ (Withaya Insom et al., 2551) 
'J/ .f 'J/ ... Ql .,; "' 

llJtl1'U'YI 19 fl'UtJlti'U 2551 

h 1uiJ'.i::ll'lil 'nlJll j f1flu 1:: lU 
... 1 G.l f.c::l, 4 91 1 91 ..:!:1 .c:t. 9J o1!J)!J) 10- 15 1U 'Yil 'H'lll1ffl'.i 

I I , f I I 

n t1 ru m1 u e1 n 1nii n 1u 1 i vli1fi i 1 u . " • v 
'j} .d, <V .:::! Ql 44 
'lJ11ffl'IIfltl1fllJffl'.iltllJ 

'!f1'Yiu if'll1111fll'.i (2543) 

i .l,i"'<Ot 1'J/ <Ot i'1'J/ <Ot 1'J/ <'t1'J/ d l<'t ulJ 2 1Titltl fll'I 'll'ffl'IItllJ lJ 'll'ff111fllJ fll'I 'll'ffl'IItllJ 

i nt1 riTun ili1i'nnltlij 1iu nn 

Bru'H1Wi (2537) 1un1Yvrim.l • • • 
lllJM Ethylene Dibromide (EDB) flll'f 

EDB 



5 

ltlJrt.:J'H1U,r1-:J i'Wtll'lff.:JUUfl (2549) UW'H1tll'Hl11J fllJUlJrt-:1 trl'W 
u • 

_"f Gj I .d C> .I Gj d .,. Gj 3) .,. .I I Gj 0 Gj 3) 
uty'H1 t'Hty'Yllflfl 'ti'W !'Wl'Jflfftll'W'Yl'tiU.:Ju'l::t'Yli'l' ua::eJ.:JlJtll'l tfl m.J.:J'Yl1 111 
"' v .,. "'.I.......... .. .I It .,. .... •'IV v .,. 

lflfl Hrt'tl 1-:J!flti.:Jlflfl'ti'W fl1Jff911 Urt::lJ'W£WlJ1fl'ti'W1'Yil'W'W Hrt'tl U.:Jffl'HfllJ tl-:1 'Yl1 t 'H ff.fll'rl 1t 1flrtUlJ1 fftl • 
flfflJ1 (2545) 1,rfffllllUW'H1i'Wfll':iff.:JUUfl.u'11 

q q u u u 

-1 A: .,j _,. 0 Gj c::l 3/ I c::l 3/ 
fll 'l u 'W1 'lJ V'W '\.IV .:I ltlJrt-:1 !lJ UlJ fll1'Vl1rtl tl'tl V.:JltlJrt .:1 ! 'W !lJ rt 11 ::'rllJ 11fJWfll'rl 'tl 
, 

I "' C> , I 0 'I ".I 1 ""' - i _"f "' "' "' .,j .,. lJl'HlJU'W!fllJ lJff1lJ11fi'W1lJ1 !f!Ufl 'Wu11111J'Wtl11'l::lJfl'l::1-:J 11V.:Jfl11lJff::mfllJ • 

i v y v v "' "' "· I i .,; .,j .,. , 'J) I V1'Hl'l 'H 'l1'Wfll HHrt91 l1'lVHu1::flV1Jtll'l fi.:Jiff1 lirt::fltu:: (2539) .. .. . 
i1 ifty'H 1m'l ff 1,ruri (1) 

fJW.fll'rl'tiV.:J.u'11 (2) (3) Urt:: (4) tl11 

ul'lmm::mlJ1W • 

"' Y 1 d 'JJ d 4 ' 1 'J} ... <If t r (1) ff1'l'rlll9lflfll.:J flfl 'Htflfluty'H19lfltl11ff.:!Uflfl 

(2) m'l 1rtfl 
013/ I 3/ _,. "'> 3) .li 013/ I 11)1 o' 

(3) 'Yl1 'HfJWfll'tlfl.:J'tl11lJffll'rlll9lflfll.:J 9f.:J'Y11 'HfJWfll'Yll.:!Vl'H11 !lJfflJ1J1W 

Cotton (1963) i'tftnf!fl11lJ 

i 'tftrl'W'l m'i .. . 
.I A: c::l V .,. .d 

l!rt::fffliJ'l fl til'W l'l'W ff .:11l1rtl'W 'Yll 'H ff1lJl'i f1 

1vi' 1r1 1mlJ 11::fif! nu vl1fl11lJ1 ffti'H 1 'If tllJ!lJ u 'H 1nii UlJ 1'W 1'W 

11::vh i 'tftnf!m1 ffW! fft11l1m! mrlu 1'W 1'W mn .. u 

(2) 

t9i1J 191 11::vi'1i fi 1'YlHVl'Hl'l 1 tJ 
.. u • 

(3) \Jtytff(Jfl11lJff1(J.:J1lJ 

.!'1 'J) .,. c::l i . 1 v c::l , I 11) I, y .,; 
!urtflfl lJflf!M1ufllJ Urt::fi1H1-:J 11 ::fl'U!lJrtfl.fll(J 'W11'W'Yll 'H!lJrtfl tlJ f!'ti'W1fll'l1lJ'Yl 
3J "' , I o' 
l'lfl.:lfll'i 'H'ifl lJfflJ\J'lW 
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"" "" 'JJ .1"" "" 'JJ .d.ct o "" .'I .li ( 4) \11lJifff.lfJ1U fll'vt rHl'IJ 111ufttl fllf'Hl'IJ11 U11'YilJUlJft 1ft 

lJft ff1'U trltl n'Uurl' 1 111' 
'J) "" .. "" i'J) fJlU fll'vt'IJ11!fff.lll1£1 ll1tll'll'tl11 

(5) nnn'Umlln'llMUlJM ... " 
Q.l d .<!!( fj} IQ.I o .J I 

A li'U1li'U 1'U ... 

a 'JJ 'JJ 

" U1 tJ ifrut11'1J lift 1 'U.u' 11un n nntltJ ti'Uu ft n1nh\l . " 

. " 
(1) fll1 1 'lf'U111flij i'U.u'l1ff11 'l'il fitJ 

" . 1 i flfl 'Utlfl\11nii 
u : 

'l'i1ft1tJ.u'11U11 1 t'li'U \11lJiff£11l1lf'U n fJlU 1ll n f111lJ 

fllllfll'vt • • 

(2) ilii 'lf'untflij n ... 

'JJ .1! .ct ,.ll!J 'JJ.d o , ' .It , 'JJ "" 1 t "" 'JJ 'IJ1TiY11 fl11lJilJ'U 1J l'vttl HU'IJ11 

t'Yiflil fin m1i1 ti'Utti'U ii ij 1 lYu rl r-1'1111 " ... 

1 ... t .d d 91 91 .d Q.l Q,l 9J Q.l t •.c.t 
191ft nn 

wTo n£1 \1 1n nn 1 'lf'u111flij 

fl1Hi'l'li'U11J11 \1 fllU en tfitlf fl1:11fiW fll'vt.u'l1 fll1 1 'Jf'Unlflij 0 el'U fll11J 11\1 • • • 
1 1 ... " 
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!lid , ..::t, Ql d'A. .cl rl 
IY1fHl (International Standard) tl1fl Bioagricert 

IFOAM (International Federation of Organic Agriculture 
Q.l Cl qd' d .d t.J 

Movement) (l.lfll'l.) 1 'U'¥Jflt")t)fl1Cllfl1Jifltl1 lf1-el'¥JflfiH'¥1 

11flfll 1 \1 (m l.l1'lf1fll11flll • " . "' "' "' liJ !II 0 1 1 "' !II • !II "' ., 2549) fltl1fl'U fllf11!tl'l lflflllfll f1 'U I tllJ1tlfi11JfJ lJ 1 HIY'\111 I'W-elufl\1 flll fll1 

11f1 Good . 
Manufacturing Practice (GMP) Hazard Analysis and Critical Control Point (HACCP) 

lftll'Ue!fl, 2550) 

i'!Jllr-11 1-Mi' \lffflll 1ll u 

!II ........ "'" .;. IIJ!II• !ll_"f "' •• ,!11!11_1 1 q!jl IIJ_pd 105 lfl'lf1tlllflutlllf1fl\lflCll1l11 HIY'\111 l'flllfll 
u 

, .I "'1!11"'"'"' •. 1 ' ,!II .I "'1!11"' !II "'1 111..11'¥11\1 'Jf1\IIY'elll11nl1fl 'Jf1t1Clflfll1 'lfffl11fll.l lJ1 lflfl 

11 U\1 •Jh ui' flll1 \1111 fHf -eJlJ U\1 1 1..1 1 1..1 nn 'ri' 1..11-e1 \1 f1 fl1 'lf1 utli'tJ tJ1 \1 . 
i fll'W fll11'i1'11'U 1 ti nJ\IV\111:!1..1 1 'U 1 

NlJ1lf 11 oM1 mii lJ fl11lJ IY1lJ 1Hlll 'li \1 ,y'U tllJfl II 'li \1'¥1 H fll1fl1, ll H tJ ll'lll , ij aH ii 

.I "' "' !II ., " "'1 " !II !II "' u 1 fll'W II Cl fllJ tll11i ll fll111Jll illl tl flCl H fll1 fi1'\J 11 '\111 fl-el fllJ Cl . 

1.2.1 1 'lf'1 1 u 105 

1.2.2 1 .ul1..1m1 1 1..1 ,r11'\Jl1fl-eJ n 

. 
fll1 1tll \lfffl'Un1111 tllJ '1JJ1 1tll \1 fffl 'U l'n Htl'U 

ua1t>iw 
tJ 
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. 
f111ffmn11iv i Ufli' -:JU flWWfJIU1 i .Ui' i 

""'" tltJ'YJ'jeJ 105 

Q..l cl 'jl .di "i <!!!! , .d. rl i ., ., 
1.4.1 'Jf fltl 105 U11-:Jl11fl 

.dl ""'... " " .d ., i " ...... ""' " 1.4.2 (Rice Weevil) U'Uld'U11fltlfl:W:;mlU'Yl1V .. 
105 1i-:J '111fl u 'YI i' rd tl-:J 111fl! 1'Ju !!l.J -:J 'lftl1J nu .,j' 1 lffU !! d1m1 ff11 111'Yi 1J lJ1 fl fffl • • 

2548) 

<'l i ., .I .d i • "' " " 1.4.3 (Rice Weevil) 
" "'""'""' • .1 ..s i" d., "i" .f !Viti . . 

.t:!l " Ql' ... .1 4 0 cv i 'J) <t::l.q d, fl 
1.4.4 105 

AHP QFD 

1.4.5 1 H ffff'11 flHU flU i U 'YI f ·h:w t!-:Jti'Ju flU tfitlfltt 1J1J . . 

1.4.6 1tm1:;M VIU i 1J1Jll1Vi' -:J 1! • • 
i 105 trlm.h i tJi.ui 1 '11ltl • 

rl ... ld ... 1 'j} 'J} 'J) 
1.4.9 "l!fl 1 1:;11 fll'J t -:J tJW.fll'Yi'U1 (Chemical Quality) 'Utl-:J'Uld 

• I " "'1 "' 2'1 "' "" "' " .cl. tll.J 

1.5 .2 i fi u m1 'ft'1l.J11tl 

th itJ tltlflU1J1J'UV1Vi.Un1J 1 imui,)' 
" 
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. 
Q.l 

1.6 1-Uilllfi'WrJrJ A'ti &Ufll'n;)tJ 

Ql rlfJ) oQ ",JQJ. .c::. 
105 (Kho Dok Mali Rice 105) 11l.Jltlfl'l 'UlTYil.J'lHJ 'Yil'ITVWl q 

I.., I 'J/ 'I ' "' 'J/ I 'J/ 'J/ d 'J/ 1 1 
fltlfl1J1ltu'W 'Ul1 & 11l.J 11 ':ifl'Ul1tfll tl.Jfl11 'lffflt U'W 'Wl.J 

" q q q 

'JI """" "'o' 'JI dliJ 'JI 105 (Organic Kho Dok Mali Rice 105) 

Jl • 

itJ'Yif).UtJ ., 
• • I 

(ffl.Jflf! 1v.t'tfui, 2550) 
, " oQoQ .d t/ .d 'G) (Packing Rice) 11l.Jltltl'l 105 t'W 

if1'uri (Polyethylene : PE) 

rlfl'l 1 tr!u!Pi'u 

'JI d 'JI .,;., 'JI 'JI 'JI 'JI 
'Ul1 (Rice) 11l.Jltlfl'l tl.Jrlf!'Ul1'YifftVlt rlflfl66flUrl1 ':i1l.Jfl'I'Ul1flr16'1 'Ul1'Ul1 

'JI d d 'J/ d d 'J/ 'J/ 'J/ .., 'I I !J/ .., 'JI 
'Ul1t11'Wtl1 'Ul111fl mw 'Ul111f1 

tl 

'JI d "' d 'JI .,; "' • d liJ 'J).... 'JI tl • 'Ul1tl.Jrlfltfftl (Damage Kernels) 11l.Jltlfl'l tl.Jrlf!'Ul1'Yitfftl6tll'lt11'W m 
.& "" .r 'JI .r "' fl11l.J':ifl'W t'lf6':il Ul.Jrl'l 11166\..1"1 

Jl • 
.c!tS}'J} "o <Vo "ttl l.Jlm!"l'Wff'Wfll'Ul1 (Rice Standards) 11l.Jltlfl'l 

f1 ff111i' Ufll':il'fl.flltl 1 
(Organic Agriculture) 11l.JltJO'I 

ffl'Hflii 1 u m':iilu'lnu i lJ. n. VI. 

'i "' 'JI .,; .,; tl tl 'JI 'JI "" .., .,. tHff'Ul1 (Rice Mill) fftll'W'YI'YIU 'U11t 

1 m fll'j 1 Hffii'U'Wlf!U\91 \Pill.JtfltU cni 'W oM' if! t'lf'W 

fi1rl''lfll':i ,n 'W fi 

1Htr (Rice Mill Enterprise) 11l.Jltl0'1 .. .. 
0 tl tl 0 I J "" I fj} 9) tid. 'j}Q.I 0 f 'J} I l.Jl'Yilfll':iU rlfl 

" " d Ql oQ " QQ Q tl (Insect) (Rice Weevil) 

105 
.:::::. d'Q 0 Gl t .di 

(Analytical Hierarchy Process: AHP) 11l.JltltH 

fll':iif! ff'W i i 
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v • v 
!lr-I'U Qi1fl1lHl llrl'1 ft 11f'U ll ,r mm UlJI'ii UlJ11ll 1ft11ml l'U'Ulll 

iumfl'lflft, 2542) 

(Quality Function Deployment: QFD) 

1H!IN'U u1nn 
"i' ., 
I (ell.l11fl'U u'Ufl1 2546) 

(Development of Infrared Radiation) lflllUtl'l 

miin i ... 
1 os ivJih hfnu 

., .,.. 
1,000 1flfl . . 

.c:!l 4 4 .r::::l. (Design of Experimental) 1flllU1H lfiHHl.ltlfJWfll'Wfl'JI'1U 

fl1l.lltJII fl!IUU lf liieJ1f1fl11l.lffl.l'ti'u ffl.l 

tfu Ill 'I Hft 1i1i111 clfl'J:lW 

fJWfll'n (Quality Characteristics) (Process) 

1.7.2 fllfl1'll'1-n'll'i1 • 
1. 7.3 II fllfi1'JI'11flf11 'U 1ft atJ11fl1 fl1fl1fff!{ 

'U 1 nu lJ1f11flU1ri'tllflf11'U 1" 1flU11'\Jflff1Ufl1 • 

. 
36 1.2 
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. 
1.2 a 

1. 

d " " flt1Ulll'l'IJ11 

2. 

rin111mlJ1tu lqlnt-hrm'l11 

3. 

"""' 0 ... 4. 

lllJMfil'l1lJl::f1'lJ 

s. 

, )ld. Ql.o:::t 
'lflfiHJ\Illlf.IHf1' 

Ulll ul13 
1-3 4-6 7-9 10-12 1-3 4-6 7-9 10-12 1-3 4-6 7-9 10-12 

.. 



0 

0 

9. flmng-.llfllJ1tu'li'111u 

1-H ff 'IJ 'U 9i 1-l''l II fl 

,1Ju u ms- 'IJtlltlnln-l 1 <N 

10. 

mHvuvls-11511 mnh'li'111'1i'1 

u1 M'tllu 

"' .. " 11. . 
13. Vi119i -11utiu 

1f1Hfll:i ( nfu 

1 Hffff'11mrunmmms-1u 
A d 'I'I'U'Yl) 

t 

15. I'IJti'U 1J'Ylfl11lJ1\W1Htlll'l'l:i 

ff'Un Hfl-ll'U 1unli 

1'111fll:i9iWl 

. ..: lJ'fl 1 . ..: lJ'fl 3 

12 

1-3 4-6 7-9 10-12 1-3 4-6 7-9 10-12 1-3 4-6 7-9 10-12 



' ..,. unn 2 

-!l1u11lm1v-!l m1'tfi9Jlu 1 i i ti' 
105 i u 1J'VId 110-:J VHP:IQ 1 tftv i -M'tilu 'li'v lo!" u 1 1 uij 

""1 9) 2.1 'VIf.l 105 

2.2 

2.3 fJWflll1,j'11 

d "' 2.4 f1l'jlfl1J'jfl'l:J11J11 

2.5 

i 2.6 fJ\9lff1'11fl111J Hff1J11 

i 2.7 fiHff11-:!19l'UlJ'Uf111ff1l11 
"' 2.8 

2.9 m1tlv.:Jnu 

2.1 0 i' • 

2.12 

2.13 

2.1.1 .fi'n'HtlJJJJ::i11nu (Thai Hom Mali Rice ) 

'li'1111 1 'VItJ 1flfiUtJll 1u 1umn 1 i u .. 
i u if 11 i uu ff t'lfu 

" .oC::l tid, <V 0 i ' "" 'ft 105 'lff.lfl !1'U 'U f111 ff .:Jf.l 'ft 

1o5 C11m1 u1u1-n, 2548) 
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.II .... .:let I !)/ Q !)/ Q Q • 

fH'l91 ll:: ft '111111 flllll:: ft \1 ::mn 1 2-Acety1-1-Pyrolhne 
..:::.1 91 Q.ll Ql "fJ)d 

1 fl vn1 ff1 1 u i u 'II 11 ffn tl'l':: mru o.o4-0.08 1ll 1 fl 1 n1 ll 91 flm ll u n:: i u 'II 11 nn fl ll 1ru 

o.t-0.3 ill 2548) 

,_ ! " ""' - r:r ""' d " , " ... .I , I " 1 , " 1 i " flfl'WVI1 u fi'Wtu'l'tl1 fi'Wtflll 911'W'¥11'W fftflfl'WHfltl ll911'W'¥11'W 'l'fl 11ll 'l'fl'\Hltl 

1flflfflh911ft tm::11uflunv 2550) 

2.1.3 105 (Organic KhoDok Mali Rice 105) 

" ""' Q .. " , " "" ""' Q .. 'll11tl'WVI'l'tl (Organic Rice) lu'W'IJ11 fl\11f1f11'l'f-lft91Utltllf1'll91'l'fl'WVI'l'tl (Organic 
d cw:s Q " d .:::1 ,J 191 .:::s a Q.l t1 Farming or Organic Agriculture) 'lfff1'l'lflll 

ff11fl111tJll un::th1ifi1''11.W'l1 ffn 

{) ff91-fff91'l' ,r11 i 'W Vlfl,f'W 91 fl'W fll'l' f-lil91 1::11 f1'1:11f-lftf-lil91 U .. . 
" i" ""' Q.. I iJ .:1"1 .., iJ ... i .I"' .I ..,:. .. l'Wl:Afll'l' 'l1ff1'l' fl'W'¥11 tl t'l1'W • tlfl flfl 1Jt111llf1 • ti'Vi'l1fffl 'Wfll'l' u111u1 

"" .,j i"" !)/ ct .. d "" !)/ I 1 fi'W t'V'W 1191'W'IJ11llfl11llflflllfflltl'l'tu ff1l.J1'l'0911'W'¥11'W91fl 'l'fl Uft:: . .. 
iM'i i M 

un:: iuJ1 

i " .d .c:l .:I 0 i " " ""1 d Ql .c:l.Q .d.ct J un:: m 11'lf11'W1 tJWfll'Vi'l1191'¥1fl'll'W (ft'mu 

i 111J, 2551) 
I 

.I v ""'""' ct <1 "" v 2.1.4 105 l'rtflfll'nll 

... Of Ql " 91 .c:). d. "Q.l d. ... " ' 1 " ""'1 " .Q d. tid U \1\1 ti'W fll'l' fl1'1111fl'W VI 1 llltu 'W fltl U91 U 'W 1 'W llfll'l' tl'l' .fl fl'IJ11fl'WVI'l' till . . 
" .t::!.l1 Q.l Q,l " ct gJ .Q " .4 ll lfl'll'W tu .n fl91 1::11 u flfNfl11lltlft flfl.fl tlfll'W tl1111'l' u n:: ff 1flft flll m1 f-lft91'1l 11t'V'W 

i tl\1:: ilJiim'l'i'tJHfl'lffltJ'hw1u 2.1 rl1u Vtn'll91'l'mm'l' 

f-lil91Uft::f11'l'91ftlfl i Mlhll'Wl\J i 'W ., . 
I GIQI.Q Q.IQ.I Ql d 

2.2 



0 Ql ..:::::. Q Ql 

ff1UflTYW1J';ifll11J1111l1V1ftf.ltlUft11'1f'fil'U 
q 

.. 
ffl1fl1W, 2550) 

I I : : 
L-------------, 

: I I 
I I 
I I 

I I 
I 1 , .,.. 

I I 

't y 

B. n71"'1n R::f'V1"QJI./IJ'lm'J'f 
fuu 

--------> 1"'llNIUWAfl"'l1m"l";t 

15 

..t 
.fll'fftl 2.2 

v .. 
(mlJfl1':i'll11 m:::'Yl':i1-:Jtfl1:11Pl':itm:::ffMmw, 2550) 

' ' ' " 
105. 

._.,. !:'1 1lJ V 0 & ... & I "'> "'> V fflltiJ'W (2549) .:Jtff'ilJfll'.i fH'I\91'1111 

-w1Ji1 m'i 

i 'W'IflJ'b''W th-w1 i i u "' . . 
I i I "" dd I i "" 1lJ V"""' 1 m:::tJ1'Wfll'iff1'W mu 'W'b'll'lf'WtiJ'WMCifl .. "' . 

" 1..: d V I "" <!! I 1lJ _ 1 "" i V d I 1lJ _11!J V _"( 
UCifltiJCI£l'Wfl1'it':i£J'Wj'i:::l111-:Jfl'W tiJ£1-:J'ljlJ'b''W tlJ t\91 IJ\1}'111 . " " 
li'V'ItJ i 'W t l1 tY'Il1\91Ufi'C'I'Wth i 'W 'j::;[J::; H'W \91 ii 'j £J1n'W titJ fll'j 

User


User
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... 'I I ,.. 0 I "' ,.. .1"" 4 !:'1 G "' " "' 1llflfflll'lffl t 1) 2) U1J1Jff 

ltJ.flltJ 1 'lltJ 1 1'lf11 1 'I !!'ill 11 ff1(PJJU 1i'Wlfl'i • 
(2549) 

6u 'VIl u 'VIl'ltii 1 u mmti'i 'll11ttmltl'11lltllfl1l'W ffll1i'1JtfliJ m m fllfl191d'u 
" 

4 " .Q,d .Q d o' d a'.d 
l1mfll1mt.J'VIl'l'lf'1fl1'Y'l 1 'W'i::1J1JtJ'W'VI'i tJ 1:: 1J1J uu 'VI'i t.J'VI 
4 fj) .Q,.Q, d tl :ll 41!!:1 Q,l fj) .Q, ' 'I ' 1 Q,l Q,1 ... ..!! 

&'iff'11'VIlfl1J 351.5 430.51 n C)f'lff'l 

307.95 i1 ff"J'Wfll'i'Ut.lltlfll'i 

. 
I .ct. Q.l 

1llfl'll'W fl'W 'VIl J 105 ffllllHl ff11Jhi'-J1 

'VIl v 105 1 fi' 1llflfl1'i 1J1Jtf1IJ191'i fl'W'VI1 ti' t'l'll1 t.J'I 

m11'*ffntflii 

t'liu 1unn IU q q q 

.1"' .I ""' 4 'I 9191 91 "' <I G ""' 91 1 IJ'i1J1J'i !'Wt'lll1191'W'Ul'1lltl'11llff1J1J'iW U'U'IUH19111J1i'i'ill'lf1191 ffllll'ifi1911'W'VIl'W . 
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'1 u i u m1 tn'Ui' mnritJu d uJJMtltlnntJu 1 f) v 

')/ ?I "' d li ')/ .,..,j "" " I d ')/ "' Oryza Sativa L. t1Jrlfi'IJ11l1'.itl 
')/ ?I I ')/ ')/ .di 0 ?I I I ., d 
'IJ111urltlfl (Rough Rice or Paddy) 

"' "'"" 2.3 

' 

, 
11WIIl1 

. .. 
tr.IVlJWifUflfll.:j 

,gvuwiu1u 

fll'lfl:: 

11lii vm.wnur-hug n 
, 

mwfi 2.3 2550) 

!:'1 • d o 'JI d • 2.2.1 tur!Vfl'UVfll1'.itlUflrl'lJ (Hull or Husk) 'Yill1'Ul'Yll1V • 
')/ d ill')/ "" "" "' "' ' ')/ ... d ')/ "' I l11J11Jrlfl n 2 C)ffl fltl Palea Lemma fltlVtl . 
')/ ')/ 
fll'U 'VI tl 

' d "'1 "'')/ "' ')/ ')/ 1 I ?I t 2.2.2 ff1'U'Yl'U'.i flfl tfl (Caryopsis or Brown Rice) 

..i 'JI d IIJ • .I .tel •... • .di • I "" 2.2.2.1 WtlllllHrl (Peri carp) tU'U'If'U tlfl 

fllllTu 111nm iii unt1n i u iiffufl tJJ 1iflt rlu tunflnd 

M'Jfl 1mrlt1 1u m'.i,'j'f! ff'lf11 i U'U 1 ifl fl 11 U' 'IJtJ tgmfJJHrl 11'1 fl 
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II) .. d! "" "" .. II) II) .. II) 1;' Oxidation &CJflJ tnlf1CJf11l'W fll'jtJ'fl'W &fl'fl'flf) &CJffl &'fl'W1 • 
.J. i1 d d c(t d 

2.2.2.2 ttl'fllJlJ!lJt'lfl (Seed Coat or Tegument) tll'WtCJft'lt'l'lf'WtfltJ1'M'W1 0.5 
" hnru tGJft'lt'lit'lff . 

" 'JI .. " 'JI d t 2.2.3 hu (Aleurone Layer) 1 - 7 i''W 

tlvlJ humnwh 

(Embryo or Germ) hu 

i'lllT'W it'lff 

t 11 vni1 111Jn'li'11 'W J\IVfllJ i t'!fu . . 
i'j 1uvJm1'W (Ribofravin) (Thiamin) (Niacin) ttlmfu 

d ,. I 0 ... d 'JI d "" I . 

2.2.5 t'fl'W &flfftiJ'jlJ (Endosperm) 

'fl1'M u lJlfH rf '11 '1111 n t 11 ilv nu v n'M1 mtnt'ltJ n.J i1 vn 1 'W i 1 ue1 fl i \! mh \if! vv n i 11 
'JI d ,. 'JI ... "" 'JI ,. "" I d 'JI 'JI 'MlJflUCl1 t'fl'W tflfftiJ'jlJ 80 

6 1milu i'lllTuiivduvvmn iflviimmwmfiu 'If 

v 
2.3 t;)Wfll'Yf'IJ11 

_l.,j _I V I <0 <V 

2.3.1 fll'l11JiUJUUIJ1HfiWfll'Yf'IJ11l:::'t'i1HfllllfltJlfllll q 
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2.3.1.1 (Changing of Physical Quality) 
4 d .J d ,, QJ d 
fHl f>JW 11 1'lf'U 'U111'UfH1J'Cl11 fl111J 

tllul'l'u ... 
cv d 41::.1 ocvl o Q.IJ/ 

1) 'U111'UfH1J'Cl11 (Grain Weight) 
il E'l "'.I "" & , il "" .!! il ."f .... '\111 (Yield Component) u\1\lt.J 

i11v-rl'1 100 1 ,ooo 
d V ll) cl:;' Q.l Q.l I d 4 Q.l I d 

tll'Cl11 '\111 3.67 100 tll'Cl11 22.5-36.7 1,ooo t1J'Cl11 

2) (Whiteness of Milled Rice) 

... 

... . 
2531) 1mJ 

(Maillard) (Gras et al., 1989) 6 Vl\1 

1 lui1mau "' .,; A "' fJW 11 fJlJ 
dd 

3) (Grain Dimension) 

Indica fllJ Japonica fl111Jt.Jld (Length) (Width) f1111J 

11\Jl (Thickness) (Shape) hw 
, i/o i/ d d i .., d d t .!! 

11\1111 'U 4 'lf'Uflfl 

il "' t '\l1111J'Cl11t.J11'lf'U 1 

il "' t '\ll111J'Cl11t.Jld'Jf'U 2 
il d t 

'\l11!1J'Cl11t.J11'lf'W 3 

1J1flfl11 7 

6.6-7.0 

6.2 - 6.6 
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I ef¥£J. Q W 3} I .ci Ql i Q <V i 
ff1 :IJl'J f.1 'U fllt.lfll'Hfl'U'J flfl 1'\111 l1 'U fll'J 1fl'U'J flfl 1 l1 q 

91 d d.c:t tl Ql Cl y .d.c:t A 4 d I 'J} .dd 
( ti'Jti'U fl 'U t.l1fl (I, 254 7) 'U1TYI1Jfi111J'Il''U ff fft1111 'J 1fl11'U11'YJ1Jf1111J"lf'U \911 q q ... 

o' "" "" " A' d ... ... liJtltl (WHfl 'UtJ111'Yitl, 2538) fi111J"lf'U'Yitlti1J'J'Ufl'U'YI1 t 13- 14 (Julino, 1985) 
"' <I A' <V I 

(Moisture) . 
Q.l I dd. Q.l 9} I 'J} 0 I 

85 q 

19l:::um fiv q 

Forced Air Oven 135 oC 2 "lf:IJ. 
q 

i 'llh..t'J '11' Tl\9lt:lu'l1' uti'1u 1min"11nml111tT n q 

-1 ""' " A' ... :v 1IJti'J1CJf'U\9lfl11lJ"lf'U (Moisture) = 100%- (2.1) 

t/ fl ,.. 0 q <J' '"ttl .cl i .ct I 

(WHfl WJ111'Yitl, 2538) (Kjeldahl) t 'J\91\J 

-1 tl ""' " ... '1-1 "" i I ... I ""... "' 6- 14 1 ti'J1C]f'U\9l tiJ'J\91\J 

(Granular Protein) (Juliano, 1995) 

(Crude Protien) 

"' " "" """" <!I i 0 0 -t 'J\91\J 11i Kjeldahl fltl "lffll'Jfl1'U1W'U1IJ'J111tu 

ffu i1911\9l'J\9l i'llfi1'U1tul11mmw iu il9l'Jt'il'U uti'1fltun'U .. ... " 

0 

fJ) cv j) \rJ Q.l _d 1 d 9} t Ql d fj) 9} I i I 
20 t 'UlJ'U 'Yitltl i u"nflw:a1Ju n"11 '\J11ff1'Jff1'U 11rut1J'U ... .. u 

(Non- Starch Liquids) rhu 'Uff1911i'"lf 

uv1fl", 2532) mmw 
d fl .cl I I fj} ,. .d _J 'j} 
t:lt'Yiti'J 'JtltJ(I::; 0.19-2.73 0.65 (Kennedy, 1980) 

nn1tm1:::l11'Ulf'U (Crude Fat) 

0 
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1 '\JlJ'U i u 'rl1 

flfl . .. 

r Ql Ql , 

(Wl) 

4) tgfliu (Crude Fiber) 

Q Q .. 

i1 hli-M'mH u hiiiJlvflvi 

. , 
'Ufl'ltVfl 

iv = J1'11un0'1v'11rl''11H1 (W4)- J1'11un0'1tJ'11rl''lfllJ (W3) x 100 (2.4) , 
thl1uni1flV1'1 (W2) 

91 4 ' Cll .:::tcfd 4 d 5) 1f.'ll (Ash) flfln'1'W'\Jfl'lffllV'U'Ul1ltJ 

flW'I1 niJn- i '11ll11l'l1ll11 hJmi'lvu 
q qJ cu qJ q 

tJ i . . 
.::5! Q.l d' 'J} I !J/ I .C:. Q d dt 

uvnf.'l fl wm'V'I '\1 1u u tnm'\1 fl'l1 mvm m m 1 tJ ClV:IJ tJ 'W n-nv 'W 
• Q , 

t,Ylllli'Wm'I111U'U 1'1f'W 'YllltJ 1tJin-tCiW:IJ • 
ullnihCiwll ri1umgn veliJrwvll 

• Q 

ri1umCMiJfl iv 'rl\lflfl 

9) 4 ' .:::. d.G".J 4! .d 1tni'Wm'l111 fiV ff1'W'\Jfl'lffllfl'W'Wl1ltJ 

vw '11 niJn- Vf.'lfHJ:on imrl 16' ri1u ili mjj ll 
q cu qJ lU q 
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dl 
tJ.:I fJ W 'tl tl·HJl '111 'l 

tlll'il'l 

d' d tl 'j) Ql 'j) 'j) Q.l ' Ql Q.l 'j) ' 
t'l.lmtt}f'W\Pitm = (W3)- 'Wll'i'WflCidm'l.lm (Wl) x 100 

" (W2) 

(2.5) 

.. ,. "1 ?I ... 1 I 1 I 'JI 
6) !n'l t'U (Carbohydrate) 

.I 'JI .. .I 'JI l: "' 'JI .. 'JI "' "''l "" ?I ffl'.i 90 ff\Pil'.i'lf'\111 

... 1 I 1 I "' ""'\' ?I ... 1 "' I ""'\' ""'\' l'ity 

t1'Juihnl 1 1f'li'l1fffliifltu mlJltu ff\911{ 'lf 1 u .. . . 
ffm'Vlm'.i fflJ Yil 1 1f 

, .. "" 0 .. , "" 'l • 1 'JI. t= !tl'W t\91ff (Pomeranz, 1982) Vl'il'Yil l'iu'.ilJltu 
t/ .d I "1 t/ t/ t "l d .. tl 

tll'il 

(Iwasaki and Tani, 1967) 

(Nitrogen Free Extract: NFE) 

Nitrogen Free Extract (NFE) l'iltl Non Structural Carbohydrate 

t1'1ufl1{1 iu1 1v'lfu1fi' u'.i:nv'UA1t1 q 

• I .. d .. ,l 'ltJ "' "1 "' )j 1 'JI !utl'l!C)f'W\PI NFE = 100- (% fl1llJ'lf'W+% t 'l\PI'W+% t'tllJ'W+% WV tl+% It'll) (2.6) 

2.3.2 (Cooking Rice Quality) .. .. 
'JI 'JI ?I d 'JI "' ..... dtq I 

fltu fll'Vl 'til 1'11 !u 'W fl W fll'Vl!lJ H 1 fllJ fl W fflJ 'lJ \91 'YI tlJ ffllJ1Hl q q q q 

"" .., , 'JI 'JI "" .. "' 'l d 'JI ..?! o ,. 1 'JI 
'Wtlfl 

'j) I Ql t/ d. f Ql , 'J/ I 

1i'il lJfiW Ufl 
q • 

• t= ""'\' "' ""'l .I "" ?I .. 2.3.2.1 u'.ilJltutllJ (Apparent Amylose) tmufi\PI'W 

l'i1nm 
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v I "' v v "' I .I .,; v "' "' I .I 'IJ 11 fH'I11fl fi'IJ 11! 11 ff1'W u '.i fl\1 fill Hl ffff \I'll 'W 'IJW 'IJ 11!'11 'W tl111 ll ff1'W fi1J 'Ufl\1 .. 

tnlJlWfllJhff 

0-2 

... v 
• 

v "' 'IJ11t'I1'Wtl1 
.cl 

10-19 t'I1'Wtl1 

I V Q 
,r11fllJiClffff \1 

20-25 

25-34 flfi'W'Ul\IU'IJ\1 .. 

d 
UIJ\I'Q'flU'IJ\1 26-40 

utl'I'Q'fltlltJflm'l 41-60 

I 
UIJ'I'Q'flflfi'W 61- 100 

Q.l aJ " a '1" 2.3.2.3 (Elongation Ratio) 'IJ11tllflll'I'Q'fl 

,rl11Jl'l'rl''Wiffll11HlVfli1 
.,; Q V ... ,v o,v.K ,IQJ I I ,VV I 

fllJlfl 'Yil 'Ht'Wflflltl 'W llflf'IU'W'W '1f1tl 'l1'1J11'4lllllfl'IJ'W 

., dV dV d 
= f\111ltl11'.i1ll'IJfl\ltllClfl'IJ11'Q'fl 10 111Clfl (2.7) 

d v d 
f\11lltl11'.i1ll'IJfl\11llClfi'IJ11ffl'.i 10 tllClfl 

2.3.2.4 (Aroma) • . 
, V I :'1 "" .cl QJ .cl.cl I, , i V .cl I I f'IUfl ffl'.i 2 - Acetyl-1-Pyrroline 'W 

o.o4 - o.o9 ill 1 1 flfll fifl ,r11vi'Wi'll11flflfl . 
05 n'lu • • 

i ffllJl'.it:1'Vll 2 iififl fll'.i t 
.J. 1 .J. v 1 ,v " ,v fltlfll'.iflllflCl'W'l1fl1l'IJfi\I'IJ11 'JftflWCVlfll'.i (fllf\H'W1fl ty.) 

\Ill.! itfl'.i f\Wfll'VI,r11'Yil\l flltlfll'VI U fli'1fl • . .c:lo ..::i aJ<d ,,o 
fll'.i'YI'Yilfll'.ifffl£Jlfi\I'W Surat Nuglor et al. (2008) 'YIHtflll 
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'1.1 "' i "' ' ' d ... .d "" t fllJ .. . .. 
15 'W1J':h mmtu 

q '\1 qJ q cu 

2 fffll'W 

Anong Kaisoon (2006) 

'W1Ji1 iJmlJltuff1'l'{ll'\11'l' t"1f'W mmtu mi . . .. 
' • F- 10) "' ' ' • F- .,.,. ' 6.83-7.26 IJ':ilJ1tu t'UlJ'W 0.41 - 0.58 tr:lff BQ 
I 5} -.F- 'J} I I " 0 Ql Q.l 19.11 - 20.08 0.20- 0.25 .. 

fj) d 41!!1 ' - F- " ... I .cs .c:S I tiJ'Wt1r:l1 0, 3, 6, 9 12 t\91B'W 'Yll.:JtfllJ lJfll 

(p > o.o5) 
d .F.! "'.F-W'W Uflt1'WIJ':ilJ1tuffl'l'l1fllJ 2 Accetyl-1-Pyrroline (2-AP) (p < 0.05) 'illfl 5.24 

d "'"'"' • "' "' "'! .d "' tvlJ tiJ'W 0.54 'W'WtfllJ '\1M'il1fltfl1JtiJ'Wt1r:ll 12 t\91U'W 'Y1Qtl.!'111Jl.l'I1B.:JW'W Songchao Insomphun 
10) o .o<i .l.d .I o "" i et al. (2004) fll'HIJI:lf.J'WUIJI:l.:i'YI1.:Jfllf.lfll'W 'W 

I d Q.l t/ I -• t/ d ./9) I 

tu fll'l'tflll \Ol'l' 'W1J11 fit\.! 11ff1'l' fllfl11lJ • 
' ,l "' " "'"' .I .I i ff11.:J'UU.:J'U 11ff1'l' 'Ufi.:J'Yiflff'\1 mw m'l' tfl14\9l'l' tJ.:Jl.lfl11lJU lJ 'l' lJ 'l' 1'W 'W • 

I d Q.l 0 Ql fj} I Ql 4 Ql j} t/ 
'l' tufll'W'U 11 'W 1J 11 U\911 1m1 m tu m1 tnll \911 

"'"' o.Jtd., lJU 'W 1 t 'W lJt'WlJ'U'W t1r:ll'Ufi.:Jfll'l' tfl1J 'l' flll1'Yit'WlJ'U 'W tt '\11'11 'W 11tlJfltfl1J 'l' flll1'W 1'W 'U'W 
0 i "' """'i .. ' ... ' ""' 'Yl1 'W1J11 

filfi.:Ji1 i i ..rtit'W i1'lf11'UV.:J'Yifl .. . . 
tl " d.c:::t 1 1 Ji fj) 

ff'\1 m tu fll'l' 'l' tiJ'W 'Ul1'YilJfl11lJUU'W 'W lJtlJ U'\1.:1 \OllJ • • 
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"'1 I d g/ ,/ 'J) .::! I ,. ... I .c:::.t \1) QJ 

'llhl t'lfhl fl11lJ'lfhl t t 'UlJhl . .,j, "'<rll! & :II , "' 
!tlfl U !fll tU . 

hi t'lfhl mmruviJimY fl11lJfl'll'i1'llV'IttrJ'I'Q'fl 

.. QJ y 
2.4 fll'l!fl1J'l0'1:11'U11 

2'1 d.., !lJ 1 '11lJ1 U'U V 'I fll':i !flU ':i fl£11 'U 11 fl V 'llJ fl1 ':i \1'\1!1 ffU'U fl'l 'U 11 hi 'U \U 1 flU ':i fl £11 hi V U 'VI 'Q' 
tv _r= "' d "' .. .l, d "' v "" .. l'lrlflfll':i!flU':ifl£11 tlJflfl fl1':i!flU':ifl'hll'U11 t1 thlfffll'Yi 11':ifl 11'1 
d Q.l Q,l tl , d " d 

1flU'VIlJfl11lJ'JfhlfflJ'Yi'VI1i (1Vflff'l1hl 2544) 
"""' d <V j} 0 <V j} <) .l, ll!_l I 1q j} """' 1q j} I 

2.4.1 11ifll':i!fl1J':ifl'hl1'U11 fll':i!flU':ifl'hll'U11 tlJUU'Iflflfl 4 11i 
d , -1 .... 1q I"' .... l1 ., "' .. 2.4.1.1 fll':i !flU hi tlJlJfll':i fl1UfllJfl\U 11.fllJ U 'fflJ'Yi'VIli . . .. 

.c!1 d v 1q 1 d _I .... d, I"' .... l1 ., "' .. 
'IHNfllfllff 11lJ1Uf.H fll':i!flU'U11 t1 thl 

') d .c:::l , I d CLJ d. t d , "} d 'J) 
t 'I !'Jfhl fll'HflU hi t ':i '!!flU 11 H'Ufl'l 

h lmy'l 
d , .dd. Cl .::5. I d I d 'J} 

2.4.1.2 fll':ilflU 11 L'Jfhl fll':ilflU'U11 
, v I v d "" , 1q .. d v d"' -II d ?I v 1 'H':ifl hi tCJl' trllflU'U11'VIlJfll':i11J1rllJ!tlhl 

d , dd A Q,l QJ tl tq fJ) I 

2.4.1.3 fll':ilflU hlff.fll'Yi'VIlJfll':ifi1UfllJfl11lJ'JfhlfflJ'Yi'VI1i'Ufl'lfllfllff fll':i . 
0 V , d d... .... 2'1 <V a d I j) , j) I 

!flU'U11 1 ff1lJ1Hl1Jfl'lflhlfll':i!flrlUhi'VIJ:nhi!'U1flflfl'UU'Ifllfllff L'Jfhl fll':i 

d d "' !'1IJ -='1 ., "' 1 "' "'"' ?I d , I ,J l1 11 'Yirllfl'VIrlhl fll':ilflU'U11 fl11lJ'll'hl 
a "'. l1..,.., .- l da l1 

'UV'I 'll 11 1fl111 fl11lJ'lfhl fflJ'Yi'VIli'U V'lfll fllff.fl1 u fllfl11lJ'lfhl 'U 

Q.l cv" l d ".dd Y " A fl11lJ 'lfhl fflJ'Yi 'VIli mu hi .fll'lfhl u n fl 'll11'VItflU 1 ff u111 Uhl vu fllf111lJ'lfhl • 
"'"'"' J1..,., .. , d .... "' 
'fflJ'Yi'Vl1i'UU'I'U11\T 'I fl11lJ'Il'hlfflJ'Yi'V11ifl1U 'I 'I 

d , d.. ... l1 "' "' .. 
2.4.1.4 fll':ilflU hi ff fll'Yi'VIlJfll':ifi1UfllJ fl\U 11.fllJUrl fflJ'Yi'VIli'UU'Ifllfllff . . 

2.4.2 1%tlullil'l hlm':i 1 hlm':i 

mmru 11'1viim'i 11 OUfll':i 
d <V , I 

LflU'm'hl1'U11 
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d "' U)1J'jfl'I::J1 

'i , "" 'JJ d o 'JJ a 'JJ .I 2.4.2.3 fll':i'Ui;Hlfl'illfl tHl .. 
'illfli':ifl 

"" ){ "' "' , 'i d , 'J} ., 2.4.2.4 fllf.J 'W tHU11Jf11':i 'W 

"' , d Q,l .c:l "dd <j d 2.4.2.5 fll':i'ilflfll':i t HU11J 

2.4.2.6 
'JJ "' "' .,j .., , "" 'i d 'JJ 'i. I ' II) '"' 'JJ II) 7:'<1 ' ':i01J"l1J':i!1tu tlJH tlJ l'Hty 

'Wfll1lJ 

tnmi'n 1 u fi11Jfi1Jvru -nu 11i r.Jd m1i rJ i u 1 m1 
q q cv v q 

tn1Ji'fl'l::llf.!tumTI'li'11 u 1J1J 1 '*nu iflmh i u 

" ... """' 2.5.1 (Polyethylene: PE) 

-f(;l£i'(;lfl1 iui1£i' (2533) '¥11 
o' <j .q d .dot!:! , y d & , 9J Q.l I tJ} i 

'illfl-n(;llJ t TimV'Yl(;l'W (Polyethylene) 'W 

fl11lJl1'Wlmiu 

2.5.1.1 High Density Polyethylene (HDPE) iiwn1Jl1'W1U'Il'W 0.941 - 0.959 

0 
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0 
d I 

2.5.1.2 Medium Density Polyethylene (MDPE) l.lfl11l.l'l1'W1U'W'W 0.926-0.939 

d I 

2.5.1.3 Low Density Polyethylene (LDPE) llfl11l.l'l1'W1U'W'W 0.910 - 0.925 

d I 
2.5.1.4 Linear Low Density Polyethylene (LLDPE) l.IWJ1l.l'l1'W1U'W'W 0.910 -

2.4 (Polyethylene: PE) 

" .c::!QI.c::l,,o:!l Ql Ql .qc::r, 

(fl'VI'i'V'I'i 1ityty11'W'll'fJfl, 2540) 

(1) 
.J. f .c:S A 

(2) 'Wl.l 

(3) 1AA .. 
c 4) 1 '\JlTu 1AA 

'JI 'JI llj!iold ..d "' "" (5) 'VItJW'l1fllJ 122- 155 . .. 
(6) i-ti'n1Jmm'i 1AA 

(7) tlll.ll'itl toM'W 
'I .... .I "' "" I .,j "" """'I 'I 'JI 'I 'JI t'Wfl11 

f1Wfll'V'I,j'11tl11 'V'I1J·:h 2 fiiflfli'll 4 fltl q q q q 

q q q q cu 

Q 'I q d .J o' ..d !:'1 'I I q 'JI 
C))' \lfl1'Hfl1J t 'Utl\1 'W tJlll"ftlfltJ'VIt lJ'U fftutulfllrl' t 1.11.111 !11 

q cu q u tl cu q 

0 i d ... .1 ol d d d 0 0 d 15 C 'VIlfl11tfl1J!IJ'U!dftl 6 
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r,Hl'VflY:h 

l lu fffll'VftJtJtlClft 1l'U tJll 15 oc m1 
0 Gl !J/1 'JI ::', 3) d. CV I 

t 1l'JW'Utl\IU1J(l\1'1'11 t'l1 'U 11 1111 'l'l\19f1tl (I tltltl 1 11J'Utl\IU1J(l 'U tl Wfll'Vfttltl1tllJ tll 
" q q 

tl111l'U11'UtJ'I.u'11ffl'j mmw i'Ull'U tll1 

l ri1u l u q q 

"* I 31 d d 0 'I 31 , <I ">') <I 
fffl11::tJ'U tl tl'U 'U1\Itl\l'l'l ttllJ'I'Ill 'HtlWfllVlttl'U I (Iff fil'j(l:; (11f.I'Utl\l q 

tt(l::ri1tl111Jtl 'I 1'U tl\1 u il'lfftl(l ri1u ffvnri u m1 t vu u 11 • 
31 ., 'I d ., I .I ., ., 31 

'U'U t!\ltl'U 1 'U l'Jtlfffl11::tl11 ttllJ'Jtl'l:l1 ff1'U 1T'J'tl VllJ 
I I tJ Jl I 

tli)'U i'W tm::fl'lt q q • u u 

' ' c( Q..l" Q.l " " .:!f. Q.l Q.l I tl111Jt(lti1Jll'U tl111l'U11 tl1111\lll 

'lftllJ'J11J tl\l!ffl Url::tlW:: (2542) 
di Q.l Q.l t/ .:!i Q.l , .J. I I 0 'j/ 

tll'Jfffl'l:l1tll'JVlWJ'U11J'J'j t'Vft:I'Jtl'l:l1f>JWfll'Vf'U11ffn t'Vft:ltll'J ff \ltltlfl 'VflJ 11 111fltll'J ff11111 r;;j 

ff'lt:Jtlfl.,j'111J'j'j1Jfl\l 14 11tl 111l'tf\l q q u q 

'U1'U 6 2 tlf 'I 

iJ 'Vf.ff. 2538 28 % 9 iu 

(Polypropylene: PP) (Polyethylene: PE) Q'li'Wrlt!'UlJ"J::fllJ 

(NY15/PE17/PE70: NY) 0.9 Bar (NY·V) 
q cu u u q 

HUntt1JU\1't!Jt!J1tllff m1un i u Q'119i1'1"1 1 

PP PE • • 
"* "' d 0 "" 'I 3131 "" d. d 31 ..,;,. d. d "" 'U'U ::f.J:: tdrl1ttl1Jtll'J '1'11nlti'UtJ\IU1J[l\11JHrl t'l1 'U11ffflllflrl'UL'H ll'U 'U11fffl'l'llltlrl'UL'H ll'U 11 q q 

1 m1 i'*1::u11 

mt U1Jfftutu1tllff 11 i riffn 1l'U i 'U fl\1 1 u rlt:J'U l11::nu 11-rl 
Ill u u cu q q cu 

I cv ..:::. d til 'j} 
tll'J 6Jf::rl t:ltll'J !'Vfll'U'U 'Ut:l\lflrl'I.H '1111 'U U tll'J '1'1 tl\I'Utl\1 flrl'U '11 till 1 'U 'U11 
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I !II "' d !II 

.I I 'l !II .d.'l !II !II 'l """' .... ll)!ll<!! 'l !II <!I ff'hJ11 U'W1't11'101'j t'lffll'lf'W::;'t'lt'lf'U'j'j1Jtl11ffl'j !'W'Il'W11lt.l t'lf fn.l tl'l 
q q qJ q 

t'VIilmViilu (Polyethylene: PE) 1 . . 
.. !II .. !II 0 <!I 'l !II !II "' "" Hfft111 l'VIV ttt . 

"" 

!II ,.1 .... !II 'l .I !:'1 .... .d. 4 I 'l I .I 'l tl11 t.flflfllt.l t'W 

cimn.u:: 1m h 'Iff 

cimHu::;t't'lfltu • • 
2.5 (1'j01'j 2548) 

"' J1 !II "" .,j .I .I !II !:'1 !II (1) 

(2) ,jlttthtJ'IY11flltJ l 'W tJ'j::;l't1ff 'lflflf1,j'l1ffl'j'J1 VlJlJ::;i; , 
"' !II .I .I !II !II " !II (3) 1u'W'\111ffl'j 
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i'>. hi,'l 
r----L----, ! 

' i------, 
-i','ll\11 • 

"' 'i 'JI .I ""' 'JI 'JI ""' o ""' lll'ft'fl 2.5 105 'll'fl'lfV'IJ, 2551) • 

"'" 2.6.1 

(Material) (Labor) (Machine) Ull::v11mwfllt.I1Vfl11lJff::f11fl (Convenient) • 
i en (Products) 

'II I 

Ull::t.!Vfl'illfld h ('tY11L11tlvn) ('lf11t.ll) , 11 

"" 'JI 'JI ,.,j , 'JI '" ""'i .I 'i .., "' d liJt.lff'l.lfll ('1.111ffl1) l'Y'W'I.IlV t.flfl (IJ'l::'lfl'lf'l.l) tflVVlffV'l::'IJ'I.Jfl'Cl tflVIHtll'JI?l'Cllfl U'Cl::VI .. 
mtlv'il::ri l11::1V1ff, i 

hwri'lvvniln::111:::JJ1W 4- 5 (vni'v 2542) 
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2.6.2 

1 "' V 1 1 
1IJ V ?I "' 1 "' 1 1 1 "' Hff'IJ11 3 fHl '11ty 

1Hffij 2 

2.6.2.1 (Processing Capacity) (11':iff1':ifl'I1lff-3tff'1:u 

tJI9lff1'11fl'I':i1J 2544) 
j/ • 

1) 60 (24 .. 
j/ 

2) 13-59 

3) 1-12 (24 

2.6.2.2 (Size of Employee) 
.... .... .. 

fl11 fl'I111ff'l'll!fl'ilfl11VnW'1fV, 2525) 

1 "' 1 ' ! ' .X 1tl 1) '11ty 10 'IJ'W 

2) 10 fl'W 

3) 

"'" 2.6.3 

1ui1'il'ii'IJ'u 1 Hff..f1 2 111111 q ,; 

1 .c:l 'J) I 4 t I d 'j} 1 cl 2.6.3.1 50- 60 U 1111m1 Hff 

V "' tl v ?1 • .II • • 1 "'tl V "' &'Yltl 70-80 Hff fltl 

" • "' 1 v ?I ,f "" " ..,j 1 v"' "' !: .,;.,. "' • 1) 

imJ1 i .Uimi1 

1 Hff vhhth 1Hff 

2) 
1 e:t -==! cv 4 SJ 'j} I Q.l 'j} 'J/ t d d 9J I I 

Hff 2 flH I & ... 
2 

?1 "' ! ..,j "' v 1 "' v "" .Ji V 3 flH 
' v 

V V V"' "' "'tl""' o'V 3) 'IJ11'1J11 
d C\ Q.l £, 5/ cf 'j} .:!1 .c:l 'J) 'J} 3} a,.o I Ql 

'1..1 11fl 11\9l'W fl'IJ'W N"l tlu fl'W 
t ,: " f 11'1 ' ' Ql Q.l Ql tl d 0 

':i 11fll'IJ1V'IJ &11! 'Yllfl'W 1J1Jfl11 fl !Wfl'11 'l' ':i tl !CJf'W \91 '1..1 m 
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.I o' d 
'1J11 'JVfH'I:: 100 '1J11 'JVtlrl:: 5 '1J11 'JVfH'I:: 15 '1J11 'JUr.JC'I:: 25 !tC'I::'1J11 'JUr.JC'I:: 

35 h hw 
J., 9/ .;. I CV 

4) UC'I::11'J'J1lfH'1J11 • • • 
... 1 d tl " " t " " " J., Ql i t l1Jtl'J lCJt'W UC'I1 '1J11 UC'I ::'1J 1'11 'W fl f.Jlfl 'J 1111 1i 1 .. 

... 1 """ 1 " d tl ")" J., 1 'lf'J::1111VlC'Ifi'YI'JV'WflC'I' 100, 50, 10, 5 UC'I:: 

2 niC'Iflfll 

'i "' ... ., "' "" 1 ., 1 . I d .'J 'i • I 2.6.3.2 flU'Wr.Jll 'll'fi'Wll1fl t'Ju tm:: 
Ql Cl , tl.!l £, d d , cr. ,c::( " .c:l d 

C'I''I1'J!V&ll'Jfl1 'YIC'I''1J11l tl'J::t'Yiff 'Yif.lt'Jlllll'1J1ll1tl'J::ll1W 10-15 iJ tlJ'W 

t d 111n tl 'J:: ff'YI 'ilm 1111tthl91 u th li u C'I::'J 1u .. 

i 'J 
" i H 

" ti'u 2- 3 iu 
• " d 

mn'1 vvn 

1 ..,j 3) 'J::1J1Jfl::t'Yil::'1J11l1JC'IVfl '1J11'1J11 flV1l:: 

0 
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" t -M'u'i 
"' 

5) 'U';i';i L HffU'U'U l 

1, 2, 3, s, 10, 20, 100 

l1'1fl'1f.:Jtn'W "' ..... 
... " <:1 v 2.6.4 

2.6.4.1 2.6 hlff1ll1Hl 

Jl ..:!& t 91 _J-=!l 
1) oU'W 11 fl 'W fl1 'i n1 fl11ll (Cleaning) l1 'i fl 'lJ 'W 'lJ 11& 11 fl fl 

t'lfu "' . 
' t ' • " -Hu 111 

t AS/ .!t tV 91 t a d 
2) 'li'W11V'Wfll'iff'll11 (Hulling) 'li'W1lfl'W'W'll11t11€1flfl'Vl 

" I " -' o' _,"' .,;. "' " " ff .:1'\'1 1 Ufl€1'U\)fl 

111 eM' 

(Hulling) ii 2 flfl (Disc huller) l1'1fl . " 
(Roller huller) . 

" "'t, "" 3) (Polishing) l1'ifl'lJ'W'lJ11ffl'i (Brown 

Rice) (Bran Layer) 

'\111 (Bran) (Milled Rice) fJ11mw . " . cv .c:t .... 1 .a a cv Ql cv 
2 flfl (Vertical Cone Type) 

'\111 UU'UU'W1'Wfl'W (Horizontal Type) 
t d" "'t 0 o'd .. , ..; 

4) (Grading) l1'ifl'lJ'W'\'11111flW1f'W11 'll11ffl'i'\'l 
111 , .d Ql " t ..:! t v d d v Ql " Q.l , 0 ll) Ql 

'll11l1fl 

twn1 w twn riTwm fJ11mw '11119i''W 

" d d " ... _, " 'll11l1fl 

2.6.4.2 1.h 'l111ff1'J tJ'i 'itJ 1 ... ... 
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iTHCJltl 

Ufltltl 

fnnle4 

=J , 
fnnlo4 ---+1•1 11-----• tm:ae!lll 

h4tlGu> I 
i17llli 

.J .I .I 'JI 'JI , 'i "' "" "' "" <I lll't'ffl 2.6 lJ t Hff lHl\9\fl'lff\9\1, 2548) 
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01 1 3/ dd 3/ .J 11) 3/ 1 y 3/ .I"'' I 'I 3/ Ql ..:! 
Hl.ll!fflHJ'Illtl !l.l'tWifi".:J'ilfll .:J1Jtl1J 1 'H fl1J 11 
"' 

"' 3) 
... I d y - r.= ... .l y 

'itltJ":: 6.29 
... ,l y 

2.6.5 .2 u"tlfl 

if1111't1uijN'iJ1::nv1Jm1 i'1J4mrn . "' . 

""""' y ,; "' y ... .l y - I"' I y 11i tu'W fll'i'YI 1 H 'CY'IJ1111JCJfti'IJ 11tu"tlfl1llfl'lf11'W1 'V'Itlfll 

'l 'li'n1JN1J11nfl 'l u 
' "' 

y d. "' 'I 3/01 1 y 'I 01 01 .J Y I d Y 
'H'itl'lllCJ 1 'Hfl1J'Vltlfi11'Wf11 ti.:J!u'W'Wlti'H'Wl 

(1i'Wlfll'if11-:Jl'YICJ l.l'Hl'lf'W, 2542) 

. "' . 
(.,Y11ttltlvn) ('lf11'W1) (.,Y11ffn) "' . "' 

'll ltJ 'l 'li'unN'1J11nfl (tl'i::'lfl'lf'W) i tm::rl i 
"' 

2. 7.1 
q 

19i'u'YI'W (Cost) • 
.:9 Q.l .C:. l j} t d. G) 'J} d Q.l 0 1 I G) 'J} I 

1 tlf1111J1 fl11 'Vl'W 'W 'W 1l::l.lfi111J'H1Jltl 1 filL 'lf1lltl (Expense) • . . "' 
1u t1u Vi11 1 i 111 u m1'H 1u CM.:J 'l u fi111J'H mvi .:J nri 11'11 til 

(fl'ff11 2545) • 
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"' v v "' qj,l 2. 7.2 &fiHtJ1HVIU'fJ'l!I''Htl'Ul1 

(2542) . 
111uli·HJUfl 2 (Fixed Cost) (Variable Cost) • • 

91 d <!I 91 "'1,911 .,;., J I 
2.7.2.1 (Fixed Cost) fi'W'n'W l1'iUfll • • 

tm:: lJ'i:: 

1) h h 

.. 
2) t'lf'W 

.., 'i ,\ .., -I .. I 91 Ulfll'i ft1'Wm1'W tu'Wfi'W 
91 .., -• <!I 2.7.2.2 "'Wl'J'WH'WUu'i (Variable Cost) 

U i 1.J1 'W nlJfll'i \11'W1'W Hfl 
"' "' i91 I <> "' 91 91 91 d_f 0 'i q 1) 

'lfH i'V'I 
<:1 91 tu'Wfi'W 

1 .cl <!! I 9l _f"' I .cl I 91 1 .cl J "' "' 91 tu'W"'W 

5) h t,fu t'ifun • • • 
dd ,j 1'11' t'W lu'Wfi'W 

6) t'lfu 

"' . 2.7.3 1:::tl:::runfiUlJU (Pay Back Penod) 
' ' 

• • 
<>.cl "' l'i i"' "' d "'!"'! fll'ifl11 t m mn::v::nf11fi'W 'n'Wt'i'J l'l'iUfi'W'n'W q cu q q 

oM'1 (1nw1m tJft'f.Jfl, 2548) 

(2.8) 
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I I 1 j/ 

fifl Onuma Raturai • 
"':II 0 <'I .,j "' ":II 1 "" :II -=I"'' 1 "" (2007) 1 : mummn Hff • 

1f1Hm1 imu ihJ(lfhif'inluu u q q u cu q 

(Net Present Value: NPV) tvhn'U 184,444,327.74 'Ul'Vl 

(Benefit Cost Ratio: B/c Ratio) niln'U 1.05 (Internal Rate 

of Return: IRR) tvhn'U 61.81% • • 
Ql g) l'j} I 

1 l11 fl\01 'W 'Yl 'W f111 f-1(1 \Olt 1Jlflf111 1 6 U f-1(1\01 fl'UU 'Yl'W 'W • • 
:II i:ll ,1:11 1 1 ,v. <'I .,j 5 l'tf-1(1 llflllfll 'WlJMVlJ (2548) f111 • • • 

2ln . . 
n19ffllf'Ufl'W 1 tiJ'U 1.26 'Ul'Vl/fl1(lf1fll .. . . 

d Q Ql 

d:Ju 2.22 'Ul'Yllfl 1(lf111J 

Sumol Prasongsuk (2006) 

Ill q q q 

... 1 d. I o Gl .c:::::.. t/fj) .c:::::.. 1 .::1 Y tl I o' 7J o 
1J'Yl1J1il'W Hff'U11ffl1f11W ffl1f11W • • • 

... I ... I 3) - l.f!t 0 cv ':'I .::9 liJ " I Ql ' i 'j} I 4.:1. " I Ql 4,004.15 \Ol'U/1J l11flfJllfllfl'U 

i 18.39 cl'1'W'U1'Yl/U q 'U q q q 
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.ll'l "" 'l """ I 1" .I <!t" d ff':iu11 tm'lff11'1\Pl'U'YI'U tHff'\111 U'lNmlfl 2 \Pl'U'YI'Ufi'I'YI (Fixed Cost) • • • 
" I f I 1 I 

t"lf'U 1Hff'li'11 mm1 

• I o' I ::'1 " " ... • I I "" <!t I i " I i 0 !u'U\Pl'U (Variable Cost) !'lfU !'I'U!\Plfl'U fl1 

ttJ'U'I1'U • 

2.8 

2.8.1 (Rice Weevil) (Coleoptera: Curculionidae) 

Sitophilus Oryzae Linnaeus 

Rice Weevil or Lesser Rice Weevil 

Calandra Oryzae L. 

Curculionidae 
I 

<!t ...... 
Coleoptera 

2.0- 3.0 

2.8.2 
u "' u 

""" 0 d <!t '.l"f o"J.Ii"""1 11"'" 'U1 tu 'li'1J1 flfl 1J 

2.8.3 "' . 
n-:h vv mv'W vn iJJm1J1 1 (1 ,r 1 u hi flfl111J u\Pl 1.:1 

"' . 
I 

d:f d:f I .c:::l 1 CV 'j) 'j} I d 
'U1'U 1-2 '111fl1J1flfl11'U 2.7 

2.8.4 

fll'\1111 11:l'll'tJ 
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V <I <I"! c:l"!..t "1 1 "1 1 "'"''li lfHltl l'V'I'n::iTI1'Wt:l'W 'W 

... c:l ... 
f1. 

.,; v v "' v . . . . fll'W'YI 2.7 (Rice Weevil or S1toph1lus Oryzae L.) 

' 
(2548) 

i tflfl t:Jfll':i ltJ trtt:Jijm ':i':i ::mfl "' " " 
I i S) .cl "' Jl .clC. Jl 'J1 C\ CV 

1'WUHf1t:l 11tf1flfl11lJlfft1111tl lfl1Jlf1 W f..!W11fJlJ 3 ':i::fl1J 
"' 0 0 0 'l 4 v i I 0 _.1 v ... ... c:l ... "l v flt:l 20 C, 25 c 30 c 'b' l'll1l1'W1'W 2,250 tfl 

1,878, 2,032 2,074 i1 61, 37 38 i1 54,49 
"' 

41 1u 411, 572 tm:: 431 3.05, 

3.25 3.30 59, 62 52 1u • • 
1,053, 1,059 1,061 Trematerra and Sciarretta (2004) 

iu 1 ':i i tfltJ i 

t'!fu 
"'i .K .J 'l c:l ?I !iJ 'l !iJ !iJ I fl1':i1J':i':i11 tH!f11J ff1lJ1':itiU'V'I':ifl':i::111tl . . .. 

tfltlfl1':iiJ'W hJfiUfll'b''W:: i'Wfl1':i'IJ'W'tb 
' 
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.d C\ d Y o 6} 7J d 'JJ .et Gl <) 
'i:l'l'J (Rice Weevil) 'I'll tfltl .. " . . 
H'11it1 i ffmn t u 'illfli1i1mcs ffl'J .. . 

1 'W Organochlorines Organophosphate 1 ._n, 

OQI d. C. t/c:. t/ 
2 11i flV ('Vl'i'I'I'Vltl 1'i:l'l'i'Yil'W'W'I'I 2548) 

2.9.1 
,di 0 I I Q.l 1" j/ 'HlJltlt:H t'lf'W 

H'n1Jimt'i:l' -3 i vl 1 i vllih fll';j 1 • 
fll'J 1 oMJlJJ'Wfl'lf 'Wfll'JriV-3n'W 

..l! "' 31 "I"" CJf -3lJ'IJVfl11 1J 

Q.l QJ ,. d 4 d. 
2.9.1.1 t Htfl1J flV 

31 "jd 0 .l1'' "jd 1 ' 'Vl';iVlJ'IJV-3'i:l'fll'Vl t Hlfl1J t Hlfl1J 'YI-3flltl 'W flV'W 

'2'1 ... 31o 31 "'oi31 a ... 
!'V'l 'W Vfl 'illfl'b'1tiiJ 'W fll';i t 'IJ l'Yil" 1 tl-3 'Yil '11 Vltl lfl1J'J fl'lll'W l'W 'IJ 'W fl1 ';i 1:1 fl • 

.l1 d "'31 " 0 31 .l1i •31 
10 

8 ili'i:l'lmcsm,rl'Yilmtl 

2.9.1.3 .. " 
11 1 

tiv i..J tm:::flm'lfll'jWf11Vf1 
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"" .- .I ('lfTVW ft''lJIJ'jlfll'i 2539) ... . 
lti )/ Q.l Q.l Ad o Ql Q&!J Q.l b)j}Q tvJvh 'Vm·Nl'W {)lfl'i 

v v 
t.ttlfl{JlflUi' ... 

Ying - Kai Fu and etaL (2002) 
6°Co 2 KGy 1 

18 1t.t 

• "' d o 'I Q,l Q,l " " a tlt.IN l 'j fl\91111 '111fl 11Jl 1 'lf 1 'W flll" lllt.IH fffl1Jf.lll1 1l {I tl.:lll flfJ '111Jlt.lfJ1Jfll" fl.:! '11 'j Vl"V.:Il"1J 

(l9f'111t.t) 

'W itJ 

i ?I i i 0 "' I "' 2.9.1.5 fll'j 'lffl11mf.lt.t tiJtJfll'j 'lffl11mtlt.t 

"" i "" "" 1 "' 11 "' "' o' 1 tltu'l1fl1J tJfll'jf.l1J \91'\Jf.l.:!UlJM • ... u 

.d 0 Q.l 'Ill fj} Cl _Ji .q Q.l J'"l I Q.l I , 

'Wl'Vl !lltiJ'Wf.ltJ\91'jlrJ\9lf.lfl111J.:If.lfl 'lJV.:I'lJ11 . . ... 
ttJiivn (Cotton, 1963) 49 °C itJ . ... 

"' ,X4 · .1"" "" 

'JI A 4 Ill ' .dt v 
mty tiJt.t\9lt.t 
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' . .:::1 cv f Ql 'j} • • 
2.1 (Ftelds, P.G. and W.E. Mutr, 1996) . 

50-60 \911tlflltlh.! 1 'W1Vi 

45-50 

35 

33-35 

25-33 

13-25 

5 

-10tH 5 

-25 -15 

d .... '1 4 .C), , 2.9.1.6 'WfffllVHHl.IW1filff . " " 
'1 \1 '1 '1 

'1 'JI a .J ..\ "" d :'1 "" tq_ 1 bJ 'JI • "" .t bJ bJ <I "" '11U1J"-:J\911tl1n'U'W f.l1\11VWfiVlf'VI1IJ'W'Wll"-:J !11 l'lf'W fi19l'fll11Jf.l'W 
bJ 1 :'1 'JI '1 'JI "" d :'1 d """' .!! d 0 '1 'Jibj d t'W mt\l'W 1IJ'W\91'W 'VI'W1ll1 'lf 

,gn • 

.!1 I .!1 I d "" bJ .J"' 'JI :'1 'JI 0 t'lf'W -wm t'VItl tiJ'W\91'W 

ff'-:J11" (2546) . 
'1 tl\11fiU '11 Zingiberaceae '1 url-:J 

Zingiberaceae J-:j 6 ,;1 i-w" 
o cv Q.l .q cv 

f.lf.ltl 1IJ'W\91'W Hydro-distillation "-:J 
d d "" .!1 'JI 'JI 'JI 1 i'JI"""' I 1: "' 2 'lf11i Impregnated Filter Paper 'W1J11 'W11J'W 

Lcso 48 .;1111-:JtvhtitJ 

10-543 13-693 ppm. m:uri1i1J 

'1 tJV1-:J i . 
1 iti ff-:J1'W'W-:Jfl 

" 
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'j) 9J .c:i I 0 Q.1 I ,a 'j) 
'11 HlUJ'IJ11ff11 llJ'W 

"' 
nr11 3 iu "' . "' 

QJ lq 1\1) 'j} 'J) 'JI Ql Q.1 .a Q 11} fd 
t'IJ tff'W tlJlJ 

"' "' 
Nrl'l'll i i 'W l'Wtlfl • 

"" i 31 0 <!! i I bJ lbJ 31 31 I i 31 t'IJ 'If 

J1l1u NfflllhlTu mu 'Vi('! m '111vrill t ff'W iJu 'W 11..! lJ n 'W i vf!:ffi\91 iJ .. .. . 
iliiJN(l . "' 

Vfnvumrlui1 . .. 

J lll'W llT'Wnl'W'Y'Irl cu q q q 

fi111J'IJ11 fi111Jlgfllll1'W 'Y'Illil 

., I • 

-·.q Q.l 0 Ql dll)'j} d '" lJJ'W11i'YI'WtllJJJUll\91 tf!N(l 
• .c!l .c!l i 31.J "i o' d a 31 i 31 :'1 d ... o' d i 31 ""d .£ 

m 'lfff11tfllJ'YIUUf1tJ'Y11i'Wl'W 

fl'm1ff i.fl iflfl iflv i .. .. 
ff(lltl\911 i .fl 

2 fiu 
I d. I ll)!iJ.ch 

2.9.2.1 (Insecticides) tf! 

ffllf·rff i lUlff11rlllt'li'1 t lJi 'W 

2548) lJfiW ffllll1ii 'W . .. 
iunrillvvun t'lfu • 

Fenitrothion : Sumithion) Chlorpyrifos Methyl : Reldan) Methacrifos 
31 i I 11( .::! Q.l t/ t 

f1Ufll: Damfin) Dichlorvos 'l..!f1'Jll Permithrin, Cypermethrin 
a 31 .a 31. .dV ,X 

: K-Orthene) Deltamethrin : Rtpcord) ttl'l..!\91'1..! 
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t'lf'W 

q q 

.c::t.d d 1 1 <!I ... "' 2.9.2.2 ffl'!i1ll (Fumigant) 'Wa'll ll 

'JI ?I 'JI ,; o .., "" 1 'J/<!1 'll'fltl 

1) fll':ivl'W.flltJi tlfl h 'illl 

t'lfu "' 
... 2 I l1 .I 'l d Phoxim, Fenitrothion Chlorpyrifos Methyl tll9l':il 0.5-2.0 g/m . 'Y'I'UI9lllJ'Y'I'U tHtfl1J 

1M'..t1 

Fenitrothion 20 l1'1t1 Esbioallethrin 

Deltamethrin (Deltacide) 5 . HffllthlTu tCJfril 100 6 l'i'W 

3) Yi1 1M' q q 

<!I <!I 'J} 1 i <Jio-f .l!1'J/'J/1dl I U ffl':iHfflJ l1 'UVI':illfltl'W1J':i':i'il q q • 

--1 Q I 1 'J} I I 'J} iJ i 'J/ I 0 · Q .l! 
'lfn'lHJ1UlJft.:J'ill'U1'Ulllfl CJf.:J ! cu 

fl1':i1-M'11lltiungu"l 1 fiv 

?I 'J} 'l 1 'J/<V "' ... ... I Pirimiphos Methy Phoxin tfltiVl'il 

4) 

m1vi'W ffl 1 rt m 'ili-M'mr mn lltll 1 

1 ll flfl 1-:J fl 1 if'IUlJ .ij' llJ 11 m.i 1 "1'11 

d .r:!l 'J} I Cl, o I de!i 
5) fl11 flflfllllftfi'Y'I'Il'fl1tlffl':i tlfl11 U lffl':i Vlt 'iltl q 

'Yiu 
- I 1: 'JI 'JI <!! 1: "1 'JI .l! 'JI o 1: .,j i 'JI <!! 'JI 

l11tltltl tfl t'Y'Itl l1t'iltl'ill.:!Uft1'ii.:J "' "' "' 
0 1 'JI d I d1 'J/1 d d I d.c:s I Ql f/ 

'Ullll 'IJ'flftflllJftfl 'II' U tVU 
q q "' 

1 'Y'I1VIi'll 1 'Y'I1VIi'mY' 11'1 tlt!t!i'm1 11'1t1 

'll ':i tfl VI m i' 1J1 tll VI 
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1J 'hl 'i 1 ,j 'W 'YI f U fi' 'HJ W ( 2546) i 1 "* ff 1 'W fHYlJ '\HHilfeHY fJ 'W tl 1J • 
<' II) "' o' dt v V v "' fil'i'Utl'W IV'ltl (S. Oryzae L.) 

1 V .,;.,. o' "' "' o' 1 (Rhyzopertha domonica F.) I. Athie et al. (1998) 'lflJtlffTt'W'YilJfil'i'Utl'W r-lff:JJ 'W 

"' I .I "Q " .I " Q " "i dt "' v v 10 20 lutl'i !u'W!dC'I1 20 'lf'J tlJ'I 

V'l'll trl i 
& o 1 V 1 v 1 <' II) o'1 v 'il'I'YI1f11'i C'l'l Hilton • 
and Banks (1998) 1u 

80 fi'll,r11 V'l'll11 

.d I "" "" v "i"" 1 "i Q .I "Q " I "' .I "Q " 'W 100 53 
I II) Q"" o' II) <V "' • .J o' dt <V "f 'I "j Q 

tltiH t t'W t H!fl'U 

1 v"" "" "" o 1 v "" "' "" "" dt v .d Q llfi'JUJ 'il1tu'W 'W f11'i'ilJ V'l'i flll'YI 'U'U f11'i tl'IC'I nttu '\1 fl'lf119f 

11' 10 ppm. Atapon Noomhom et al. (2005) 

1 tt1mr1 200 

ill'l 8 mf 5.5 ill'l V'l1li1 •• v • 
f11'i'i llll'l 2 n ff'Yili fl1V'l1 'W f11'i fi'J'Uflll Ull C'l 'ltiJ'W .YhJ1V'1 u1 'il ff111 i' 'W 'YI'W 1 'U f11 'i'ill n19f • • 

2.22 'U1'YI/n1C'Ini'll G.S. Germinara et al. (2007) 

fln'hl1m'i 1 11l'lil1uufl V'l'll11 

tr111i'1lm'i 1 1111iliuu n 1 • u 

ff'nttmV'l'lum'it11 .. 
a "f """ v1 "" "' .J "f v "" 2.9.2.3 !fl'ifl'lllfl'YI t'lf 'Wf11'i'ill (Tarpaulin Fumigation) 

.I " .I I "" .I " v v "" v "' "" "" Q'1'YI'i1tt QumwnnuC'IUttf119f lf'W1f11f1utl'lf1'Wf119fV'l'hl 

ff1'i'ill H'wnu 
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" 2.9.2.4 'li'hii9Hlhlfll)ll.HJ1 (m111'lflfll'Hfl'hl\9l'l', 2550) 

1) flV.:JJ:-H'IHn\91 lJ'WilY)V.:J (Pallets) 

Q.l "" ,:!( Q.l 4 .d 4) 'YilJ'lflt1Hl\9l1UQ.:J'YJ)ltl 

5) tJcivvfh'lf t'lfu fiv 
" .Ji ... I I :'t I ' I Ql I I \9ll'WlJhl 3 111\9l'l' 11f'I1)11Vtll11.:J1llfl'UVlJ . . .. 

y • .1 • 'I' "'LI flV.:J 1.5 111m flVhll Aluminium Phosphide &1J1l.:J 

I "" y 'UV.:Jfll) )11 ffl) U\91 'lf'W \9l \9l1tl 

ij 2 11i fiv m)tlv.:Jtiurl11i\9l hwili1-N 

ffl)Lflij fiv 1r1'111m!lhltn'hl\9l)flhi'Y116 

fiv 
mnhvvn i.:JJ hi'Yh 1 11' Wj,j[J : . 
• ., 1 , ''I " "" .l " 1 """" " A .J o ,.1'1 "" o "' \9l[J 11 l'lfff1)1fl111lJV.:J\9l'W 1J l'lf lhlfll)fl11J\9l 

111 

Q..f .:l.c!l .... 1 2.1 0.1 fl1UJ1UJltJ'Utl.:J'HtftlUrt1ll1VI 

"""" !:'1 A I d liJ • .1111 "" .l! "" i' .:JffV'I.Jl'J)111\9l (Infrared Radiation) 11J'Wfltl'WU11t'Htlfl mnl'lfhl\9ll1'W.:J lJl.:J'YI 

{1 tlfl11 l .:Jff i' .:J ff .:JffU\9l.:JfiVijltl'Ufl UVUfl11Uff .:JffU\9l.:J 11'J'W i' 

i' '111 1m nvJ i' .. 
.d t • 

fl1111tl11fltl'W'Yifl11.:J1Jlfl flV\91-:JU\91 0.7 flm f'I.:J 1,000 flm 

1\9lmf1 3 

fiv (Near Infrared) 0.7 flm g.:) 3 flm U'I.Jl'J)l!)\9lfltll.:J (Medium 

Infrared) 3 flm g.:J 25 flm (Far Infrared) 
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25 Jlm 100 Jlm i£J'lfU 

t1:h.J 5 (Prapat Tongjun, 2002) 2.2 

2.10.1.1 (Near Infrared) . " 
2.10.1.2 i' (Shortwave Infrared) 

2.1 0.1.3 i' (Intermediate Infrared) 
Q,l .... 1 'j) 2.10.1.4 1 (Thermal Infrared) 

2.1 0.1.5 i' in" (Far Infrared) 

Class Wavelength Frequency 

Ultraviolet 100 A- 0.4 Jlm. 750-300 THz 

VisiJ:>le 0.4 - 0. 7 Jlm. 430-750THz 

Near 0.7- 1.3 Jlm. 230-430 THz 

Infrared Short wave 1.3-3 Jlm. 100-230 THz 

Intermediate 3-8 Jlm. 38-100 THz 

Thermal 8-14 Jlm. · 22-38 THz 
' 

Far 14 Jlm-1 mm. 0.3-22 THz 

Sub Millimeter 0.1-1 mm. 0.3-3 THz 

-' .r ' v """' -.1 2.10.2 

i i !f-11 

fl'l1rt IP11tt'Yi'li' 1 unnli1nw trlv 

i t'li'1 i 111 vvn 

d 
fll'VfYI 2. 8 

... 
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2.to.3 

ll1111fHHJfl 

l lui tltltl 1-)' .., 
lim u (Converter) .:J fffluvh 11 i 

tl'U 1 mi'tfltl·m'1 til fll'j tl'U 11Jm fJ -n Q i,j-h1l 
: Jl ' 

vuu n1 rJtflii fll'j ll1-:J1'W iH1 v 1 1f -n-n u vd q I q qJ 

'JI <V 1 <V bJ 'JI .l d <V "" .. , 'JI 0 I 'JI d "'"" 'JI 
1'\lltl'U !9f'jllJt1'Yl 'Jf'Yl1U'Yl.:Jt11llJ'jtJlJ 1Jt1W t1111J'j tl'U • • • 

i lii,jf1 

fl'Wli'jl! 'j 1lltlt111ll1' vu i .:J vu 1 1 umff'um 1u n n .., 
'JI I I .... I d 111 "''Pot .. d 111 'JI <V A "" •• 1 .... t11'UtJllt11llJ'jtJlJ fl-nuullm-nn 

0 i 31 'j) Ql a..-:::. Ql .d ll) ,Q.I 9) u 11Jl 'lf'Vl'jtJlJfl'U ru flltlfll'Vl '\I n 1 mu t1111J 'j vu (Prapat 

Tongjun, 2002) 2.9 2.3 

tJW ffllllii'Yl1-:J yj .:Jfll! U fffl'Uli'j1! 'j t1 
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1. 'J} ""1 2. 

"" 4. 3. 

"' "" '1 "" 1-rl 5. el'H'Wl'l'W 
"" 'J} 6. 

1. "' 8. 

tJ "' ... "' 9. u 'Wtflelel1 10. 

Tip3Zr02 , Fep3 , Mn02 , Clay 
... "' 0.9 fl 

1 0 'J} fl11lJ 'ff1lJ11 (I 'W fl11l'llfl11lJ tl'W 0.7 Kcal/m.h. °C 

2.0 X 10 ·5 

3000 MQ - em (20 oC) 1,150 MQ - em (100 oC) 

- 5 Mn - (5oo oc) 

2.10.4 tl'ltu'VnU'lftilfl', 2549) 
q • • 

I 0 "'> <V d "'> •• 1 'J} , <f 1 
2.10.4.1 ff'iH'll'W'il1fltltlfl 

'lfU '11 trl ri u ff 1 1 'H" ,J 11 tl1 wrvi f111l.l tltlfl 1 'il 

1 i' u t1:lui' 1 1 

2.1 o.4.2 'illfl 1l.inttlel1 1-rl u1u .. 



0 

0 

50 

30- 50 

., . . 
2.1 0.4.5 i 'H q 'U q q qJ 

2.10.4.6 " ., . . 
2.10.4.7 

2.1 0.4.8 i ium1cMtllJUC1flJ 
q 

., . 
U fl11JfllJtlW 'H fliJ 'H fliJi ,ri i(O)t:llJ lfll'i 

qq qJ q qJ q q 

i 'H 1Ji1U1J1Jfl'W'VJ1 lt 1 'VJ11n i(O)t(O)tJ! 

2.10.5.1 1 fllJ 

'lffin11 1 fllJ fiv'lhvff:ai'vui' i cu : q 

llL(i"" "" "' <j oi"i""' """" ,I .Ji t,. ,J &lJ 'H 

(fllflr-.I'W1fl fl. ) 

IH H 17 x 550 I 220 - 650W 

0 
., 

H, V i'lf I 
'JI I o' 

(lJlJ.) 

fl11lJtl11 (lJlJ.) 
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2.10.6 1:;uun11UrJ1'-3« 

l1 ii'u vi'ln1fl111J 
" 11 "'>' I 1 ... ... 1 1 " " Qq .l I I "J Q HJU um1 l1fl11111tiUf11J111f1'1JUtvt1UU tlt11'1 tmmll 

i tl hiffJ11ff1ltl 

i 1 i' 
q q 

i vu i q • 

i'l mh1m'il ni u 1 flll 
• q 

7J :'1 ... 1 .C\ .C\ I I I 0 9/ I Ql 

50 1!1U 'YI 'I'YI1fl111J1 tlU 

120-250 

'"" .... 2.10.7 fll1UN'Htl'VI1'1 

tl'l i 'il1f1f111 'I ii'fiu 1111 f!fl gu v11 1flfl 'il1nn 111'i1'11u 
" . 

lf!tlfll'i 'il1Vi' 'Iff (Radiation) 'lt'li'1l111ff11ttlm111v tflv ili 
q q " . . 

'U n1u 'il1m7u 'IJ mmrYVi v 1 tl'IJ ,r 1111 \1Jl11i' i tl d1u Q 

" ,. ""' "',., "'" ""' .,f ""' 1 ""' "' "' .., "' "'"'" tJ !fl'Vlf1'Yiff'Y11'1 !11 
q q 

ll.J 'IJ tl 'I ffff1 'j 'Yifi'li'U f) tl 'j tl1J 1tl tl tl1J 1 u 1U 111 f) 1111111 tiu 1 tl q q 

-1"""""" d ,. .,f ,. "" 0 " ""' ... 1J{jf11t11'Vll'l1fl1J'IJU 11Ju f111!'ll'tl1J W'l 'Vll'l1fl1J 'Vlll1 U 1'YII fflltlU fftn 'I ti'U 

ffm liMi .a-u 1v11 11'1t1 

1 v u Vi vrl' 'IJ 11 rl' 1'1 t1 f!nmm 1 -«u 1 Vi t1 u vu tl 
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I .,. F- I Q.J C\b) I Q.J ... I 
fl1 Hfl-.1 fllJ 'U u'J IPI1 1.1 t 'Ul-.1 u lfi'YI'U fl 

.d .:::! 1 d I Ql "') .dl d I .c!l i I 
ffl'H fl1.11 UIPI'UlJ Hfi'J t lJlflfJfl 9!' t'l1 lJ 11fll'J ffl-.1 'Yifll-.1 1.1 

1 U1P111.1rl1iu 

' v Q,l 9) dl y Q./..:::10 .::::! Gl .QQI 

'I (High Absorptive) lJ flfl'il1fllJfliPI'i1fll'J 

G1Vl flW'l1 i-hmr l ca '\1 q cu q 

fiW l 'Iff q q cu q 

o Q.l A Q,l .d.c::t.c:' A , d 
ff1'l1 'i Ufll'i fl fi111J 'lfl-.1 1ffiOJ 'YilJ 'lfl-.1 fi111J 'l1lJ 1 11 fi111J'lflJ \j t'lf'U fl1 'l11'i fl 

'I (Fellow, 
QIQIA Q.J 

1990: Ozisik, 1985) (Moist Materials) . . ... 
ff ff1JU1it 1111J lJ • • 

• • • 
1 'l11flfl1fll<s ri 'I H1lJ w 1u iifi 1\i 1 .fi 'U fl1'i gu 

• 'JI I I sJ 

ff 'lllfi111JV11fliluff'u (Ratti C, and . 
Mujamdar A.S, 1995) 

ff1'l1 nUfll'iU'i '*f 'i 1 1u . ... . 

ilil m<s l '*f 'Iff 
' y 

Zhongli Pan et al. (2008) 

l '*f 

wui1 1rlfl 

hf'i' 60 1u1l1 
"' 0 I A' liJYY •'IV 'I d y 

fJW'l11J1.1 60 C 1.7-1.8 'Yil 

1liiim<s111Plfl in • 
fl'IJ lJ fll'i l ,r fll-.1 11Hi' fffllJ'VJ'i1! ':i ,r 1J 1 lJ 'l1 rt 11 'YilJ fll':i ':i 1.1 

"".l1 •'IVY "" A' "' J, I d 
ffl'i lfllJ t'l1'U11ff111Jfi111J'lflJ 1W1.lfJW 'l11J1.1 'ill-! 'YI 

CJtfllJi1flV i 1 tlu'l . 
"'dYliJY 'l ... .,j.,"' V y""".,j •'IV<; 'J) 

fllV Ldfllfl'Uffl-.1 !1Jfll'Yiti1Jfl1Jfi111J'ifllJWW11lfllJ'1 'Y11 t'l1 &fl'i'lff':i1'1'Ufl'l 

(2547) 

wui1 (1) 50- 70 °C fliPI'i1fll'i . 
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hnuvhn1J o.s4, 1.23 1.92 Mlmtn1tl.lm/u1li 0.5-6 u1li 
"' 

" 0 cv G) " .:!1 d G)'JI , .d Q 0 Q.l 100 (2) &lJ'lflJ'Il11l1J"flfl'HlJ110 l9flJ9UlJ\911 &'lf"lJ1fllJ'YlfJW'HfJlJ 65 C fl\9111 

nn1,..,"mi1mh:j o.s4-L92 "nmffnLlJ\911/mli 1-21u1li "' "' 
'1 I <VI o'!V ,N V V V V V V"' 

m 0.7-1.3 1.2-3.5 '1111'Hfl 
V o 'I Y01 .ct y Y o"' 

L .... lJ'IllJ 1.5-4.5 .... 2.2-3.6 (3) 
"' 

G) t " ... lol!!t d Q Q 0 Q.l " &lJ'lflJ'Il11liJ"flfl'HlJ1 10 l9flJ\91llJ\911 VW'HfllJ 70 C fl\91111'111 &11" 0.54, 1.23 1.92 "fl1JlffflllJ\911/ . "' "' 
mli 1 100 (4) • 

'JI .:!1 d .::. , Ql t 
30 X 30 X 100 l9flJ\91llJm 

fl'Ul 1,400 1191f1' fllfJ M 
d "'"' y ... r..., y o'l y .r,. d 

&lJlJl &1\9111 • • 
(5) 100 80 fil"ni'wi'1im 

'I y., d... ..1 0 "' "' y 0 'I y ... y .I 0 ,N y 
fl11 &\91 .... lJ'IllJ 8-15 C 

0.1-0.5 L\91vhhh 1 .... • 
I 'I "J Yo «!! 'I V Y Y .1<!1 d.ct I Pradit Ramatchima (2008) &'Hfl11lJ1fllJ'Il11liJ"flfl'YllJ9lflfl11 

<V 'I 'j G I<V d Y .1<!1 I Y "J Y I<V d 

ff\911&\J &Hlfl1Jfi11Jflfl1Jfl11ff9l111lfffl1Jf1Wfll .... 'll11l1J"flfl &\91'il1flfll'.iUf.!Hff'llfl-:J "' "' . 
1\91 3100 1\91f1' tJiJlu 

y <!! "" "' Y .14 flfl 120, 140, 160, 180 200 60 

180 .... 6 
• Jl • ' 

18 .... 1J·;h s liv\9111m1tlau 60 rl111i'1J . "' 
Y .14 ,d G '1 Y G o "' "' I V Y .J'I I IIJ.IliJ V Y '1111l1J"flfl'Yllfl1J llJ 

100 .... 98 

180 96-98 
0 0 I 

Q 0 .:!1 0 V ,..J.::!l .c::l t 'J/ lq ... J.c::l d I 

VW l1 fllJ 180-200 C llJfllJ 1'1l11llJ" Vfl'Ylf-11\J fl11lJHllJ wffm11lfffl1JfiWfll .... H"flfJH q qJ q cu 
0 I 

Q Q .A:!f .. I':! d. Q.l 'JI fJ} Q f 'j} d I 'J} G) 'J/ 
0.8, 1.0 1.2 lJ""llJ9l1 l .... W1J11 'll11'YlH1'Ufl11lJ1VlJ &11 

v .dd .:!1 Gt"' ,J " y 0 Q.P, dd 
'1111'Yl1fl1J 6 &'Hfllll!"rJ 56.6-57.3 0.1-0.6 ffll111J'IJ11'Yllfl1J 

.:!t GJ j/ I .d 'J} e:9 .l j/ .d. Q.f j/ Q,. CV 

18 &'Hflllll"fJ 42.6-42.9 1.6-2.0 180 fl &"mlJ/ 
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d ol!!i Gf , I .d j/ 0 Q.l I Q.l d 'J) .cl I .d. 
tfl1J 18 t'Hfllt1HHJC1ml.:J 0.3-1.2 1JflltlUJ'IJ'W 
d " ,,.,0 <!! "' " IClfl'WUtl Ragab Khir et. al. (2007) 
V '} 'I V.., <=1 "'> _J <!! I 'I V "' V V 1IJ V 

'1111 ff11J1Hl tfl 

60 °C 
G)j}d Q.l I fj} .d 
t'Htti'W\911Vtll.:J'l11COJ 10 

ff11111 Zhongli Pan et al. 

Zhongli Pan et al. (2007) 

U1JC1.:j UW'H.fllJ60 °C i.Une11 60 1uTYi ff11J1Hl . .. 
o 'I v 1IJ V 'I 'I V • I "" "'"" ,Ji "' IIJ 1 111 V "' - I _.'1 V "' 'YI1 t'HU1JCl.:j\911tl tft tfltltu'Wfll'i'Yif!ClV.:J C)f.:JtJ.:j t1J t'lJ'fl1J 

(2547) 
d 'I 31 I "' 31 I ..Ji o "' 5) .!I dct lf I 'I 'I 

tlJ'Wfll'i tflti'Yif!Clfl.:j t 'W 
v .I"" """ ,Ji "' , 1 111 V o ,.1'1 "" CJf.:jtJ.:J 1J tfi'W1 11 t'lJ' 

.. "'I I 'I "' 'I ""' """" • .I ..9 0 "' 'I 5I ..Ji t'H1J CJf.:jllltl . Ql .c::l .:::.. ... J 61 " 0 d. " .c:l 
Cl.:J fl1t1UW'H.fl1J . .. 

" i.:jU'W 'illflii'W 1 'If • 
""·"' J IIJ" .. " 'I " ..9 "' """" .,; lf t ! 'W .:j 

" 0"' t .::1 0, -1 d. d 
'1111 fl t 'W'IJ'W\91V'Wtflt11 'Jj'fl1J ! Hff'IJ'W1fi!Clfl t!Cl::'IJ'W1fl . . 

-uun'il1ndi' 
'I " • " il "" lf "' .. .... " " d I l'lJ''W 'IJ11tuC1Vfl 'IJ11t'H'Wtl1 I'WVff\911 f-.lfl flCl1tl 
"" .. 1IJ " "" I " 'HlJ'Yfl'W\91 tlJ'lJ''Wfi\911-:JCOJ tu'W\9l'W (Withaya Insorn et al., 2009) 

i.:jJu 11 i u u 1n1.:j l.U.:j 1u i' .:j 

1 1 11-rl'\JJJ'W1 

i .ui i u,Y11ff11 i.ui i 

'lltl1tJ111iu 1 'HlU 111 
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t!Q.oQ.I!:, 
2.11 (Analytical Hierarchy Process : AHP) 

ntl'W f11'i 1\11 'W f11H11U 'W 'WU tl·HntJi' 

UJHN 1 'W oU1Tffl'ii1 rJ i l U'J'W f11'i ff'W 1 llit m i;lliU 

iu iHi1.u'11 

.. 
tle:::..ov<V 

2.11.1 

"' ... 'I .,;.,._I ... ... i I ... 1 ."f f11Hlfl'ff'W t tJ\1 u fl u'i flVlJ utyi11 

vvm rJ 'W l 'W 'iU '\1 \9l11lthiuiu 1n 1i1'W mm tJUl'YitJuif \1 i tJ I " , . . 
i 1m ri 1U'WlJlrl1'W 11i tJ ttl;'l l u fl11lJ 

(icmrf 2542) fiv 
" • I 

' .d o 'JI v .d ... l d o 4 _ 1 d Q.l ct " Q.l 

11 !'W'W 'Vl 'ff1fl\\Ji11 i1 i;'lfl lJfl11lJ'ffVflfl" fl'W N" 
u • 

'ff11l1Hll.ri 'W m'iifl ff'W l u flfl "li 'ft1lJ TiflU1tmif 11 i tJU 1 i . .. 

"' 'J} .<!1 i 'J} d "' 'J} ='I I 2.11.2.2 fl11lJCJfUCJffl'W flfl!Wfl flH'ff'iH'VlCJfUCJffl'W VflfllJ1!ulJ'ff1'W"l 
..; GJ 'J/1 I 'J}, 

11 

2.11.2.3 

iYu 1 11mi1 .. .. u 

2.11.2.6 flfl'ff1lJ1Hl\9l'n1l'ffUUW:h flU!JUll'iftJ l11rl1iU .. 
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, Ql .o::::t. Q.J 

mi 6 (1CVJ'HJ 2542 : 58) 

2.11.3.1 1 
" 

il il o' ..., ..., IIJ '1 il ""' 0 d 1 <!I 1 l U'Vltm::ff11-:Jff11fl t11 

2.11.3.2 2 

. . 
2.11.3.3 3 1 1 'iJ 

m1iu cyj' 1 'il 
1 11 ., . 

<Vd o LS 2.11.3.4 'U'U'Vl 4 
:'1 & 'I -1""'""" .,j 'I il & 1 tu'Uflll1::1Jti.:!U'U1'Vll.:J rrw 'Uflll' 

., . 
2.11.3.5 'li'u'Yi 5 iu'illi'mmvut'Vivu 

1 'il 1 .U .. . 
., . 
Q,J d. 0 .c:!l dod .cS. 2.11.3.6 'U'U'Vl 6 

W'il11 w lrlli'Urt1111 .,hfirut cyj' .. " 
tlfllJlfiW tiu rlli'Ufl1111 cyj' '11 'il 1iv u "'1Ul J 'U 1111111 tiu .. 

lrlll"l'Ufl1111 fflflt)J1111 'il::, 
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" . cv Q.l 

1 !JJllUJltl (Gold) 

" . «V Q.l .ct. tl <V 

2 !flU! CVI'IHHl 
r---......_---, 

A B c 
(Criteria) 

l 1 1 l l l 
A2 A3 Bl B2 B3 Cl C2 C3 

(Sub-Criteria) 1 T -, T T 
,- ,- r-'-
Dl D2 D3 

(Alternatives) 

D . , 
ct. Q.l oC::to Ql Ql 

ill'Wfl 2.11· (Saaty, T.L. Keams K.P, 1991) 

, 
oU'U m fl i 'U fll'iltlthi Utl111J 'tYlflty'\J if 11 ,j fi v ti!ID ti'U rnmJ 

tl:J'Uti"l flltl i i 'Ufllmn ti'U!Viti'U 

i u l11v1i'U titl:Ju nCJ1 i u 
!!H'UfilJ lnl1

1 i ri {'! ffrl' ri ffllJlHH:U ti'U l1 cni 'U'i lJU'U'U'Yll ,:j .. .. .. 
0 , 91 

l1 

Cl, C2, C3, ..... ,Cn 

Al, A2, A3, ..... , An 

u '1'1 u 111 'YI u '\J m w ct1 m 'j ff'U, 11 
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' . . 
.ct Cl d'd'lj} _f.! d I 

\lll':iH't1 2.4 (Saaty, T.L., 1985) 

J QJ ... ;) 

A1 A2 A3 ---- An 

A1 1 3 ---- ---- ----

A2 1/3 1 ---- ---- ----

---- ---- ---- ---- ---- ----

An 

Ci n'U CJ. 

itJ'lftJ 
" 

mmrhu ti'Utfiv'U 1m 'l 'il 

'il1i'tl l1ltltltlflfi111JtitlJ i t'lflJ lJlflfl'h 

i 'il1i'v 'il1i'mmv'Ut-Yiv'Utrlu 

'lf1tl!""lJtl 

... tl tl 
1::fltJfl'Jlll!'llll'll'U fl'Jlli'Hlll£.1 

0 ... 

fl161itJltl 

'llf)'lfl'Jlllthflty 

3 

5 

7 • .. w .J. i ,., "i i d .-! • F.! .. illlln'Vlt'J''l !llflhmJ'IJt'Vlf.I'IJ 

9 

2, 4, 6, 8 i .t::S. .t::S. ... I t "' " .IQ..c::r. OJ i Ql d ..,S Q./ 'Wn1f:UU1::'Wu1::'Wflll un:: 

M 
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¥ y y 

2.11.5 1um11u-rn::lh:iul'mnunhfl'w ihiu i-rw u 

2.11.s.1 u .. 

0 I ..:::). <J' 
2.11.5.2 fll'U1W111fll Normalized Matrix 

y 

2.11.5.3 fll':ilnrlli1Jfl11mhfl't1J i uihi1Jiu5f!m hJi u 
1 2 'illfltTulhflltflWctlfll':il'lfliYui:o 

fl'll 1 Normalized 2 .. 
y y y 

i 'Uri li1Joir'U ':i 'il \lmJu "'] Vllt oM'U U 'il'U fl ':i1J 

2.11.6 (Consistency Ratio, C.R.) 
y • 

'iiuVi 1 fll':ifll'U1Wftl Amax 

2 (Consistency Index, C.I.) 

C.I = (Amax- n) I (n-1) ....... . (2.9) 

y • 
Q.l od I Q.l .d. j} I 

'IJ'U'Vl 3 (Random Consistency Index: R.I.) 

R.I. 2.6 

. . 
I . 

9111Hfl 2.6 R.I. (Saaty, T.L. 1985) 

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

R.I 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51 1.48 1.56 1.57 1.59 

y • 
Q.l .:=! 0 I J/ Q.l 

'IJ'W'Vl 4 (Consistency Ratio, C.R.) 
v • 

Q.l .,:::! .dl 0 \q 3/ .c:::t. I .c!l I 

C.R. = C.I. I R.l C.R. .:S 0.10 fltl11Vti:JJ 

trm1fl C.R. > 0.10 - ... 
v 

tViv1J hnJflflfli' 

ffTH ::1J1lJ i u fl1im11 111111:: • v 
1 !II"'"' """' liJ !II 0 <!i "' "" i i Withaya Insorn et. al. (2549) tfi'Vllfll':ifffl'hllm::1J1'Ufll'i\Plflff'U 'il 

• v 
i 105 : fll':ifflniPl'iiu At!'U fll':i 

AHP n1Jff11mwm':itfl'hl1Pl'i -w1J·h 

3 fl'ui1Jum (1) 83.3 (2) m11J 

58.8 fl1Plt1:Ju 
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" d d cv Ql di 'V i "' 26.6 3 U'Wfi'Ut!lf1 'YI 'IHlJ'WU'W"l'Yil-:1 

d o i 'V "' "" oi'V 'V "'?1 'V 105 flU (1) 'HU'IH 

21.7 (2) 20.7 q u u q 

" " 'JI ' 
15.9 i 'illf1f1U 

0 i 'j/ ... 11) 'j/ I ... 105 

W. Insorn et. al. (2010) 
Ql .. J 4 0 Q.l i " .c:l d'd t'WUfil'ilfiUlJCI-:1 : 

AHP n'U LHffffl1filWtf1£JIPI1fl'W'YI1V • • 
-wu-J1 3 uu (1) u <u q q 

91 ocv 
wnmuu 6.1 

Aroun Ounthaisong (2006) 
" . . 

'W'Ull i"l*1flniifl1llJ'tYlfltui'W 3 U'Wfl'Uttmfiu (1) u • 

15.3 (2) 8.9 

flfltrlu 8.4 ffl'Hi''Utt'W"l'VIl-:1 hJi'l1 i'li'tnfl • 

fftll'WU"lflti'UlJ LHii''lfn 29.8 flfltrlu 

20.1 unm tn-:!'Wrl iifllJ (2552) 

ri uu i lll -wu 11 ffll .. 
Ql .c:l QJ i o!!l " ' 111,.. t "l " 'il'W flU tli'Wfll tel''illl'Wl1 • 

':ifl rh 790 USD til iflt.J1fi'U':iHJf1 580 USD 
'j/ '1 " ' ..:::::. Q.l .. I tl d " 'tq • " ,J 0 liJ 42.33 UIPI 'lftdC!llJ1f1f1"lltfllJ 3 "l'W 50 tlJUWlf'WIPI UIPI tlltfl'Wfl"lllJIPIU-:!flU'Yif11'11'Wfl t"lflU 

10 1u 

Omkarprasad S. Vaidya and Sushi! Kumar (2004) 

-wu-J1 

i 'J} Q ..:!t.dt i (Analytical Hierarchy Process: AHP) tlJ'WtfllU-:!lJU'YI'If"lU 'W 

nnifliYu 1 'ilMCJlt.JMrl'mnwcn i 111 i • 
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i 'il i i-M'm::'U1U m11tm i 11' . ... . 
Ul:l::ihh:: 1V'l1U chHf'Um111i'vn'il:: ... . ... 

ill !J/ 0 -1 "''I v Santanu Das and A.B. Chattopadhyay (2002) t'l1m::'UTU 
..::::. t/c::,. 0 Q.l 0 (LJ .Ci a. ' 

m1 11m 1::'11 t'l1 'lJ'l1U ff1'111'Ufl11111 ::lllW m1 fff:llU ::m1 fffl'111 fl1 'Y'I'U 11 m:: 'U1l.J 

fiBijfl11 i i l.J 't'iJ 1 tJ 

i -M'i 'thu i AHP -M'tJ1::mw m1 u • 

.t:!l Q.l ' Q.l e£ d d 'J) fl Q.l a. o'liJ o' 
nmu::tm m '11 l:lflfli:llfll1 'lJ BUn l:l B'Ufl11 t 'lJ 

3 -chu fiB (1) 

(2) 'ill:: Ui:1::(3) flUfffl'111BBBfl l tJt lU UfltJ'i::UlYl 
.,j <!I ill_l'l -1 ... .,j <!I .,j 'I !J/<OS v AHP tlJ t 'lf t t'Y'IB t 

ill v 0 _I "'" !J/ · Kamal M. AI Subhi AI Harbi (2001) t'l1m::'U1'Ufl11 

i l.Jfl11'Ul'l111t m 'Y'I'Uil Hierarchy 

Process: AHP) 

l i -M'i l.J flU'Ul'l1111 fiH fl11 iftu'HlfiW -M' 
u • ... 

f,JWffll'lJ1i Ui:l:: 

AHP 

i um11l1tilu 1 fiHfll'i m'i1tml::Mfl11ll i 1 'il::111t il u m'i9l'i1'il ffB'lJ 
• v 

AHP 'liu 

Expert Choice 

AHP m q • u 

inT u t:1 ff'i tJ 1 i1 nntJ1:: '*m ::'U 1u nn 1tm 1:: l'i't (AHP) • • 
m::'U 1u i'il i um11tm1::l1 hwu . 
'Ch'U "l 'lu nm 'U flfll'IJ rmn ti'U tn ti'UU 'il 1 VUlflli'H 1 

v • • 
11 

U'U 

... v ... ... ..li 'I !lid <!I v .,j 
'Y'I'il11Wl 

i' i 05 
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. 
2.12 (Quality Function Deployment: QFD) 

' 
... -· Slq 2.12.1 fi111J't'i1JUJ'U8-3l'Yifi'Uflfi1'1Uui:l-3't'i'Ul'YI'YIHfJWfll'W 

t'YlfiU flf11'1UUCl-:Jln! un 'Ufll1W\PJJ'U1fltu.flTW'Ut1-:J • • 
'J} cv "'' 'J} cv t 'J} 'JJII) ' fll1tJVfHt1J1J i '11m -:Jfl1Jf1111J'Y'I-:J'Y'IV i 11'1JtJ-:JClflfl1 '11Cl-:J111fl'U UC1-:Jfi111JI01 nm tUff .. .. .. 

d.'J1'11mv 1 u i 101 (Akao, Y., 1992) • 
2.12.2 QFD 

2.12.2.1 tv1v l'lfium1vvnu1J1J 
'J} 'J} IIJ 'J} ' 'J} ff'U V-:Jf1111JI01 V-:1 fll'j'IJ V-:1 Clflfll t V\l .. .. 

Jt I I G\ oC:\ Ql f1' 
2.12.2.2 t 'U'IJ'U101V'Ufll'j VVflU1J1Jf-!Cll01.fltuCVI 

i 'lfi 'U fll'1VVflU 1J1J IPfu 'J1i 'U fll'1VVflU1J1J hiu U 'U V'U • 
i'UflllVVfH11J1J 

2:12.2.3 tv1v'lf1v i i ui u 
..t ' 'I 'J} -1 "" "'' 'I 'J} 2.12.2.4 t 'J1fll'j'j11J'n1J t 11 

oii)'J}r .f ?1 ,f 
ff11Jl1fi'Yll 

2.12.2.5 i ..1'1Jf1CJ1m i • 

'J} "' .1"""' cv o'cv 'J}'I d 'J} jl 
111 fll01 V\llJ fll 1 1J ffll'W'U 1i fl1J flfll t 'U fll'j 1fl1J 1 11J 1 11Jf1111J 101 V \l fll 1 'IJ V\l flfl1 

2.12.2. 7 tv1v i lfm'1vl1\l1'U'IJV\lf.l1fJ,j1\lCO) i i ui 

2.12.3 .fruv.ou1um'1th QFD 

'li'WI01V'Ui'UflWYll QFD i1i'ltHiv ('Y'I\lffm 2552) 
o 'J} • 'J} 2'1 dll) Jlo ,'J} 'J} 2.12.3.1 'Yl 11!Cl1 

i 11 

'J} 'J} 

2.12.3.3 HOQ imh'U'UV-:1 WHATs 
.<::::!. 9) • 

fiV Brainstorming Affinity Diagram 

jl 'I ' 91 "" d'l 2.12.3.4 ff11\li01111-:J HOQ t'Uff1'U'IJV'l HOWs ctf'lliJ'Ul'Ylfi'Ufi'Yl 

(Technical Response) 
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2.12.3.5 l'llfll'j1tm 1::lf l'YiflU l flu fll'j Hiifl 

2.12.3.6 l 
2.12.3. 7 l'llfll'j1tml::l1'n.Rvut'i1vu ti4vl'hfll'jrlntu"u l 

or:!( ..::::::. Ql tl 
11'jflfll'jflflfll!UlJHtlflflWCfl 

0 , ... IQ.I ... 1 ,:!( Ql t/1, I 31 0 
2.12.3.8 'UflWu'jUIJH 11'jflflDflUUUHtWlflWCfl 1111 Utl1Ul • 

I 

-• ... -· v Q 2.12.4 J'UU'U'U'UMn'li'l'J.!i'lfll1UutH'H'J.!ltltiHf>JW.fll'Yt (QFD) 
.c:t.tl •• 4 

2.12.4.1 (Product Planmng Matr1x 11'jfl HOQ) 
"" .. 2.12.4.2 llJfl'jflCJffll'jflflflUUlJ (Design Deployment Matrix) 
"" .. 2.12.4.3 llll9lm9ffln11.:JUH'Um::u1lJfll'j (Process Planning Matrix) 

2.12.4.4 (Production Operation Planning) 

fllnHUNllNftRnill'li' 

(Hon.e of Quality) 

fl'1U1UJt}tllftnlffl.t::: 

ll'!lllnlfl (SQCs} 

ri1fl11lJthftOJ'Vtl-l 

eenuuu 
(De<ign Deploynrnt) . 

<i'Ollilii'IU 

(Part 

• 
(Part 

importance) 

OTI1HIINUn1•1J">Un11 

(Process pl:uwing) 

11 111iitilllf'IIIHtl1:'1Jl\Jf111 

(Process paramet«<) 

(Part paramdas 

impommc•) 

(Production Operations Pl'llllling) 

nmlijtnim1Nal'! 
(Production Operotion} 

.,; 
lll'Yttl 2.12 QFD UUU 4 t't'Jff (Betts, 1989) 

.QQit/ 4 
2.12.4.1 llJfl'jfl9ffll'j11.:JUH'UHtlflflWCfl (Product Planning Matrix 11'jfl HOQ) 



1. 

" " .... ,. lflfl 

(Customer Needs: WHATs) 

5. 
... ... 

(Technical Correlations) 

.c:t.. .Jo 1" 3. t'Yifl'Ufl'l'l'U11J1 '))' 

(Technical Response: HOWs) 

4. 
., ., .. 

fl111Jff1J'Yi'Uli 

(Relationships: WHA TS vs. HOWs) 

6. 

1'YiflUfl (Technical Benchmarks) 

64 

2. 

(Planning Matrix) 

, " • !j)Q..I .q Q,l tl " 0 Q.l " , .q,. ,. ..::::. " , 
'W 

111"1fl 1 V1J1 n VlJHi;"fi W tl'i'i 'W 11 'W W 1 'W fl1111-:JUH'W ffl'H fl 
q qJ u 1¥ 

'J}fjl Ql d 
2.14 

G: 
a§ G::; "7 v-

Qfro :;:: 
r- fro r-r r- "7 ,..;l 
G: "7 c fr'OO -a.:;: "7 (0:) ;l -;:I ....... (0:) i? ....... fro i? !r> !r> afro r-;;:z• ....... ....... -;:I c a<>= (0:) (0:) "7 

;1:: ;1:: 
.., fr'O (0:) r- fr'O r- r-

r- "7 "7 c .., i? c '11;1:: '11;1:: :;:: r- r- "11?: 
r- "7 r- fro i? r r- r- (i: 
G: r r - r-

G: G: •(G 

' .:I "" .. .fll'W'tl 2.14 !l.J"'l'flCJffll'.i'JHUH'U 
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- r11111 u 

j) .d Q.l t -=:9 Sl 0 .:::1 0 Q.l • • " 

'VI'H CllfllH'lltl 'U (Pnonty) 
i!J/!j/C> !V .... .!! i!Vd ... ' .1! t'Hell'U'U !'ll''U 1 - 5 "1" " 

0 Q.J .::9 I 0 Q.l I \1) d i !j/ I i "5" 'll'11it:l'U 
fJ q v cu q 

i -H'J111Ufl 

- (Customer Satisfaction) 
" 

uu'il'il'!Tu f1 cu cu q qJ 

l'lfu " .. .. 
itJ 

- i 'il i 'U ti1Jl'nti1.Jfl'U 

'\f '\f 'U IIU 

" I Q.l I .::1 Q.l Ql , d , 'J} Cl,.. Q.l 0 ... 1 Q.l 

tflrl 

itJ 

1 1' · 
q ' 

1 i tJ 
- 11mv q 

' ' " 
tiUlnU1J 1 

!V ' ',1 i!Vd!V .. 11 !V .d 0 !V ""'I .!! .. 
mmu 1m ll'Y'I'U 1u m 'illfl'tl t:llq!" 1'illll'il1fl tflrl 91 

mJCl fl i u U'il 'il'!Tu cu cu v q 

(2.10) 

q "" ... tl - 'ilfl'tllU q 

' " " - 1 ..f'11111Ufl ..fth'HUfl 

Ju (Rank) 

thfiru f!ul1nn u .. 

q .. 
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= rr.nl.nhfity'IHNfl11l.IIPi'u.:Jm1 x x (2.11) 

• , 
oGid.o Ql 

= . " . 
i l1' U111'1Tm1l.ll91'u 

X 100% (2.12) 

"' "' " "' .eli "'1 1 ff'U tl'ln11'1l CVI'Vl 1'Ut 'Vlfl'U fl 9f'll.J11l10HU1 .flfl 'I ttl 'I .. 
I Ql Ql f/ .:!f I j/G.I .c:t, Ql oJ 

4) ff1'U'Vl 4 fl11l.lffl.l'Vl'U1i (Relationships) fltlO"Jl.lfj'Vl\9ll'U1HMl.fl\UCVI 

l'i 10111111 11l.l fl11l.l tYl.l'rl' u 1h 11i1.:J tl'l m 1 1u 'VI u rl' n 11 w m 'VI H fl wm'Vl .. . 
I .o:::!i 11) ld. Ql Ql cf'.ei Ql Ql 

11'1 11l.l1UU'l 
.c:l Ql Ql f/fj} 
l.Jfld1l.Jffl.l'Vl'U1i'UtlU 

3 ij fl11lJ ffl.l vi trfi llTW n C11 'I 
d. QIQit/ 

9 l.Jfl11l.lffl.JVi'W1il.J10 

5) 5 (Technical Correlations) 

i '* m1 
G) 9} t 4 .c9, Jz Ql Ql ... F- I 6'1 1 Ql Ql t/Q.J 

u1ll1Wl'Vl1 

' .::1 Ql Ql t/QI I I Ql Ql I 

.fll'W'tl 2.15 

.... .... ' «tyrlfllltu fl11li'IU.IlrJ 

../../ 
../ iir-mm::'Ylu L'U'Yll.:jU1n 

' ' 'h.iiim'tm ::'Ylu 

X iirH'Im::'YlUL'U'Yll.:!l'IU 

XX 
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. 
6) -chuli 6 (Technical 

• I d l ""' "' ""' 'JI 'JI Benchmarks) 'U'Yil'lt'Yifi'Ufl tflfl 

3 "hu fiv 
" 

"" rl . . 2.12.4.2 t1ll'lm9ff1l'iVVf1UUU (Design Deployment Matnx) 

.Uu I'IV'Uu 'i n'UV'Ifll'i u 'lfll'i vvnu uu v fll'i u :Jfu -chu 

(Parts Deployment) 

'C1'11l1'i -chu -chfl'ty l 'Uf111VflflU uu r;1 mJ 
Ql' ..:::::::. .d'i/ 

m t 11 r11u 'i 111 fl'111i m 'i 11'1 u fl''Yil'l 'U V'l t1 

-chtJ l 'U l'U V'll'i 1U 'YI'U 1 HfJ Wfll'Y'I .1! b) 'JI 'JI I 

91"'1 • 
1W n 

uu l '11Vi11 1'Yl'i -chu 
!I ' ' ' , 

2.12.4.3 (Process Planning Matrix) 

,f'U I'IV'Udt fll'i'W lfl W U1'U fll'i l1 V'Y'I111lJtl'l vf'llfl'l • . . 
.do cv .::::1 Ql 1 o Ql e:t 

(Process Characteristics I Process Parameters) 
"''JI ""' rl .I ?I I 'JI 

ct oCl,Q Cl ..::9 .Q .dl ... ... I d y 
fJW 'C1'1JUI'l'UV'I f111 l1 'iV'U'UI'lV'U 11ifll'i'tl!)UI'l'll'U 91"'1 W lfi'IUH'U 'll'U 1J'i U 1J ( 'I'Yli'IV'I 

nfll1fi1Ufi1J lu . . . 
'JI 'JI "" """' 

• • 
i 111'1111-fi'unlM'Ufl " . . 

fll'i l'lllJUH'U fll'ifi1UfJ1Jfi i 'U11JI'l1 flCJtfll'i11'1UH'U fi11JfJ1lm fll'i U 
ill 

2.12.4.4 (Production Operation Planning) 
.% "' I"' .. l 'JI .I 'JI .d l 'U 'U'U I'IV'U'U1Jfl 'U'U fll'i 'lff1l'i U 1Jrl'll1'Ul'Yl 

i 'i l tJ 'ill'llV'111ll'ljnCJi't'C1'1lV i 1l 
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., "' 'JI "" .,. "" ..,...!! "' ., .I .,. '11 cl.'J '\.J f19f 1J ff .:1 fl 
"'! 'JI I 'JI 'JI "'') l 'JI I d 'JI fl'fl tfifl 

" l umni'll 

,nu 111 'fi.:Jn1Jm'i l -M'1'YifltJ flf11'i u UC\.:J'l1'U f.! w n WI ( QFD) I f1l'lf1f11 'i 

l'Nft'm (2552) 

(QFD) mruf1mn : TI1J11 f11'j'fl'flf1111J1J 

enuf--iu iv Lrl'U1111 1 U lJ 'fi.:JI'IW 'U'fl-:1 Wen iu 1'\.J • 
.::1 -C:). 'j) " 0 Q.l ol l'JI "' 1'111lJ1 'i f.J1J wm u 1 1'111lJfflJ11 C\'lJ 'fl'l'l Nfl1lJ !'111lJ'H u 1 111 flf11'ilJ1r-JC\ C\Tili 'U ill'i 'lH'I'IfllJ fl 

QFD l TI1J11 l'll i iv 1 ijf.!W 
i " " .,. .c:t , Q.l J,i "l:::l Q.l .Q, Ql 

f11f.Jfi1TI'YI1l'UlJ lJ1'lf.:Jfl11lJ\91fNf11'ir;J1J'i tfifl f1C\1flll.:J 
I I "' ')'JI 'JI 'JI "' 'JI'I 'JI "" "' .. 'JI 'U'fi.:JfiU & '\.Jll'U'fi.:J'U'fl'j'fi.:J1'if.J'\.J'U'fi.:JC\f1fl1 & '\.J fi1'\.Jf1Wfi1TI'U'fi.:J HC\\91fiW CVIC\fiC\.:1 91.5 .. .. . 

1'uiv (2551) 1 

I 'JI 'JI 'i l'JI "' .I 'JI d . 'JI .I t fltl 'lf1'1'1fllJ '11 lJ 1'1'1'YI1.:1 fJWfilTI QFD fl1f.Jf11'i11IJ C\ 
J} " ,J Q.l Q Q.l t/ d .it Q.l .C. Q.l fl" l I ..!! CVWNTI1'i11JC\'flf1 1TIDTI9'11'\.J 1J1J'U'\.J 'HlJ 9f.:J .. 

fll'j lJ 11 mjd ijf11'j l '* 
"" .,. "' l 'JI"' .I "'., d NBR ff1'i1flll ff1'i 'Hff 'iiJ111J1J C\11'1C\1tl .. 

(2553) 

M '\.J 'lf'W 1'\.J ij 'Hll 1tJilJ f11 'ioWWI '\.J 111 lJ 11'111llflfl f11'i 'fl'flf1111J1J UC\ WI '\.J 1lq! C\ th lJ 

'JI 'JI "' i 'JI ,'JI ...... fll'i ff'iN'fll'lfTI'U'\.J '\.J 'YI'fl-:1 f.1'\.J 11 'YI1fl1'ift'f11:11'YifiC\'fl.:l'l11f.!W 

i1u'lfu1u iflvm'i 4lU111J1J 
'JI "" .I ,J.,. I "' ?I 'JI 'JI "' .. 'JI m'i m'flmiJU1J1J'Yillfll'WtJllff .:Jfff11IJlJ 1.:1 1f1fl1'i11 m 'UDlJC\ cu cu q cu 

-M' 'lffl HC\f11'i .. . 
,r,rDlJC\ U'i mv.'U 'fi.:Jt11J1J ff1nwiJm (2553) .. . . 

'U'W11'1 2 iu i'!1'ij • • • 
«ii'JI I 'JI i 'JI') i'JI 1TI'fl tfltl 'If 

Cl ,. " a 'j} v , a o " o 
1'Yifi'\.Jfl QFD t 1fl1J'U'fllq!C\1'iVm VOC 1TifllJ1lJ1'111'Uflf11'H'\.J11 . " . 

11'1'11.:!1'1'11'1U flfi f.!W 
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liJ" ' Ql Matzler 11'1::: Hinterhuber (1998) Kano's Model m.J 

1 G) C\ Ql "' 9/.c:::t .:i , " Jt ol!!t • t d ' QFD "] 

Shen, Tan 11'1::: Xie (2000) Kano's .. 
I Ql i "" ... .I .. .,j Ql A Ql .. , !ll "1.1 !ll 

Model 11'1::: QFD 1'lf'Ufl'W 'YI11J'U 1 

!j/,!j/ .M .Ji !j/ Ql !j/ A<=! !j/ 
'lflfll 'YilJlfl'IJ'U .. .. .. 

1 , !ll .I A Ql "'1 , !ll Ql 1 !ll Kano's Model 11'1:::f111tltlfl111111H'IIPiflWCV1 QFD 

"""'"l!ll """" IIJ!ll Kano's QFD 11'1::: Baba Md Deros (2009) 

QFD 

0 , , y 0 .or:::. 

fJ W flll1 HOQ 'U 1 fl1llJ IPI tl 'II tl t:lfll'YI 'W t 1'1 fl'W fl fll1 tl tlfl1111 11111111 fftl11 flllJ 11 

1:::1Jl1111i1tiPitJ{ "] ff'Ylll i lf1Jl fll1 

Q "l !j/1 1 !ll A .I !ll d A .. , !lli fll'l ( QFD) 1IJ'Wt'Ylfl'Wfl'Yl 'lf 'Wfll1 

en' 1 11'1011 1 tl 1 '*' u .. . 
101 1 1111 i u \1 l'W d tl\1 .. 

2.13 (Design ofExperimental: DOE) 

(Surapong Bangphan, 2011) 

2.13.1 (Design of Experimental: DOE) 

flu i .ui 
1 1 1 1 11'1 11ffllJ11fltltlflu 111111 

I d d j} j} 0 9) I \rJ fl 'j) 4 
1l1mfl11'\JtllJrt Ur11'Wl'UtllJ'Il'YI'Il'W'W ! llJf\1 "' .. 

l'i1 i i 1 i fll1 
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' ' " l'hn tJ iJ th dY 'Ylll fll 'Y'l tJ 'VI u fl1 'H-1 1 u":: i u rr 1-fi iJ ru fll 'Y'l ,nj' u fll'HHJn u 'lJ u • • 
fll':i'Ylflml'l11:: 1 '*n"1 tm::th 1 

2552) 

2.13.2 

Surapong Bangphan (2007) 

1i':i '11' utl1 u i !'Y'l':i1::1i n 11:: iJ111u 1h .. . . . " I j/ .. CV 4 I .-=! I 0 j/ .:S 
C)f 'l! ti'YllJ1fl':i::'Yl 'lJ!'I1mtJ fl UtJ 11::'Yl1fll':i 'Ylfl U'llJfll':i 11'1 • 

" Q.l d. Q.l .ct4 
UUfll':i'Ylfl"U'l 

2, 13.2.1 fll':i c51 (Replication) ! tJ U '11\JJrlfll':i u 'l 1 tJ fll':i 

1 ml1v t'!fu 1u 
.1 ,. !J} .1 !J} !J} <!I .1 !J} 0 

fl fl. 'U. 

fl. 'U. Ufffl'l'h 

5 111 fl. tm::1'111ri 3 111 'U. 

Q .f .1! 'I .1 1 , !J} 0 I "" .1 1 'I !J} 
fl. 11::1J111tJ1tJCJf1t'Yl1flU. 5 l'lf 

.cS. 0 :: ' Gl 

'U.11::1J111tJ1tJCJf1t'YilflU 3 

2.13 .2.2 fll ':i 1J (Randomization) t tJ 11i fll ':i \l 'Yll 'VI ! 1J tJ '11' tl 'lJ'11lh rJ 

'Yl1l"U'l 1 "::'11\htt 11::ii 1 11:: i U'Yll 'Yl!lJtJ 'l"l t'rlltltJ 'lfl 
f c:$ 4 Q.l 0 .cl .J Cl .6 4 Jklt, cv G1 .c:t d'G) J} G1 I 

(Bias) 'YID11111::tfl1l'U u tu t11 fl'lJ'I1 u 1rJ . .. 
1M fll':i 

ff1JU11J1':itl'Vh t'!fu flniuu"1fl u"::m1 1 • • 
d :'J IQI .dSI 2.13.2.3 fll':iU" Dfl (Blocking) t 11 u fll':i nu ':i1llfl'Jll"fl1l ru:: 

'UU'l '11 U 1rJ'Yl fl" U'l 1 fl rJ 1M '11 U 1M U11Jl':itl 111! 'U U'l fll':i'Yl1l"U'l i 

0 ' ."1' "" IIJ !J} ."1' "" 2.13.3.1 lfl (Controllable Factors) '111J1tlfN IJ1111rl'Ylff11J1':itl 
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. . 9/ 0 I 1 I d. I t::1, fj} 
11 t1 \1 ml1 u flfll\Pil \1 "1 'YI fl \PI 1111 lJ \PI t1 rH'I \PI m.J ff'W t1 \1 'YIIPI tl\1 

_., Ql .d llj I llj 31 .dl _., Ql .d 
2.13.3.2 u1111U'YifiTUfllJ tlJ tfl (Uncontrollable Factors) l1lJlutN u1111U'YI q 

11Jfflllnt1nll1'Wflif11im!u"l 1'lv11Jl'iumru IPl''W'I'J'W 
.:!I d. t Q t I J_ 1 9/ o 

t 'W fll'.ifi11Jt:)lJ\T \1 tlJtVW\IVW ff \1\Pil\I""J 
1) OQ.I Q.IQ.I :it Q.ld lJ]'JJ 

'YI\PICHJ\1 ti\IVW1UllJfll11flif 1111 'IJ'IJ'W !l1 tiJt'IU'Wtu'Wif11 11 U'Yifi11JfllJ t \PI 
q 

2.13.4 '.iiJU'IJ'IJfll'.i'Vlfltltl\1 
" 
wmfu l11UJlJ\Iflt'IWvil'lltJ (2545) nht'IJ'IJ (Model) fflltll'.i 

u " 

1i'lt'l tl\1 u 'IJ'IJti·Ul il 1 fl ti'IJ'U 11 i i ffm 1lJ t1:1u il1 \PillJ 1 f!U'.i ilu i '*1 'W 
" "" _t a 3 

2.13.4.1 '.iiJU'IJ'IJflll1'Wfl (Fixed Effect Model) l1ltl '.iiJU'IJ'IJ I 
" " 

(Model I) 

1flu11Jijm'.ifflJ 
" q ., " ., 

n\ll1llfl 'U flrillil 1 'lflfl 1 i'l tT u ij 'UV'IJ t 'UIPI lnfl m t1 rill-vi l-11¥1 fl" t1 \ltvhu u 11 q q q 

-1 31 "" .dl ... ... -1 II) ., 31 
""J 'Utl\IU'.i UJ \PI 

2.13.4.2 '.iiJU'IJ'IJfll'.ifflJ (Random Effect Model) l1ltl '.iiJU'IJ'IJ II (Model II) 
" q " 

fflJ 11 1t1il 1 \ll1lJ \PI i J u m1 ff'.i il 11 ff1ila1\l u\1 1 i 'U 1 ,)' q q q 

2.13.4.3 (Mixed Effect Model) l1ltl '.iiJU'IJ'IJ III (Model III) " " 
'.iilU'IJ'Ud 'Vl1'YitlJ'W 11'1 1J'Ut1\li1u il1 Vff'.i l1ltl 1 tJ\1 if 11 i l'Yifl" tJ\1 'IJl\1 ff1'W t1:1u ... ., ., 
tll'.iflll1'Wfll1l tit 11 11\1 ff1'W tlflfflJlJ111lflflrillil '111m n\ll1lJ\PI 1 \PI U'.i il u 'IJ'IJ tfl\PI v q q 'U 

'I d "" o' -1 -1 .,;..,._., Ql I _., ... IIJ_I 
\PI\IU\PI 2 u1111U'U'W tu ., 

2.13.5 oU'W\Piti'W i 

Montgomery (2001) U'W1'Vll\ltll'.itltlflU'IJ'IJfll'.i'Yifltltl\l 

fll'.iflll1'Wfliftyl11 tl\1 fll'.i 'IJ'IJ'Yiflt'ltl\1 
"" <131 _t '131o o 31 fll'.i'YI\PitltJ\1 lu'W\PI'W 

2.13.5.1 flll1'W\PIM1.,YtlifUJl11 (Problem Statement) l,rl 111 u 

I - I - I 31 "- I ... I IIJ .d 0 ... -., 3 tiUl\1 t (What) 

h'U'Wlfl tl1'W (How) ll1'W'li1\lt1tll ifl (Where) u u 
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2.13.5.2 flnttivnihnfu (Factor) (Treatment) 

flV 1t1:iu 11:: 1111 1J 1u u lf 11 'l mti vn 11 1nm 'jlJnfi 

i t9 .a 0 1 'j} Jld.d " .1!'!1 .d 'l Univariate t'lf'W T-Test !IJ'W9l'U 'l1lV!'lfU1'lf1t).J 'U 

c:l ?1 'l o o d"''l -'! ."f "' o ., 
m::1J1'U fll'j'lJ'lJ "1 'l1'flltt'W::'U1'Yifl 'Ufll'j tt'!VfliJ1111U ttt'l::fll'j fll'l1'Ufl'j 

.c!f QJ _, .c!f " " Q,l ... 1 .d 2.13.5.3 (Response) 
, I I I 

t'lfu nnulJ 

f1n£11tTu i 1u 

2.13.5.4 (Experiment Design) tGJf'U 
Col I cw::l .c!f Q.l I 0 cw::l Ql d 

1 t1:lul>i'u 

2.13.5.5 (Perform the Experiment) 1M't1:Juil191111 

ltU'U fll'j 1 'U fll'j -ffl fll'j 1 . 
Cl d' 'j} b) '11 I 2.13.5.6 fll'j1tm1::'l1'1JVlq!t'l (Data Analysis) t11 'IHt'flflTl Run Computer Pro-

, " . 
-'! 1 I "' I .di "' d"J gram t'VW 'l1 U9ll11lmfll'j9J'j111ffV1J 

I 

Model 'YI (Model Adequacy Checking) 'l11'fl1 

DOE 11::1-M' ANOVA 'lum'i1tm1::M',Yvlq!t'l 

"' ""' "'"' 1 "' , ANOVA fi1U 

2.13.5.7 tm::'lM't11U'W::U1 (Experimental Conclusion and 
. ?I 'l dliJ.Id "" I d, Recommendation) 

d I t , o .c::::t. ..:t91 I , .::! 0 Q.l "J .dSJI 
1 'l1'U 11ffl'l::ff1'fltl.IV:: " 

, "' IIJ 0 c;l ,.I ?I "' , I 'fl1l'il:: IJ!IJ'U1J1l'Yiflf\T1'W "' ... 
'l .. c;l 0 I d.l c;l ?I IIJ 

V11111::ff'U 11 'IJV1tml::'l1 tfl . 
2.13.6 u 

(2552) 
' d d Q,l Q.l 

4 

2.13.6.1 (Design Type) 

11:: 'l i"l um1 'l "' "' 
0 0 liJ ... I I 0 .c::::t. d Q.l ..:9 'j) .dt .c!f QQ d 'l 

Destgn 11::'U1LIJ\}' 11itfl1J1J'U'Yifl'UVlq!t'l 'YI11:: 'lf 

'l ... "''l ,J Q,l a. 1 -'! 'l .c:l tl .c!f .c!f " d 'Ufl111tml::'l1 11tt'!Vfl Design fi'U'U 
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I .0. !jl 
Design . 

.o=::::t..C:::.. .el .C:::..d.'l 
2.13.6.2 tfl 'Hl .::Ill V'VIl·HHl (Statistical Tools) 11lll tlfH fl n lJ 11i 'W flU 

1 lfll'J Vfl; mi 'l mTu vu fll'J 11.:JUI>l'W fll'J .. .. .. 
d o <V !jl !} !iJ 'l I ,J'l 9/.c:::! ..::::.. d'_f 9J Tool mmu 

= " 9) • I ' II] "' 9) = 9JII) 9) I II] II] 9Jd 'l flVlJ t'J t'J 

..::::.. 4 f/ d. 0 'l 9) 
2.13.6.3 t'VIfl'Wfl (Technique) 112Jltltl.:J 11fll'J 

Design 
' de::! " 31 " 0 4 y 4 I d. I Q.l Design IIJ 

Y o .do d ?t .d Yo (Fundamental Procedure) LIJ'Wff.:Jri'W!l'W'VI 
9) • I IIJ I 9) = " 9) .I d IIJ 'J)d II] 9) 

111 t'J . " 
m1ll11mv 

' v o !'I t! v 
2.13. 7 '11t'lflfl1'J't1HlnlVItHllAIJU I'Ufl1'J1tf'I'J1:::'11'Utl'Jt'l 

2.13. 7.1 

11m 'l '0 

(Tangible) 11'1u (Intangible) 1'1f'W 
' 

4Q.I' 4 (Lot) • .. 
2.13. 7.2 'l '0 (R-Square) 

"' <>' 1 dl'JJ .f 'l'JJ'l liJ'W mn1m 1111fll'Jflflflll 'U'U 'VI vflu 'U'U'ti'W m 'If u m 'J'VI 

iifl11lJ m lJl ffll l Vi tJ.:j 'l 'l 'W fll'j fl.:) l'J flfl f.:) '0 ii fl11lJ 11 tJ 'j un 'lJ 1tl, 
. a 4 c:. J y o 

(Unexplamed Variable) 
'I 9J"' ., .I d "' II] 1, 9J 9J d 

Ill • 

X 
1
00% (2.13) 

' " 1) 
... 'f Q.l eA .d d )I j} 1 I 

2) '11lJ 
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11Jfl1'U 

0 v 0 .d v (Analyze Residuals) 

'il1flU1J1J Vl'W 1U 'l.h L 'W fflJfl1'J tl4mi1'W 1tii'H'II9ltl1J 
I ,!( bJ .Ji 3) 0 d 3) fj} d 

• 
y fl1'1JU'Iff1'WI9lflftH (e .. = y .. -y.) 

lJ IJ 1 
.c::tt .d • 31 YGf'JI 

I) tfl"tJ'Wtl 
I fj} Q ... 1 .c:t. 

2) ff1'WI9lflfl1'1fl1'.i'il::;lJfl1'.iU'ilflU'il'IU1J1JIJfl191 (Normal Distribution) 

2.17 U .. 
• .1 I I 3/ d ... 3/ , 3/ 3/ .d I d d <!I 

nmtlum 'I (O,O) Vl"1flf-11'W 'il::;lJt'V'Itr'l 2 'H'.iU 
I 4 Q.l I I 'j} 

3 

9$.0 • 
95.0 

l l!O.O 
l &:l.O 
Ji i 50.0 
J' 

j 
'" ' a 

20.11 
10.0 
5.0 
2.0 • 
0.$ 

-l.J -l.O -0.8 ...ru> -0. .. -0.2 0.0 (1.2 0.6 0.& l.o 1.2 
Moclel residual! 

I J} .r:::1 .d 1fJ I Q.l I d o 
3) tl1'W 191 flflN lJfl11lJ U tJ '.itJ '.i 1'W Vlfl'l VI UJ'Il'U Utlfl1J fl1VltlflVll 'W1 tl "' .. 
" (y) 

3) I 3) Ql t.d. o 
fl1J fl1VltlflVl1'W1tl (Plot of .. .. 

Resi duals Versus the Predicted Value) 2.18 
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vll'Ultl 

• 
""' • 
' • • •• • : vf· 0 • . 

• ... . •I( 
! • " • • • • 

-1 • 

..2 
-1.S -1.0 -(1.5 o.o 1).! 1.0 I.S 

Model PI!<JK!e:l-. ;; . 
.c:l G .... 1 I • " Q,l ' 0 .tn't'f n 2.18 m 'J l'H'I fl91 n·nn 'J:: 1111 ff 1 u mwn fl TVIl u 1 t1 

"hu 'll:: iinn m:: 1u uuu ff'J:: 1li u 1.h 9lll.J'I1 'll 

g'UCOJ 2.19 

(Plot of Residuals Versus Run order) 

1m iliu li u uu iim'J m:: 'llltJ iliu 11 'J 9lll.l(;h\Oi u 

!lr 

$ • 
4 • 
3 • • • 2 

.r 1r ;o • a "' Q l1: : .., -l • 

• • • • • 
' • • • 10 15 1lll 2S 

'Time • 

• • • • • • .. 

" . 
'ill mTu Ulrhvi' l'U ltln i l.J ltm ti'U t ntJ'U tiu Ht'l fll'j 'il1 1W l1lfllfl1ll.J 
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.. ' ' ( B ') 2.13.8 .. :m1J1J1JOflCJJ - Box- ehnken Des1gn 
d o' o' li)Y "" 'l d 

t'lJ'H'Utfi'U !flt:lfl'VIWJ'U 1 ! flf.l 'U 11J'Utlfl 
'U 

'U1Vti1'W Mtfi'U (1996) ffl'Hi''lJW\91 

,l "" "'"" "" "' """"' '1 'l y (Second Order) 11ifl11 !'Ufl11tltlfl!t'lJ'lJ tf1Hff1N fll'll'l\91 

uijfl11mhffu '1 'ilt1'1u 1m m1 Vtlfltt1J'Ufl11l'lfl" u 11 u fflJIOJ" v 
tllfflJ\!'lW (Balance Incomplete Block Design) 
.. d 1IJ' ... "' "" o' d .eli d fflJfl'1f.l'lJ"tlfl !lJfflJ'lJ'lW ff1'111'lJ 3 l'11l'ltlJ'U\9l 3 'U"tlfl 2.7 

• 'U 

d 
3 'lJ'1tlfl 

No. Block 

Block 1 
; 

Block2 

Block 3 

1 

X 

X 

Treatment 

2 3 

X 

X 

X X 

. . 
d \1) )IG.I A 

vector of center runs Box-Behnken Design l'1 k = 3 2.8 
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' ' .:I dd. Q.l ... 1 Vll'iHfl 2.8 fll'iflflf1U1J1Jfll'i'mHHH U'U'U Box-Behnken Design 'YllH'I'llJV11UIJ'i 

Run 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

XI 

-1 

-1 

1 

1 

-1 

-1 

1 

1 

0 

0 

0 

0 

0 

+1 

/ 

• I o 
I 
I 

x2 
-1 

1 

-1 

1 

0 

0 

0 

0 

-1 

-1 

1 

1 

0 

-1 

.,...J---- -7- +1 ........ 
-1 

-1 +1 

2.20 fll'iflflf1U1J1J U'U'U Box-Behnken with a Center Point 

x3 
0 

0 

0 

0 

-1 

1 

-1 

1 

-1 

1 

-1 

1 

0 
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i 2.20 fn'i .. 
d fl fl d .J I Q.J,ei 

vvnu 'U'U U1J'U1JVf19H1J'I1 'Wtfl u 'il u m1 vvnu 1J 'U'i U'Yl 1 mnJ 'Yl 'Yln 'il Vti'U u 1 u 'Yl 1 ffll «u q q «u 

r;:; -X d o' "' i 'iv i d d _I -v L 'Wflf1'illf1'W fll'iflflf1U1J1J U'U'U'Uflf19H1Jl'I'Wtfl'W lJ fl"'] 

lffn 'illf1:tifl {) {) ltl f) ri f) ,:ji 1U U'i i 1t ilu i 1fhl1 'W f) fll'j m 

tiv (Factor-Level 
q cu qJ cu 
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d d 1IJ 1IJ 'liJ vd o .A v o "" 'I v Combination) 'VIUW\11J1fl 'Jli'HHU'W &1.1 tll 

.1:2 
x3 

(O,a) 

L1 .1:2 
(-1. +1) (+1, +1) / 

1/ 
x, /b? 

x, 
1-a,O) (0.0) (a,O) 

/ (-1, -1) (+1,-1) 

(0,-a) I 
2.21 Central Composite Design trtu k = 2 UCI:: k = 3 (Montgomery, 2001: 457) 

2.13.9 (Desirability Function) 
.!'I' o'"" .o!! 'I .!'!' o'.:, d'l "" dl 
n\lfl'lf'Wfi111JW\IWU llJ'Wl"f\lfl'lf'W'Vl !'lf CJf\1 

J I Q.l o Q.l -· C\ 1 1 «:!1 GJ ..:::1 t 1 fltlfll'llfl\lfi111JW\1Wfl! (desirability, d) 
1 .a 4:1 I I Q.l f/ 4l:!.l I Q.l I j} 

1::'1111\1 0-1 lllfl d 1Jfllt'Vl1fl'Uff'Wtl '111J1UQ\I li-ICI\9lfl'U'W'Wfltl'Wflfl'llfl'Ul'll\9l'lltl\lfll'itltl1J'i'U !1\91(11 d .. .. 
uCJ::trtu d '111JltJO\I !I-ICI\9lflU 

liJV .o!l i 1 o' 1 1 .o!l , 1 o' dl 1 .o!l i 'W'W !rlfi111JW\1Wfl fltlfllfi111JW\1Wfl CJf\lfllfi111JW\IWfl 
" "1 i'lu 

2.14l!CI::Cl'1Jfll'j 2.15 

VV liJV 
. (Maximum) '111 2.15 

y < L 

d ={O[y-L]' 
1 T-L (2.14) 

y>T 
V liJV 

UCI::\9lfl\lfl1111-1Cl\9lfl'U\911Cl'fl (Minimum) '111 2.16 • 
y < T 

d ={l[U- y]' 
0 U-T T < y<u (2.15) 

y>U 



0 

c 

<!I I 

y fl V fll'\1 f-HWIV'U 

L fJV th 
u fiv .. 

.:!1 ' Q.l 0 ' Ql r flV (Weight) 
" . .c!l 0 ' 0 Ql' Q.l 

2.22 

Weight Weight 
1 1 0.1 0.1 

d 1 d 

0 10 0 10 
Lower Target Target Upper 

191V'Ul11 1 2.16 [ . r y-L y < L 
L y T T-L 

d= 

79 

[U-yr T y u (2.16) 

y >U 
U-T 

0 

.:!! Ql Ql.d 
r1 flV 1 (Weight 1) 

r2 fiv 2 (Weight 2) 

" "' " jJ 

rl111 'Wflfll 'l1111 V'U i1 i vn flll'I'W fl 'l1111u n . .... "' fl fiTVfYl 2.2 3 
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Weight 

• v 
Cl 0 0 Q,.l ..:::! ..es. Q.l 

.fll'W'tl 2.23 (Weight) (fl'HUlJr.!Cl\91fl1J 2 191'1) 

1 'il'\JfN 111 

(Composite Desirability; D) 'il1flCl'lJf11'j 2.17 

D (Composite Desirability) 

d fl11lJ.W'I'V'W (desirability) 

(2.17) 

1fl'11lJ.W'I'VW 1 
" 'il'tltl'lr.!Cl\91ti1Jl.J''U .. 

'ff111 i' u '11'W i1itr¥hiiv1num'j uu f11'j 'Y1 CJV'I'lfu 1 n11im11 1 'll 
1i'iJi.:Jd 'YlHffl (2530) 

CJ V'l 1'1n'W 1 Clfl'IU uu\Oi 1'11 'WU':h f11'j 1 i'nn 1tfl 'j m1JJ 

U 'll 'j 'l.! 'j '1'U U 'Y1 'U fl1 'jitfl 'j ,1 fl11lJU 'l.!'j 'l.!'j '1'U 1 '1lJ 'il 1 ,_r r.!Cl fll'j Cl'ti1Jfl'11lJ U\91 fl 1'1 1" '1111'1 

'Y11 VI tlJ'U tflg tl 'U lJ1 fl 1 l1 fl HU U\91 '1111 'I'Y11 'YltlJ 'U V1'1 u ..r 'il t!Cl 

!Cl''U tl u f11'j 1 1fl1'11'U 1 'U fl11lJtt'l.!'j 'll'j1'U 11lJ iJ t!r.I'U 

1'11 111 'l.!'j 1!!'l.!'j1 '1lJlJ fl'11lJfflJ'rl''Un fl'U 1'11 tift 

(2543) i 'Yi'l flU ffmJ 1 flU nn ti1JI flti1JnflU111'il 1J1'U fll'j 1 'W • 
m f11'j u nn 11i1'1nfli1C1'1i'u nunfli1CJ'li'u u 1'11 '11 m.i 

tU lU cu q 

'j} """' "" .. .!! II) 'j} "'1 "' .!! 1 """'"' 
1 1 I J/ I d 

1 vt'llm'jiufiiJnww1m1'11'iru i 'll 
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1lJ 'j/ 1lJ 'j/ """ "' 'I d 'j/ "" d "" .! .dl llJ IilJA I Central Composite Design UJ tu 

fHHllflfllllirrrnJ·:h • • 
1il'W1'W fibetoiuu i11mt1tJt1'li'u hnhf tJvn-:h infi11etiuui1 . 

1mtJm1'1i'u . 
hnJ .. . 

(2542) • • 
1'Wml • 

1u111l • 
i fflJ l 'lJ l WJ'W lfl1 lJ1'W • 

'I 'J/<=IAJ "" "" 1 'I 'j/ "' "" o' t'lf t'Wflll .. 
4 U'iliv fiv 

ru 

"£ilfiru 0.05 fiv Cl u q . 

'l u 'l fiv i • 
I08 

• -=1 .Ji 0 ' , 'j/ 

(2547) 

1 'l i'mflu flflll vtJnu 11 ,r m.d"'; 
'l!mhfity a= o.o5 

105 fl{) 1,480 1VlJ9itJ'Ul'tl 0.66 lJ:U. 

AI "d o''jl "" 'j/ 74.69 

mni'! (2541) 

lJlJU vJ fl t.IC\ 'il i tJ l 'W flll lJ lJ U vJ fl 'VI m1 tiC\ 

flll 11ntJu 1J1Jf11111ff11vru li' i1u tJl Vff1 .. ., 
'l i tJt .. .. 
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'W fll'J m't::: 1 oti'i 'W fll'J'Yl1'H'Hl'l l'll i ..1 fll'J 1tt'IIU 

"nJlUJ1tt ff11lJ1'Yl (2550) 
QJ tta j) OQJ a d .c1 

ff1'11'J1JtlH'tflfH't11flHJ\IlJV'I1'WW'W tUff 11 

'W1Ji1 tVff 11 

i fiv 175 uv:J.Ju11f muJ 

200 450 q <u q 

i • u 

i ili1111fltJ1 111 

" 

ll9lmul?i' ii (2550) 

Ql fj} i 4 d <J} d I Q.l j/ i "i 'W1J11 'If 'W 
<u <u 

111 1o5 2 fiv .. 
' • Ql .c:t. d 

1::: tl!::'\11 '11!::'11 11'1 t1Hfl1J fl '11 'W U !::fl11lJt1 11 V1J " " ll'IU 'W -ff1'W'UV'I 
<u 

I I QJ .c:t. Ql i 9) I 

"J:::tt:::'l11'11:::'1111'1tt1'1 fltJ 5 1.1, 1.3, 1.5, 1.7 1.9 
<u 

1 "' d :'1 "' i " I ,. , " 5 1,340, 1,380, 1,420, 1,460 1,500 rpm '11' 

' ' Q.l 4:9 d d. 1 ' Ql .c:t. 

1,340 rpm 18.75 g/hr 
oC:l -C:\ d Ql .dl d Ql f, 

1.9 1,500 rpm 2.54 g/hr 

ijfl11lJU 111 tiu trlm:::tt:::lhn:::wh'lttHtitJ\}flM'W U'vv 
Ql 4=!i i Q.l S) I I Q.l .:!to 

Vl'l11fll'J fffl'\11 V \J"' 'W 'Yll'l\911 'I fl'W 'U1lJ tlJV1::: f.l!::'Hl'I'J!::'\1 11'1f.l1'1fl1J\}fl'H'W lJ1fl 

Ql ,fdl I d 
V\9111fl11fffl'111 V\1 'lfl11fl11lJ!111 V1J 

_IIIJ " I :'1 """' .k d ff1lJ11flff1IJ (Design of Experiment) tiJ'W11iflU'Hl.!'I'Yl 

1i1ttJ'W i oti'i l.! fl11fl1'11'W i oti'i l.! fl111i1tU'W fl11 i ..1ttJu l 111'11lJUf-I'W ff1'11i'1J i '* 
i u m11tm 1::: ..f'li'vl.l 1 ..1ttlu i 1 rt d m1 u <u q 

... "" ... " 0 :'I " 1IJ ""' <!i i " """' .k d i ""' fl'Wff'll.llfl 11i'H'W'I'YI <u q <u 

-C:\ t 4 .c!t i "' .Ji i o i j} .e. Ql tl Q A ... l C). 4!!1. 'Wf.llJ 'Wfl11'YI1 fiV 
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' ""' unn 3 

,nu111m1v'l m1'Vil9ll'U1 i .Uf 1 
1os 3.1 

o .q " " a Ql I:S,Q .. .1 ll'U 'U f111 UU f1U 1J1JU 1J1Jlfl1U'IlllU1-3 fftl'U n1 

1 u1 os 
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d I Q.l J!!l i d 'J) l" 
L'lfU U'l1r!\I'IJUlq!rl 

fflJ1fllJ lHff'li'11 lHff'li'11 . . .. 

., o' SIA I ., "' 5I • I ., "' 5I .. "' o' 5I t1\lff'IJ11 10 11tl L'JI''U tl\lff'IJ11V'U'YiltlfiU\Il'J'U'U11 

., "' 5I o' A I ., "' 5I "' .. ., "' 5I .. 5I I ., "' tHff'IJ11ff'11mWu11ff1'YI tHff 

'li'11 i 'U \IUVfl'li'11 

S/ i QJ' <V c:t, fl d .cl I Q.l Gl c:t. fl, 4 I d Ql Q.l ,J Q " 

'1111 u ff1'l..l 'YI1 tuu mw Mfl'l:l1 ff'j u 'YI1 'lft:J11tuu '1111'1111 • • 
105 

4 d .d Q.IC\ i d (External Feeder) (Internal Feeder) 
I f 9J i Q.l I I 0 i 'J) j/ 'j) I J!!l od .. '1 L'lf'U 'YI1 '11'1J11ff11Lu'Ul t11U'I11\I 

tr!u9fu • • 
1.hu 11111\1 ityty1U'lffJr!, 2540) 
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'UVf1'i11m.TuJ.rvnrh 

l11u 2540) 

. 
... 0 'JI 'JI l 1 "''JI "' • .ftl'W't1 3.3 'U Hff'li11\911Vtll.:J 

d Y d o l 1 d Y Y o l Col .c:!l .c:t Y ltJ i/o 'U Hff'\111 'UfH t1'ii1'U1'U 

1 200 400 191'1 

1-r 31u 

500 200 

1 i tJ i fill .. . 
q d ... 1 .d 0 QJ lt!!l 1 ' d 31 0 d 20-21 'ii1'U1'U 20 
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... d ... 
911t9llJ1£J 

Southwood (1978) .. 
(2548) 7 tlflrl'lJ'lf (Deevey, 1947) 

Ql Cf'd fJ} .c9 I I ,Cl 

flflCllJ'U'Yl 1 fll£1 X X m X+ 1 • • 
Ql ct'd 0 I I ,Cl 9} 

flflCllJ'U'Yl 2 X X+ 1 lx • 
Q.l fld 0 d.d.A d I I ,Cl fJ} 

flflCllJ'U'Yl 3 X X+ 1 dx 

'1 ' , ' x x + 1 Lx (I'll Lx = 1 I 2 [( 1x + 1x + 1)] 

ex= Tx I lx) 



'I .. 3.15.1 &1J 

0 ..... ' -1 .. ' ... &'If t'lfhl 

1...J 1-ff' 

., 1"'d" 
' .,. 'I .. .fll'Wfl 3.8 t1J t 

.. 3.1.5.2 t'lfff11tfl1J 

o "- I '1' "" " ' "- I '1' "" " liJ " &Hff'U11 'W'IJ11 &Hff'U11 t'lf 

2 '11. nn1.U .. 
I <!I ,_ I <!I " ' .. I) (Insecticides) , , ' 

q 

a 
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I) 

<!! 31_ 1 <!! , 31 "" d ?1 "" , - 1 2) (Fumigant) l'l1ll'U'V'Ill 'UJll 
111 a Q.l .c:1 cv d d 4 a oC\ ... IC)I .a o 1 'JI 

'UV\1 tV 1llfl 'UV\1111[11 'UJllfilC)f llf'lrll'll 11 

Ullrl\l\9lltl 3.9 

3.1.6 fintJiu .m'Vf.,Y1 l1 q q 

?1 0 ... ... 'I' "" , ... "" " 'J} ... " 3.1.6.1 t 

" ... "" " , .... " • ?1 (Rice Fund Surin) 1ll'U 

V'lflm 'll'l1lll'U l'U ffl1 fllllfl}J\911 1 'U U'U eu l'll rJ fl17ll j" U'U) 

' . " .c::t l!:!QI") d31 .C\ e:ttl 91 
ill'Vtn 3.10 fftll'Ul'l\91\1 • 

c 
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I 

!J:-ltiU'Vl'Hl11lJ'j .. 
3.1.6.2 h 

tl'ilf11'j 1 ij tll'l tlll'l ri1fityl u n l'j u tJ'j 

.I"' ... ,.I ... .,j 1 I ""'1 .I 1 ('1J11!1JL'ltlt1) 'illt1J:-JJ:-JL'l\9l('lf11'U1) 1J!1J'Ut'\''Ufl1 ('IJ11t'\'1'j) !Wti'IJltl l1Ut1J:-ltJ'j flfl (1J'j::'lfl'.lf'U) .. .. 

.I"' I "' • • I 
'IJ11t1JL'ltln t1J'U'IJ11t'Yn t'lf'U \9l'U'IJ11 'IJ11l1n 'jll1tlltl tm::'jltJti'U t1J'U\9l'U 

2) u tJ'j::t l'lff ut'l:: ri i tJ mff 

"' 1 ... "" ... o' 3.1.6.3 'Vl'U • 
" " 1 26 TJu 

,J 0 Q.l ,.. ..::. d.rl " 
VlllH'YI 3.1 1 

. .., 
;lnnu (flu) ... <!I 

tlUl'IJ 1UJflll (Ul'YI) 

1 1 12,000 

2 1 10,000 

3 
. ... 

1 10,000 

4 1 10,000 t 'illl1 'U 1l'llJ1\9l'j! l'U 

5 1 8,000 t 'illl1 'U ll'l Tl1tl TllJfl WfllW • • 
6 "' 1 8,000 

7 itJ 20 250 tlll'l 1 i'u 

.,g 1 ... 'l ... """ 3.1.7 ffmn 1 

3.1.7.1 

. " 
10 'jltJt11'j 3.2 
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I oumn1ti-nu (iJ) v iJ 1U.Ifn1 1JlUll ('Ulfl) g)'Ufi'U ('Ulfl/ ) .. .. 
1. tllfl Tnhu n ·HW 650,000 20 32,500 

2. 3,500,000 .. 20 175,000 . 
4!1, Ql .c:l 91 

3. lfl1ti·HlfiHI''IJ11 1,500,000 15 100,000 

4. 'Hlm1l'Jfi 4 ( 2 X 1,750,000) 3,500,000 15 233,333 

5. 111qj 1,500,000 20 75,000 
..;. Q., d 

6. 27,000 5 5,400 
d d 

7. 'jf:ll'IJ'U'IJ'Ulfl!Cin 10,350 5 2,070 
Ql A 

8. 14,500 5 2,900 
4 d 

9. (2 X 11,250) 22,500 10 2,250 
4 

10. ( 3 x 260,000) 780,000 10 78,000 

'l1tl 11,504,350 'l1tl 706,453 

3.1.8.1 fffl'l:l1fl11li'I11Jlf.l'UO·rr 

3.1.8.2 

3.1.8.3 H'f 

" 1os 
.i ?1 , • I "' "" , ..i , I "'I "' ' rrw .. .. .. 

. ' 
" Ql , 4 Q,l d. oQ. .. J 0 Ql "' " fj/ 'U11 
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.d: 4::1, Q.l CV.!IQ.GJi.q ffl!:::!l&oCVQ..I 
3.2.1 

hi i 

i i 

3.2.2 ... 
d G' " Q,l c:t. .0::::. e(c:::, 0 Ql i c$ 

1 ilu mn.h f.lfl\01 i 'lfm 1J 11..1 m 1101 ffl.l h 11 fl 7 111 'lf"" 1 'lfl.l u fll'j 1fl1J • 
!J/ i I 0 Ql 1 

111J111J 'Utll.JC'I 10 fltl flC'Il.Jtflfl\Ol'jfl'j cu .. q q 

"' "" !il.l !J/ i .. "' .1! !J/ I l.l fl'"l'lfl fll'j 1flfl \017 f.IIJ fll'j 1 H ff U C'l 'Wl.l f\'111..1 C)f 'I 1 ffl.J 1f.Jfll 1 ffl.l 'Yll.l1 flC'IlJ . 
• ' " Jl 

7 (1) fl111J .. 
(2) (3) (4) 

t.hl.Jl i (5) 'Iff (6) fi1 i i l.l fl17 • • 
oU11 'll flfll (fllflf.ll.l ')fl fl. u 1J1Jfft11Jfi11Jtl':i i 11111 l.I1'Yl1'11tltlfllfli tl'll! lf.Jl 'Iff 

.a Ql 0 Ql Ql:, " 
11Jti'Yl fflflW'Utl'lif 7 ll.l 1 tll.JC'I flU 1J1J .. 

v1.U w 1 i u rl111u 

tl Ql oGI Yo fl i"Q.I c:t. tie::,. 
tflW Cfl UC'ITU11flW 'lffl1J 

mTu i l.l 1 iu fll'j 11111 l.l 1'Vll'l1tl tlfllfl i tl'll! 1f.Jl 11 'j i ,j f.Jtltlfll 

• I "' "" o !ll "" • F- !ll .-i 1 !ll"" 2 fltl 1'lf'lfJWfll'W 5 'Uti 2 'Uti 1'Wtl 

i 

4 0 Ql 0 Ql 0 i " .4!!1 d 
Ill 11 w 1 1Jfl 111J ff1flf1J 11 'Yl1 11J 'Yl1" m tlfl'Ylll11J1 

i i l.l fll7111Ul.l 1f.Jl 3 U l.ITYl1'1 fltl 
v • 
cv y o.r:::S. .di .c:t .r:::l .c:.. 

(l) U1J1JUl.I1\0l'l (2) U1J1Jti1Jfl111J1fll.l (3) U1J1Jfflll'W1l.IC'I11C'If.J'I 

i'l\0111 3.3 mw 1vi' 

I 

1 !'Yll.l fl1 

u flfl ndmimT'I en 1 'Ylfl iJ fl'U fl'l tfli fl'll! 1t11' 'Iff 

3-1 

3 
= 0.06 

(3.1) 
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I )/ I Jl 

3 uuu (x) 
I ..,; I I .dl "' ,j 1.00-1.60 (L) 
I ..,; I I .dl 

mm 1.61-2.21 "' ,j 11 (M) 
I 

I 
I I .dl "' ,j "" 2.22-2.82 (G) 

' l!tnJum1 run fl1111N fl112Ja'Uil1fl 1:::lJlJ 1:::1JlJfl112J 
' 1'U 

tl fillil-31'U 
..,., 
1-31:1' 011 l-itm12.11au tlfillil-31'U 2JilllTJ::: 

" ... 
l. M G M M M M 

2. U'U'Ufi'Ufi111J M G G M M M 

" 1fl'l..! 

3. U'lJ'UfflfJ'VfTU G G G G M G 
0 "' "llCW'I 

'111JlV!'I119J : (1) L =Less (2) M =Medium (3) G =Good 

t111mhfl'ty 3.11 urt:: 3.12 urt::mnnnm':ithu-:Jru c.R.:::; 0.10 . 

ti'nnn C.R 2: 0.10 



94 

l 

1 1 o5 

':;: 1!lc; r-"7 ;:I "7 ;:I ;;;II r- a.,.. r- c .. .,... 
.. ;;::) "7 a.,.. e;: (0: ,... 

;:I "7 fiG ;:; ..- c;: .,..... ;;:: .,... ..- .,... 
r-"7 ,... ,... r- ,... ro c ;:i c .,... (11 i!.UO'Hl.:J) ro ;;:::: ,... .,... r-a;o ,... •;t ,... c G; G; :>: c ;:I (IF> r ;:I ..-(G .. ..- ;;::) 

lt:i -;:l ;:I ,... 
-;:l ;:i qtc; ;;:::: "(r> ,... a a ,... 

.. i ;:i r .,... G; ..-,... 
(0: -;:l a r-r "(0: (0: 

... 
(fll.:Jillflfl) 

"7 
;:I ;;::) 

11!!:: -..as ...,... r-
;:i •(G r ,... ;:I r r-

;5 (0: ;;:::: 
;;:I ;;::) 

r-
;;:I tc; 

;;:I 

. 
m'Wn 3.12 m1 

3.12 'Uf11Hi1lff'U 1 'il 

'l • _., "' "I • I "" Ji ' "" "' "" -f.: (Decision Making) f11J 

U€1 lf1 t m tiUt l lf1 U ffVtJ'VJ 1lt 

l !J/ """" ... " ,j "' <!I i ... " 105 
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i 'U 

31 """" """' 'l .I "'i31 "" .I 31.d '1111 'VI1 fJ 105 '1H'VIfl'Uflfl11 (Application 

"' "' of Quality Function Deployment: QFD) 
<:1 I .I O"!V 

3.3.1 fll'UVI'Wllfl11fltl'Ufl11u1::fdtlVI I 'If QFD 
0 0 y " QJ 

3.3.1.1 (Voice of Customer) tflfJ1f11Jf111 .. 
" " cv eJ. ... J A o cv i v .et.-C\ d. c:r o ff1 1-:J VI 'UU 1J1J t m fl.:Jl!l fJH fffl'U l'1 1111 fl fl1 1l UlJ ('! .:J 'U 'U flfllJ:: ('! fl'U 'VI-:i fJ 105 t 1 

... <I 31,f '} d31 ::It... I !!A'I31 
fflJfll'I:JW tf11:1VI1m tHff'\111 t'H1'U .. . .. 

I "' 31 '} i 31 31 11) 31 I i .., 31 a fl'JlJf.}W('Jf11:JW::f111lJVIfl.:Jfl11 tlJ (Tree Diagram) 1J1'11'1fJ t'YW 
I .<>f' <V "" <l.d ... ,J 

'lf1vun t 'll1Jty'l11f111lJff1Jff'U 

3.3.1.3 tm:: 

h.:J 10 • • u 

5 1::i1J . .. .. 
rl 0 Q.l " 3.3.1.4 1tm 1::'11 fl::U'U 'U f111lJff1flqj'llfl.:JU 1J1Jfffl1Jt11lJ 

5 1::i1J 

,J '" Jio • d tlJ'Uflltl!('ltt'\Jfl.:Jfl('llJ'IlfllJ('I CJf.:Jfll'U1W'I11flltuMm'llf1WVI (Geometric Mean) . .. 
tllflty it.li i'tl'Jwu'fllq!rl tl1'11 QFD 

Geometric :tvfean = n/N x N.- xN ... 
"\1 1 - ' 2 ' 3 ,' •• ·- 11 

(3.2) 

a 
tlJfl N 

I 31 .d11)31 
fll'llfl.:J'Il fllJCI'VI t flU 1J1Jfffl1Jt11lJ .. 

1, 2, 3 .... n 
0 31 .. 

• I oi"!V "' _I V .d 3.3.2 fl11u1::fdtlVI (QFD) 

tl'lu nnitm1::11' rrt oM' .:J1'U 1 . .. 
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.c::::. tl .c::::. Q.l tl ot:!t " ' 3.3.2.1 Ill \911 f19ffl111HUH'W fHWI fl W. CVI (Product Planning) 'H HJU 1'1-.1 U 'H 'I 
. _., "' y "'' y y "'' ' y fJW.fll'VI (House ofQuahty: HOQ) l'lf'llhl (Customer 

ll] '3) Ul d'ot:!t, .C::::. .d 'j) .d I 9} 

Needs) lflHCH'I'VIlifl6!'Vlflhlfl'Vl\916'1fl11 (Technical Requirement) 'Vl\91611ffhl6'1\916fl11lJ\916'1fl11'lJ6'1 

.. 
"" " -1 3.3.2.2 llJ\9l'm9ffl11UIJC'I'Ifl1Hlflf1U1111 (Design Development or Deployment) !IJ'W 

... ar Q,l " 4 .d , lrJ Y Ql "I!!J. , o , ... 1 , 
IJ1l'iltl!'lJ1 fl6!'Vlflhlfl'Vl\916'1f1Ti lflHC'IC'I'VIlifl6'lJ6fl1'Hhlfl'lJ6'1ff1'WIJ1:;n611tl6tl (Part Characteristics) 

"" " !:'1 _., "' y "' 3.3.2.3 !lJ\911f19ffl1111'1UH'Wm:;111hlf1Ti (Process Planning) IIJ'WIJ1l1ltl!'lJ1 fl6 
g) 0 t .. 1 1 ,91 Q.l .c::::. " 

'lJ 6 fl1'H hi f1 'lJ 6'1 ff1'WIJ 1:; f1 611 t16 t1 (Part Characteristics) f1 HC'I C'l 'VIti fl 6 'VIl'nll 1\91 m 'lJ 6 'I m:; 11 1'1-.1 fl1 ';i 

(Process Parameter) 

3.3.2.4 (Production Operations Planning) 
!:'1 _., "' y "'' "" " , y "' " "'' !IJ'WIJ1!1ltl!'lJ1 fl6 'VI111lJ!\9161'lJ6'1m:;111hlfl11 (Process Parameter) f!HC'IC'I'VIli fl6 m:;111hlfl11 

Ufi111i '11'1-.1 (Process Name) 

. 
' "'' 9161'1-.16'1 

,l y "' -"f "' "' ..;.,. ' "" 3 .4.3 fl1166f1U 1111fl11'Yif!C'I6'1!11 6'1\91'1-.1 IIJ'Wf1U flflm 6'1'11 liJ 1111 ti'H C'lf1 'YilJ HC'I6tll'lll 

uu 1 tf 1 os 

Minitab R.14 111111 Box- Behnken Design 
Q 0 I Ql t 0 t 
111llhl1hlfl11'Yif!C'I6'1 1 flH !'Yilf111 27 2 flH 'J11lfl11'Yif!C'I6'1 54 

fl1'J'Vlf!C'I6'1 tl4mh 111'tfiflfl11llttl.Jwh 1hlm'J'Yif!C'I6'1 3.4 
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' ' .:t o "' .:tll) 'JI ''L I VI11H'YI 3.4 Minitab Release 14 

' Q.l if v 1HU.I 
0 ... . ... 

' T H Th s 
flTHf,_, 

q 

(C") (em.) (em.) (rpm.) 

1 52 85 15 1.0 27.5 

2 44 60 15 1.5 5.0 

3 50 85 10 1.5 27.5 

4 48 85 10 0.5 27.5 

5 19 60 15 1.0 50 

6 39 110 15 1.5 27.5 

7 15 85 10 1.0 50 

8 34 85 15 0.5 50 

9 43 85 20 1.0 50 

10 33 85 15 1.5 5.0 

11 40 85 10 1.0 5.0 

12 8 85 15 1.5 50 

13 5 85 15 0.5 5.0 

14 28 60 10 1.0 27.5 

15 21 85 10 0.5 27.5 

16 31 110 20 1.0 27.5 

17 53 85 15 1.0 27.5 

18 7 85 15 0.5 50 

19 9 60 15 0.5 27.5 

20 36 60 15 0.5 27.5 

21 38 60 15 1.5 27.5 

22 16 85 20 1.0 50 

23 6 85 15 1.5 5.0 

24 25 85 15 1.0 27.5 

25 11 60 15 1.5 27.5 
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3.4 hhum11 Minitab Release 14 

0 QJ • QJ 

tllVI'U 
I T H Th s 

(Co) (em.) (em.) (rpm.) 

26 51 85 20 1.5 27.5 

27 18 110 15 1.0 5.0 

28 4 110 20 1.0 27.5 

29 23 85 10 1.5 27.5 

30 45 110 15 1.0 5.0 

31 46 60 15 1.0 50 

32 54 85 15 1.0 27.5 

33 35 85 15 15 50 

34 12 110 15 1.5 27.5 

35 29 110 10 1.0 27.5 

36 27 85 15 1.0 27.5 

37 41 85 20 1.0 5.0 

38 32 85 15 0.5 5.0 

39 42 85 10 1.0 50 

40 14 85 20 1.0 5.0 

41 47 110 15 1.0 50 

42 37 110 15 0.5 27.5 

43 22 85 20 0.5 27.5 

44 20 110 15 1.0 50 

45 2 110 10 1.0 27.5 

46 24 85 20 1.5 27.5 

47 30 60 20 1.0 27.5 

48 49 85 20 0.5 27.5 

49 1 60 10 1.0 27.5 

50 10 110 15 0.5 27.5 
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3.4 hhum11 Minitab Release 14 

' Q.,l' if Q.l 'il'iltl 
0 QJ 0 QJ 

' T H Th s 
fll1tl'll q 

(C") (em.) (em.) (rpm.) 

51 17 60 15 1.0 5.0 

52 13 85 10 1.0 5.0 

53 26 85 15 1.0 27.5 

54 3 60 20 1.0 27.5 

.a. Q.l .... Q.l 4; Q,, , 'J} 0 4C$! l!:!, 

3.4.4 UCI::'\ID1Jt'IJ\91 flU 11'Yllfll'ifffl1ll'Yl1J'Yl1'W'Yltj11Q UCI:: 

vvmt v,ifi m1 l u n11 th'H u 11iJ i' 1Jfll'i'Yl ,CitH .. 
ufi1ll 1nm1 mri1Ju1llli'll'llu1'l l um'i'Yl11CID.:J1dv.:JI'l'u ti1J\Pl'uu1J1J1fl1u.:J 

llltli' .:JiH)uvJ·nt'i, rivu'Yl, .. 
ff11ll'i flfl11Jfl1l ifi' f1 u ,:j • • 

4 cu u u q 

'UJ!il I d I Ql J} 
&,Ufl (1) fJW.'HlJ1l (Temperature : D-:!ffWlfCI19Wff) (2) 'i::ti::'Hl,:j'\ID.:J'HCID\9lfl1J'\111ff11 (High: Clf1l.) 

'J} o' o' a' ' cv . 
(3) fl111l 'H'Wl'\111ff11 (Thickness : Clf1l.) UC1::(4) fl111lfiD'W11D'i1\9lfl'i (S : HJ1'1f) ff1'W'i::,1Jfll'i 
" . . 

2 flu 11C1::1::i1Jff.:J 3.5 .. 

60 110 T 

10 20 H 
il 3. (Clf1l.) 0.5 1.5 Th 

5 50 s 



0 

c 

100 

. . 
- I "' "' o 1IJ Y - I "' ""'1IJ Y "" Y ,-ff11Jl)fl ll'n11U)'lJfl1'UfJ1lfJWl11Jll 

f11)l! 1t1i' 1 'VI tl'l i 'VI u m 11ffn 

. .,. 
(fll'VfYI 3.13a) 

. 
(flll'IYl 3.13b) 

0 Q,l QJ c:..d d. Q.l 

3.4.5.1 5 40 i1 

rl tl .J,., .d 
(flll'l'YI 3.13c) 

... 1 I fj} 1 0 .::1 i I <V d 
3.4.5.4 u fl ti'IJ11Vl1'W)::: 'U'U ff1tll'l1 'W tl'l t1 Vl1'W) :::'U 'lJfll)l! 1 tiH ff 

i'W,Y11ff1) 3.4 (flll'l • .,; 
'YI 3.13d) 

' " Q.l " "' 3.4.5.5 CJr'l'il::: 

3.13 e) 

3.4.5.6 .. 
?1 _I "<1 o' Y o "' "' "' .,. .,; tu'W!u fl) 1'Yilf11)'lJ'W 1t1Hff (flll'l'YI 3.13£) 
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"' " a) " b) 

. " 0 Q.l cv 
.fll'W'n 3.13 

d. C1.1 I J} .cS. t/ 
3.5.1 105 

3.5.1.1 105 

1 20 x 30 q q • 

" 3 3 
q q 
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d j) QQ d " trt ... 1 Q d 3.5.1.2 105 

\11u1u 6 th t 

I 

3.5.2.1 t'lf'W 

1) 2 11Ju'U'U fiu J,Mumimnlllw .. 
t'lfu t'lfu J111un 100 'H'luJ111Ufl 

d ?I " 1 ,..,. .... "'' '1 .... d _I "" 1 .:, .... I d .11 1,000 100 



J cv d 3) 
.fll'Vft1 3.16 

d , 

" "' d 

" , d "' 1 (Extra Long) 
, d . 

2 (Long) 
" , d "' 

3 (Medium) 
" , d "' (Short) 

0 Q,l Q.l " " . f)'j1Jfl11'1J11) 

, 0 "' 'illf1'1J11ff11'ill'U1'U 200 f)'jlJ 

103 

d , 
(1.11.1.) 

>7.50 

6.6-7.0 

6.2-6.6 

< 6.2 

LAB Model (Commission Intemationaled 

. "'"" -1 ""i Eccclatrage: CIE) 'HtiJ'Ul.llmiTl'U 'U RGB CMYK q q q 
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1'1fu Monitor Printer 

i 

A. Luminance=lOO (white) 

D. Luminance=O (black) 

B. Green to red component 

.<!! I 

Luminance Model (L) flU fl11llff11\l 

C. Blue to yellow component 

a 'Hllltl(j\1 

b 'HllltJ(j\1 hJ(i\lffmilu\1 
I I, .cl 

fll'j'Ul 'U fl1 ff a+ a-

b+ 
... .<!! 
n'l'H{ltl\1 b-

L fl11lln"il'l 

I 0 "" " ... " """ .fll'Wfl 3.18 Minolta 300 
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"" 3.5.2.2 fJWfl1'VfYI1.:Jtf11J 

"" ... "" 1 a v I -1 fJWfl1'YfYI1.:Jtf11J l1J'IHlfl£1W::'I'l1.:Jtfi1Jfl1tl 'U 111 11 ff'J'U 1J ::mlU'Yil.:J 

tfliMJu iJ tlm::'VlmiufiWflTVfM 1flfl • • • 
1) fl11114u (Moisture) 

2) 11J1;j'U (Crude Protein) 

3) i'lllJ'U (Crude Fat) 

4) (Crude Fiber) 
'J/ 5) tm (Ash) 

6) Nitrogen Free Extract (NFE) 
_I';! "" 'J/ 3.5.2.3 l1J'W1Jt'Vlti1Jf1Wfl1l'lfl11'1N\911J • • 
'J/ ...... "" o' ..!\ 'J/ 'J/ liJ 'J/ 'J/ I 

tl 105 'U1'Jfffl'U 1J • • • 
tl4u1tm1::M 

a v "" liJ v 1 

1) mmwuiJ1"ff (Apparent Amylose) 

2) fi111Jfi.:Ji'J'UU.:Jtt{keyn (Gel Consistency) 
Cl .!1 Gl y • • 

3) (ElongatiOn Ratto) 

4) fl"'U'I1U1J (Aroma) 
4 0 Q,l Q.l " " 3.5.2.4 fl"'U'I1U1J (Aroma) 

""' ... , 'J/ o' 0 ... _r;! "" , 'J/ 
flU 'lHflW CVI1J1 1 'U ff1'11 1Jt ti1J I 'Vlti1J flU '11 fl:: It 'U 'W fl 11ll 

'11Ull (Aroma Score) (fl1fiH'U1fl .:!. 
'11 ijlJ,Y 11) 
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' i .. ",1... .. lJ lfWlfll'H fft1111tl • 

"" "" 1 .tv4 3.7.1.1 (Break-Even Analysis) ( Utll.llf-Hl\J, 

V "'' ..!! 1" V «> I "'' d 2549) (Break-Even) flfl 

th 1 h rrhtimruri' J . 
0 1 " 11 

F U'YI\J 
, d . 

(Ftxed Cost) 

v U'YI\J .. hv (Variable Cost) 
I " 0 Fl U'YI\J F2 U'YI\J fll\J1 

"" I I Zl U'YI\J p U'YI\J 1tl 

N* U'YI\J 11 fl' lJ 'Yl \J • • • c 
A U'YI\J fll 1 'i (Profit) 

" d - (F) = (Fl) + (F2) 

- (V) = (1) + (2) 

" N* • • • 

Zl 

F 

P-V 

U'YI\J 

- (Cl + C2) 

" • 

"'' """' " "' " 3.7.1.2 (Pay Back Period) 2555) 

(3.3) 

(3.4) 

(3.5) 

(3.6) 

1 " Ql 4 I .:!I , Vfl Vtl 11 1 \J l.l1 

I'Yh 1 fll'i fl 1'W 1W if 11111f 'W 11'1 Vit11J!'1'i 1'i 1tl cu 'U Cli cu 

NPV = 0 (3.7) 
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(3.8) 

, ...... """ , """"' "" ... 105 t'lfffl':ilfllJ (Atapon Noomhom et al., 2005) 

" - I "'I " .,j "' "" "" • .1 3. 7 .2.1 t 'lflfl':ifl-:1\lltl':i • • 

(3.9) 

" "' • I 
• (3.10) 

, 'I , "' 3.7.2.2 IOI'W'VJ'Wfll':i t'lfffl':ilfi1J 

(3.11) 

" "' .I 
• (3.12) 

0 G.l 4C'::t, 1 ASI 411:.\ " 3 .8.1 tlfl'tllfllrt'lfll':i"Nrt\01'\.lfl..:l Hff'\111fl'W 'YI':i tlflfl..:I'VJ'W't111 

(Capacity) flfl 

. ' ' 0 Ql ..::.. 0 ...:!1. Ql 0 ..::::! ..:!I Q.l 

= 1ll'W1\Jlfl':ifl..:I1'Jfl':il1':ifl1'J1\J1\Jfi'W..:I1\J X l1rtl'Yilfl':ifl'l1lfl':i 

x 11-:idY'Yin.flTVi 
.Q d tie.. 

(1m1 1i':i':ilJmtu'Vimff, 2554) (3.14) 

3.8.2 fll':iDDmt 1 u i ut:Ji..:lfJ\Olffll1m':i1J L'lfu 1 Hff 

1 1 il1ru 
" 
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' ""' unn 4 

" 105 

"'"" 'JI 'JI 4.1 

4.2 m U1hl fl11 ffhl 1 'il 1 hi fl11111U UUlfl ltri' 

1 o5 

4.3 
"""" "' " 'i -1 dl, 'JI "" -1 'JI .,; tl 105 t 'lH'VIflhlflfl11 U 

4.4 tltlflU ltri' t'i4tl 

er 1 o5 -Nffl'jtflli 
tl fj) .C::.Q d. tl -f.! d Q ,. 

4.5 105 t1Ul'Vlt1Ufl11t 'il1qjliPIU tiP! 

'U ltri' ffVhl 

"" o''J) " 4.6 

4. 7 ltJi' 1 hi ,j11 
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"""" " " .A o !V d, !V (Life Cycle of Rice Weevil) llJ'Ufll'iMflllllV'IV'Ul'IJVlqjl:l'VI 

(Design of Experimental: DOE) 

4.1-4.4 

J .e. ,.. j1 'j) Q.l I d .Q 

fi11H't1 4.1 (Rice Weevil) 'VIfJtU'HfJll 20 °C 

flil 

'H'UV'Uir.J 1 

'11\!V'Wir.J 2 

'Huvuiv 3 

'H'WV'Uir.J 4 

lU q q cu 

. 
0 QJ .:::1 ' 1lltfJ'Ul'UliliUJ ± I'll 

5.5 ± 0.71 

41.5 ± 3.54 

7.5 ± 0.71 

9.5 ± 0.71 

13 ± 1.41 

11.5 ± 2.12 

7 ± 1.41 

22.5 ± 3.54 

54± 1.41 

5-6 

39-44 

7-8 

9-10 

12-14 

10- 13 

6-8 

20-25 

53-55 

4.1 20 °C V'11J';h . .. 
5.5 ± 0.71 1u i111Uvu 

" 1sJ '"" .A ,. "" .l "" ... i" d ... ... " '1111 V1'U tllll'lll lllV t\9lll1'11lllr.J111V'Ill'IJ'U 'i::r.J::'HUV'Wll 41r.J 'lfldl:llllll:lr.J 41.5 ± 3.54 1'W 

"""" i ... ld .el i I Q.l " d. Q.l Q.l d QJ ll'ff'lll1 'W'i::r.J::U'Jfl UJ:l::tlJJ:lr.J'WllJ'W'ff'Wl\911-cl 7 ±1.41 1'W 

Q.ld<V .d .d Q.l 

t'ir.Jfl11 Rostrum 'i::r.J::\9111\9lll1tl 22.5 ± 3.54 11.! 'i1ll'i::r.J::nm 

'I "' " " '1 • :'1 ... d ... d 54.0 + 1.41 1u u -



. . 
c:l .c:t.c::rt. " " • • • .cl. 4::), 0 4.2 1'1111'1'l111Vl'IJV'IWN-:!1'1'1J11 (Life Cycle of Rice Weevil) 'VlfJWlUJll 20 C 

1 j/ "" 'W l'lfl1lJfllJVW '11 fllJ q, q .. 'U 

x* 

500 

(191'1) 
... 

'11'WV'W1tl 1 472 
... 

'11'WV'W1tl 2 446 
... 

'11'WV'W1tl 3 424 
... 

'11'WV'W1tl 4 401 
... y "' (1'11) 380 
Ql d Ql Q.l 

(1'11) 358 

. 

dx lOOqx 

28 5.60 

26 5.50 

22 4.93 

23 5.42 

21 5.23 

22 5.78 

-- --

0 d. ' ..dl dx = X fl'l X+ 1 

qx = (dx /1) 

LX Tx 

486 2,552 

459 2,066 

435 1,607 

412.5 1,172 

390.5 759.5 

369 369 

-- --

111 

ex 

5.25 

4.50 

3.69 

2.84 

1.94 

1 

--

20 oC . . 
500 vlv'l 

358 i1 1) d) i1'11uvu X q q X 



11'1.HJ'W1tJ 1 

11'Uti'W1tJ 2 

11'Uti'W1tJ 3 

11'Uti'W1tJ 4 

. 
0 Q.l .c:t ' 

1ll'J.fJ'U1'UiiUUJ ± fll 

5 ± 1.41 

35.5 ± 2.12 

6.5 ± 0.71 

8.5 ± 0.71 

11.5 ±2.12 

9 ±2.83 

7 ± 1.41 

25 ± 4.24 

49.5 ± 2.12 

.,...., ..... 
't'tt1ll (1U) 

4-6 

34-37 

6-7 

8-9 

10-13 

7- 11 

6-8 

22-28 

48-51 

112 

' ' ' d. .d. 0 " " 1 1 ll) ' d, Ql 'illfl\911'Jl.:J'YI4.3 'YifJW11.fJl.J 25 C 9'1 t'UUHW 5 ± 1.411'1-A 
.d Q.l Q.l 'J).d Ql cvdaJ.c::t ,d 

35.5 ± 2.12 1'U 7 ± 1.411'U 25 ± 

4.24 1u 'illfi 49.5 ± 2.12 1u 
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. . .q d..C:. 'J) 'J) d .q 0 
m·nn1 4.4 (Life Cycle of Rice Weevil) VlfJWlUJ1l 25 C 

i fliJ cu q q tU 

x* d, lOOq, L, T, e, 

';i:;tJ:; i ('VJU.:J) 500 18 3.6 491 2,754 5.60 

';i:;tJ:;mJu'W (i1) . 
.., 

l'I'WU'W1tl 1 482 15 3.11 474.5 2,263 4.76 

l'I'WU'WitJ 2 467 11 2.35 461.5 1,788.5 3.87 
.., 

'\1'W{J'W1tl 3 456 8 1.75 452 1,327 2.93 

l'I'WU'WitJ 4 448 10 2.28 443 875 1.97 
.., y .., 

438 12 2.73 432 432 1 
Q,l d Q,l Q,l 

426 -- -- -- -- --
: 

. 
0 d d,.q f 

lx = x fi.:J x + 1 . 
0 d I 

dx = X fi.:J X+ 1 

qx = (dx / 1) .. 
0 .ct. .:S.dd..e::!t. ., <!! 

LX = 'W';i:tJ: X ().:j X+ 1 [ ( lx +IX+ I )/2] 
0 d 4 ·d d . .I t 

Tx = x Lx . . 
d 1 Q.l d .ci.c:I..C:. 4 I 

ex = X (T/ L) 

25 oc 
i 500 'VJfl.:J 

426 i1 (rh 1) 85.2 (ril d) IP1'1 
X q q X 

"' 0 I <V 1 ?t "J I "' .d 8-18 1911 
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500 l 
1 

..J-1)0 

300 I 
200 

100 L .... 

0 

1 2 3 4 5 6 7 
l!UtlUliJ I lfUtlUliJ 2 l!UtJU'ill 3 lfUtlUliJ 4 ftflllif w .. w 

ft'llftiJ')IJ 

' ' 
ill'Wofl 4.1 W flWlffllJ 20 °C 25 °C . .. 

' 
'illnmwn 4.1 

' 
W flWlffllJ 20 °C 25 °C 'VflJ'h 500 l'Jfl.:J 1-4 flfl . .. 

cv Ql 'J) Ql Ql d Q.l Q.l Q 0 
472 446 424 380 358 25 C 

'V'llJ11 500 l'Jv.:J 1-4 flfl482 467 456 i1 

Expert Choice 'illflUlJlJfffllJf:lllJ 

(fllfli!-I'W1fl fl. u lJlJfffllJf:lllJ 1 'ill11U 11 

fll'l 'l MJ 111 u flfl11mYlfitu l 'il 'W nlum.J fllJ 1 ,j .:J! 'W 1 :j1.:J fl Wfll'V'l titJ ,:j1 \lth mw u cu cu cu q 
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o\'Jnnm.J) 

l 
_....._ 

_....._ '<!; .,., _....._ _....._ 

"' "" c-i 0 00 N 0 N ("" ,...: 00 ........ (', .. ... r- v\C r-.; ;I ..,f ., ;I ;;Q 
r- .... r- I>= .., 

... 
;::, ., .... (;:) s r- ;I .., s ...... ftc "' f;I .... ftc 10: .,. 

3: ... ? r-
3: ;:; r- r- r- •c:o: ";:l ., (;:) I>= ;:; c .. .,. 
(;:) ;;:> ;::: r- .;;; r- r-
;;:> r- c c c:: -.::: ::s: ;I ;I 

(§: fl= 
(§:0 r .- ....... 

:;::: ... ;;; ;::, (§: (;:) ;I r-(;:) tc f\C ;::: :;:::- ... tc -;:< .. r- ... -;:< ;: .... ..-;:; -;:< c:: r-
r- r a "10: 
("" 10: !i:• 
10: 

"' _....._ 

_....._ ..... 
-D 

-D r-"' ,...: ., 
;I "" (;:) Vtc aag ....... ? ;:; •tc r r- ;I :::: ("" 
10: r-

;5 ;:l ;::: 
(;:) "" s r-;:l \C s ;:l s 

. ., 
.mown 4.2 f11'j i '11' '11TH u mn un;hfi' ru u ihnf v 

u 
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,, 
2 

1:E 

10 A 
-t---------,--------r------------, 

vnr.h l1rmnnlJ1nhJuvv fiv (1) tfl1V'IU1J1Jff1tlvnu u.. q 

o.c:l Cl?l" 4 4 
llltcltl'l 76.3 (2) tfl'JV'IU1J1JU'U1\9l'l 17.6 tfl'JV'IU1J1JV1Jfl111J 

"' .. 31 4.3.1.1 ffllfllllW llf1fll .. 
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"" " 31 31 ..oii3131,1 'Hcl-:J'illflU'W (Reword Data) t'V'W 'Ht'\.11 'il-:Jltl .. 
'j) Q.l d 

11-:JI'll'J'l-:J'YI 4.5 

.. " . (Voice of Customer) 
0 d 

2 

3 

4 

5 
0 Q 

6 

7 

8 

9 'YI'U'Yil'U 

10 

11 

12 "' _, " Safety 

13 

14 

15 

16 

17 

18 ..\ " ,, Q 
lfllHJ'UUlU fi11\PI111 

19 

20 

21 

22 

23 

24 

25 

26 

llouth1'l1ti (Reword Data) 

"' .. 1 ff fllJ fl1llJ l'l1l.ll ff lJ . 
fll'Hl tl flU 1J 1J l'l1lJ 1 fflJ 
.. Q 

I , 31 I 

"lftllJU"lflJ 

"' d 1 .:J'YI'U'Yil'U 

A " lfltW'UU1Uff::fl1fl 

I f d Ql 

Ct. rl cl d 
'J!fl tl 'U11tl 1 tl 1 fl11J fJ lJfl11lJ1 1 11tl1J fflU'I'll'U 

Q,l' " d m fllW fl'll 11ff11'Yil'l1lJ fflJ 

1lflll11lJl::fflJ 
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(Reword .. 
Data) 1Vi' 

1 os 1sllm1fi'1 4.6 • 

flauthhnj (Reword Data) 

i Sl d d 
1. 

2. f11:iflflflH1J1J111:Ul::ff:U 

"' d 3. 

4. :ilflli11:Ul::ff:U 

d d 
'YitJ'Yil'U m'YI'Ufl11:i 7. :Ufl11:UH'U.:JUH'YI'W'Yil'U 

"' .I o' :UQIJfl'HU Safety 

., 
14. 111JlJI111Jl::ff:u d ... , " d llfll:if111Jfi:Ufltu11fl:U . . .. 

.... d 
15. !flfl:ifi11JfJ:Ufl111f!:i1:ifl1J 

fflti'Vll'U 
' "' " "' 16. \9l::um 

4.3.1.2 • 
310 , 'J/.ol!!id. ,..d.. Q,l 

lfltl flt.Jfllfl1111\91 fll:i '\J flfl1 '11 :i fl! flfi1'YI H1'W fll:ifl fl .. .. 
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tl,HntJi' 1 l'l1 tl 105 
• 

'J/ 'I 'J/ I 'l 'I 'J/ QJ I ,j 'l .li QJ 

(Affinity Diagram) 

4 nrilJ fltl .. . 
1) 

2) 

3) 

4) fll'j 1 

"' c:l \1 

d 
fll'j tltl flu 1J 1J l'l 1'11 fflJ 

.., "' 

"' c:l lJfllllJU Hl'l 'Ul'll'U 
.K 1rJ 'J/1 

l119ftl 

" tlW l1 flllt .. q q cu 

... .. .. d 
tl'U 1 1tl 'j 1\91 tl 'j fl 11JfllJfl lllJ 1 'j d 'j tl1J ffltJY'f l'U • • 

,j 'JI 
1fl 

i1f11llJtJ 

"' lJ fl 1llJ l'l 'U l'l1 'W 

4.5 f.!W W i! lVi' ffU'U vh 111 

1 o5 

" 
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. jl 1 Q.l 91 d 
{3) !"ll''W 

fl11J flmJ i' l1 niJ 1 l11J fflJ t 1flftl'l fl f fl11J fllJ 11 fllJ ff1tJ'W1'W !fl g fl'W U'1v q q cu q q 

(4) t'lf'W 

mmrumn 

,lY (Tree Diagram) 

1 11' 1 4.6 • 

fl111JoW.:t'rftl 1;, 
'lltl.:lt)fltlh 

..,. d 

d 
f111 flfl f1 u 1J 1J'Vl !l11J fflJ 

" l1 niJt q q q cu 

mqm1 1'W 
..,. 
1J f) 111J 'VI 'W 'VIl 'W 
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, da Q.l d .. .1 k d lll " o Q.l .... ar cv , dod , t:nlfl U 1J1Jtfl1 n'J lt'J GJf .:J t U 'W 'W fl "lll.Jfflflty'tl 'ti.:J u 1111 1-:J"] 'VIl.J f'H'II'l'tl 

1 (fllfiH'W"lfl11. 1) 4.7 2 (fllfiH'W"lfl11. q q q q 

.d Q.l d d liJ j/Q.I Q.l Q.l .d 
'VI 2) 4.8 3 (fllfiH'W"lfl 11.) 9f.:J 4.9 • 

. 
.c:!l " ' cv 4 .e.t.tel: 

iJ ty111 1fllfl1 

1. ... 

2. 

.:J 1amh 

"'""" .I "'""> •1" 3. 11 ttlfllff'\'11 11 . "' 
d"w,S't c!l .. IGJ Ql 

11 V\111 

4. r-hli1"'tl"' 

J " Jt Ql' .cl .a 0 Ql " .q.q .=s tl lll'ft'tl 4. 7 'J l 'VI'J tl 105 

, t..:::t Ql " 1. 

'1 • di" d 2. 1Jff11111flfi1'UfJ1lfi111JL11 "' 

"" :'1 d 0 1 " " 3. 'I'll 11fl11ll1tl'U 

M 
'1 

14:1 d rJ' 4!:!Jo 

4. 1lm::'U'U1'li'UL'lltl1 (Sensor) 

Ql t " 5. 

(Jlfl 
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.I " .S i"-1':! "' i " "i" t'rW 'il '11 

q 

. 
<!! Ql 

M 
Ql o!Q,t G'i" 2. 

.: "'1 4-dQI " 1UU1'b'fi un Ufi::LLlJcN tltlfi 

3. 'I.Ji'u'I.J'i 111' . . .. 
d ... ..r ..r 

11 

4. iim::\lnuNu in 

s. iinuuni"Yl'lf' . 
I Ql 

1 os 1 ffllJTHl'Yil i 1v'lfll'i 

"' d. I I 'j/ d ,... "llJ"i "'.I " . . " 
Vi t'lfu 1vm q q q cu 



" ' ' rhu ll.:J 

, 
-lltl11lJ'W • 

"" - I • • 

' 

I o' 
- . .. 

"' , "' -

123 
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t 0 " G.l 1 

11 1n .) 

3 1 
9/ 4 G.l .c:l 4 o G.1 , " .c:S. fl I 

1J 1m ll1£JHfft:l'U'Vh 'U 'U11'U t:l'U 'Vl7 £J 105 ( flt:l'U 

vr\Pll'U1) 2 
.c:l " 4 c1 Ql .ct ... .1 a o G.l 1 9J ...::...::::.. d " 

mw fffl'l:ll £J 105 

lm£J1J 3 
q u 

11 ij vrWJu u 1111 1 lfl i ffij u 7117 1 

'Vl1 rJ' 105 aR vrWJu 

1 5 
v Q.l qqfl "J fl (Likert Rating Scale) (lJ'Vlli lfl£J117W, 2554) (fllfiH'U'Jfl 

d 
1 2 

G.l 4!i 1 d 5 
.., , 4 

3 

"' , v 2 

"' , v 1 
I .J 

4.3.1.4 fl17'H1fll!ll 

n n l1 1fl1m u u u fl 1111w 1 w uu 1J 1J 

ll1vi' l rJ' 1 o5 1fl1m 
' (Geometric Mean) ('Yi.:Jffm 2552) 

Geometn'c Mean= n.rtf X N X N X M 'V 1Y:L 2 3 · ·• Hn (4.1) 

N 

1,2,3, ... n 

1 2 • • 
1 1Y1'UfJWflWI (House of Quality: 

HOQ) iYu 1 1 " .. .. 
IMP (Importance) l l 

105 mwf1mn 
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Rating 

(Importance: IMP) 

1 2 iunn 
."1' I 'J} "" , 'JI_"f 'J} I , 'JI_"f QJ .. (Rating) flltn'W 0.50 0.50 (tllJnf!'W IJ'Ufll, 2544) 

4.8 ff1 'W'Wfl \Jt19il.:J'l'] i . . 
1 • . 

flllilarJ (IMP) 
Sl Sl • 

fl11l1VItl.:Jfll1'Utl.:J\)Ofl1 (Customer Requirements) 

"' .: lJfl11lJL1 'U.:Jil'H 4.676 4.68 

4.573 4.57 

4.373 4.37 

4.183 4.18 

3.519 3.52 

3.728 3.73 
" ..... g/1 

l11"1Hl L fl·ntl 3.986 3.99 

3.149 3.15 
" 'ljflfi1'1JfJll'lJi'm1-:ifltul1iJiimlll::ffl.l 3.501 3.50 

3.220 3.22 

3.322 3.32 

3.354 3.35 

3.207 3.21 

3.949 3.95 

lj 1'11llJ 'YI 'U 'Yll'W 3.661 3.66 

lf1fll'j 4.8 ff1 ltl! tl'j fl:: tt 'W 'W fl 11lJ {1 \}' tl9il.:J "1 
I I • sJ 

i 1 1m 
' I if 1l im1 tl-:1 '\I'W n:: ii 'hu tltln ltii'W tl-:1 lJf11'jtJ tlf1tt 'lJ 'lJ 'l..f f1 • 

t'lfu • • • 
m fflJ fl 'J'j 1 fl H Hm nl9i' tl-:1 fl 111Jtt H 'l u nu u 'U'UI9i' u ii fl11lJ 

" m m:: fflJ ffllJ u (l 'j tl-:1 fm.h mr n1 l'W fl 1llJ 1f1 



.... ,_, 

126 

t t 

fi111Hllflty (IMP) 4.11 

. 

!II !II Rating Rating fl1lll\lltNfll':i116\I\)Ofll 

(Customer Requirements) .. ... i .. .... i ... ., i .. .... i 
Ntl\llfiW't'l Ntl\llfltl.l't'l Ntl\llfltl.l't'l Ntl\llfltl.l't'l 

"'"' ' ' "'"' ' ' O':iWftOlll t)U11\I O':iWftO'Yl t)ll11\l 

"" d 
4.13 4.89 1Jf1111J11 11\1111 {) 4.129 4.890 

3.704 4.277 3.70 4.30 
.J 

fll':i66flUUUl'l1l11Jl::ffl.J 3.366 4.573 3.37 4.58 

"' "' 3.424 4.183 3.42 4.20 'll'U1fln::mrifl 
., "' "' 3.366 4.038 3.37 4.04 1ff lJ 1'1111J 1l11J 1:: ff:IJ 

';j 1 1'111'111Jl:: ff:IJ 2.702 3.27 2.70 3.27 

3.728 3.326 3.73 3.33 

"' , "" fl::Un':i {JflflLWfl'll11ff1':il'l1'111Jl::fflJ 2.449 3.104 2.50 3.10 

3.232 3.669 3.23 3.70 

mnJn::mn 1'111Jl:: fflJ .. ., ., d 
'J!flt:I'UL1t:l':ilflt:l':ifl1Ui'J1Jfi111JL':i1 3.812 4.782 3.81 4.78 

':it:IUfflfl'nl'U 
4 , 

Lflflt:I'Ufllf.lff::fl1fl 3.326 3.837 3.33 3.84 

11 1'1111J1J {'It) fl.ti fJ 3.22 4.012 3.22 4.01 

n-1amu riltiia{J.u'n 1Kmmru111n 2.98 3.362 2.98 3.36 

-N.:nu'Ul'U 3.27 3.464 3.27 3.46 

"" 1Jfl111Jl'l'U'Y11'U 4.472 4.890 4.50 4.89 

4.9 ff1 1m u u fl111l fflrlt!J'Ufl ,j 

h 1llflt m cnmw ffflfll U'U'Ufffl'Utl11l .. 
I I I Jl 

'V'I'U'h . " . 
1 , I d <!I , "' .I"' .I i ""' I "" , t'lf'U • 
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1'ff" t'lfu 01tr1u t'lfu 1:1 q 'U q 

Q.l 'j) d ..:!! .a " , ,.::::1 Q.l Ql 

fltl fl11 n'ltlfl'UU 1"1 'H fl1Jfl11fl" .. 
1i''I1U t'lfu fltl 

q 

(IMP) 4.11 Rating 

IMP ill 
.. u 

_, "''IS' "' 
4.3.2 (QFD) 

.c::t. tl .c:). Q.l tl 
4.3.2.1 (Product Planning) 

.c:).t/ 
'H1tl1J1UfJWtl1Vi (House of Quality : 

HOQ)t 1:J U fl11 tt U '1 'lfl111J,; t1 'I fl11 'U t1 'I '1 flfl 1 1J1t 1:J U f1111J f1111J ,;tl'lfl11 'YJ 1'1 1U t'Yifl iJ fl t"' tltl1 U .. 
)I 

fJWtllVi (House of Quality: HOQ) 1llu 
:, J}'J} I 

'UUfltl'Ufl11ff11'11J1UU'H'IfJWtl1Vi 
So' So' So' 

2) (Customer Needs) 
So' So' So' .dliJS' "' .. 

'U tllJ '1 fl111Jfl tl'l fl11 'U tl'l fl fl1 'YJ t m 'H 'il1fltt 1J 1J fftlU 
So' 0 1 '1 So' 1 ., .. .,; y y <!I fi11J ttm'U11J1 ff 'UUlUfJWtllVi 'Ufltl'11JU'YJ 1 'YI1'1"1'U9f1ti1Jtl 

2) (Importance Rating) 
:'1 t d Q.l 0 Q.l d, y y t JJ u mt 'il" tl1 "'u u u u f1111J ff1flty'YI "''il1flfl11 ff11'1 u uu fftJU m 11 

, -'1 y y 'I y ., 0 ., .d 
1J 'H'1flfll t 'il1flfl111'1'YJ 4.8 .. u 

3) (Technical Requirement) 

(Technical Requirement) 4.11 

m1ti1'Hu "ri1tih'H1l1t1 
0 I PI Ql 1 .d .,i ,,, Ql Ql tl 

fll'HU"flllJJl'H1J1tl (Target Value) "'IUff"'l Ufl111'1'YJ 4.11 CJf'l 'Hfllfl111J'H1J1ti'Utl'lffty'1flllW 
I " ., "' fl1'1"'} 

"' "' .. i ffty'1flllW 'H1Jltlfl'l 
., "' .. 

ri 11 iJ 1'H 1J1tlt'l"" ffty'1flllW 'H1Jltlfl'l 
., "' .. 0 ffty'1flliW 'H1J1tlfl'l 



(Technical Requirements) 
" . 0 ... «'t 

'W 111'Wf1'UU\Itf1Hl\l 

" . 

' f1 U'u l'H1.JU.I 

(Targets Value) 

I .£ .X ,_. 
lJ1f1f111 5 'lf'W'U'W 1J 
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Movement 

of Target 

f11'J'VVf1U1J1J ... -:-, -,x-;;;------t----t--1 
lHll'W1'WtV.lJ'U'W 

" 

4.10 i 
rvmiifl vnr.h t'lfu J111Umfliv\l 1nr:h 1J'.i'H1fhdh11:J.J1rJ fivi1 • • 
Jm 'IT 1 111'1! fff111 1 v q q q q 

1J'j'j(l V.1J'h 1J'.i'J'(lfi1tlh11mu q q q q q 

l-M'\11'W tcM'W 'J'1f11tfliV\I • • 

11 cf" \llntTu 111 'l1 n oU' vti111 u Ht 'VI flU f1 1 'Lll ff(l "' u 

4.11 (HOQ) 1 oM'l 'Wf11'J'ft1'W1W111J111uf1f111ll"hfl'ty 
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.QQ,It/ • 

4.11 (Product Planning, House of Quahty: HOQ) 

X 

X 

X 

++tttttt+++tt 
Jllnl01111UU Rating 

I s.aw btW I 
Ol '--_Tatge!.;...lhe_best----JI 

IMP 10 II ll l3 

4.57 

;: 437 337 4JS 4.58 I 35 5.1i9 

3.42 4.10 4.20 1.22 5.09 

3.52 3.37 4.04 4.IJ.I 1.19 4.18 
"'' 3.13 2.70 3" 3.27 111 4.07 

lll.fa 'bl'ilV 3.99 3.73 3.33 3.73 3.99 

M:Uf1Hhllll611f'l'lllllll::!lll 3.15 9 !.S!J ).!0 3.10 114 3.'l0 

E 3.50 3.23 l. 70 J. 70 1.14 3.99 

;:! 111iillllilllllHlfl'llllllJftllll'.ii161J 3.12 9 3.Rl 4.7X 4.1S 1.25 4.0l 

!llMIWWff!;ft10 3.33 3.84 3.84 1.15 3.81 

4.01 4.01 114 4.15 

3.21 2.98 JJ6 3.30 1.12 359 

lfrllllJnlllllU 9 4.50 4.89 4.il<i 1.0& 395 
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. . 
!J) 0 " " c:t. 0 .:::1 'lltlf11'11'W fl (Technical Requirement) fl1'11 'W ff'Yll.:Jfll'J tTl "'ti'W 'Yl 

I 3} 'j/ Q.l 1 Q.l Jt dd. d J/ 
'Uti.:Jflltlh'11llltl (Movement of Target) 'Vl'U11 

.;. •d. Q.ct.!l J. .qQ t.q ..dl .;. 
'Vl'U11 fl11fffl'111tli'W'ti.:J111flf111 

• • ' JJ 1 

tflf1ti'W '1 '11'l 'Vl'U',ll fltl 'Vl'U11 fl'tl 

'1{ 
0 Q./Q.Irl. "0 , 

4) fll'J fl1'11 'W 1i l '1111-:)'IJ 6fll'l1 'W 1'W t'Ylfl 'W fl fl'U fl 1111 
g) 9/fd, Q.IQ.It/1 CVGj 

(Technical Requirement) 

-11.:J - 11mvo.:J 1,ji1fl1111ff'11ri'ui' 

3 

9 

"' "' "' <I y '1111 1tlfl.:) 11fl1111ff11'Vl 'W 1i 'W tltl 

'11111tl0.:) i1fl1111ff11ri''W i'111'W fl"1.:) 

5) (Planning Level) fltl 
Ql 2'1 d " 0 <Q tl .c::t cv " .d Q.l Q.l 

1Jl'l1lllri'VI6.:J flfl1 f11'11'W t t m ti'U! 'Yl ti'U 1 1fl'U 'W 'W 

fl1111Vi.:J'Vltl 1111 
"' 

f <IQr. Q.l r/ I I I 

Planning Level = Max (m Rating f-l"l'lflWG}'lfllWfffllll, m Rating (4.2) 

I C!k Q.l 6 cl,dl I Q.l 

m Rating 'llti.:JH"I'lflWG}'lfllWffmn I'YI1fl'U 4 

Rating IYhn'U 5 

Planning Level rvhn'U 5 

" I Q.l I Q.l £!:l Q.1 1 .c::t 
6) flltll'l'J1ff1'Wfi1'J'Vll"ll'Wl (Improvement Rating) fltl 

'Jfdtl 1 M'VI111J11 11 u w flU 1 u min 1 V\9111-chu flU 

il"ll'W .:J 11:lu 1M' fl1111 oWtff'hl 
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I Ql t/ Improvement Ratio= Planner Level I fl1 Rating 'IJU.:Jf-.l'l\Plfltucnn·aunnll1 (4.3) 

Ql I 1 'J} "' d fi'J .:Jff'H:J11fld111U'IJ.:JUH 

Planner Level !'Ylln'U 5 
I <V tJ' I Q.l 

m Rating t'Ylln'U 4 
' Q.l 1 Ql .:!! Improvement Ratio l'l'l1fi'U 5/4 l'l'l1fi'U 1.25 11'JU 1.3 

Q.l oQIYo 91 .Q 

7) (Important Weight 
1 

I Q.l o Q.l 'J) 'J) of Technical Requirement) 4.11 
u 

" ' ' rllU 11 1111 cu q cu u qJ 

Important weight of technical requirement= IMP x Improvement Ratio (4.4) 

Ql I 1 'J} "' cf f1Hff'J1-:J11f11111U'IJ.:JIIH 

IMP I'Yllti'U 4.68 

Improvement Ratio I'Ylln'U 1.3 

Important weight of technical requirement= 4.68 x 1.3 = 6.09 

Ql ocv 'J)o .Q 

8) fll'U 111 'U f1fl1111 ff1fiOJ'IJU.:J'IJ um11 'U l'l'lfi'U fl ff11'U 'J W (Absolute u 

• • 0 I Ql 0 Ql 'J) 0 Q Technical Requirement Importance) 

ff11'U'JtU fl1'U1W 

, .c::::t. t 'j) 

x Important Weight of 

Technical Requirement) (4.5) 

l9i 1U VN n n ri 1'U 1W 111 1J 111 u n fl 1111 'tll ri OJ'IJ U.:J ,Yu fl111 'U 'l'l N 1 'Yl fl iJ fl ff11 'U 1 w (Absolute 
u 

• • 3/o 'J) .c::::t.o Technical Requrrement Importance) 
cv ocv'jlo .c:::::. r/1 

fll'U l'H'U fifl1111ff1fiOJ'IJUfi111'U 'l'lfl 'U fl ff11'U'J W l'b"'U 
u " . 

0 Ql "' 'Ul'H'Ufi'IJU.:Jifi'J[J.:j = (4.18 X 9) + (3.52 X 3) 

= 48.18 
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"' 
= (4.68 X 9) + (4.37 X 9) + (4.18 X 9) + (3.52 X 9) + • 

(3.15 X 9) + (3.50 X 9) + (3.22 X 9) + (3.32 X 3) + (3.21 X 9) + (3.95 X 1) 

= 282.38 

"' 
9) vhumumhfi'ty (Relative Technique Requirement 

I ..,) fl d r/ I 'j} Q.J 0 Q.J 'J} 0 C); d' 
Importance) tu'W f11) '111fl1t u U) t 9f'W \91 fll'W 1 '11 'W flfl111J 'U Ufl1'11 'W VI fl 'W fl \JHU 

fi'1u 1w 
u 

"' 
f11111'11Uflfl11llff1fi'ty = 

t ' Ql 0 Q,l 31 0 ol 
11J '111J fl1 'W 1'11 'W flfl 11ll 'U U fl1'11'W V11 t Vlfl 'W fl tu 

Ql oQ.I Yo fl 
fl1'W 1 '11 'W flfl 111J ty'U U 'I'll Ufl1'11 'W V11 'It Vlfl 'W fl tu 'UU'I '11 1'U U 'W 'W 

X 100 (4.6) 

"' vh111Munfl11llff1fi'ty = (48.18 I 2,468) X 100 

= 1.95% 

= (282.38 I 2,468) X 100 

= 11.44% 

. .d 19} .c!t tQ 1 • 'Jio 
4.11 'lt)tlfl11 Correlation .. 

. . 
u 11ll ff'mr u 1h m u t VI flu fl u 11'1f mhM u Vl1'1mflu fl u u 1ff'v 

0 .c:::t Q.l Q.l c( I Ql 

llfl 1 11J 1i \91 U fl 'W lJ1 fl 

X .c! Q.l Ql d' I Q.l 'j} 
1i\91 Ufl'W 'W Uti 

' -11'1-

HOQ 
"' "' 

tlll911nci'mnu fl1U1'11Uflfl11mhfi'ru itJ'111UUt1 itJ 
u 

i'lf'iu QFD 4.12 



.. 
, 0 "" 0 v 

'Ul'H'J.!f) 

..t 
1lflllfl'Hl'l 16.31 

14.45 
r--------------t---li 

fJWfll'W.,Yl1lHl'ltnHntli''lff 12.23 ............ . 
r---------:-------t---l i ! i 

..t ................... .. 12.12 
1-----------t----! i 

w ................ ... 11.44 
,.: ....... : ......... 

! 

__ --+-_4._67-lJ•: .. ! ... ,. 

fll1 1 '111 4.02 
i ...... \ 

1 

r-----.,v-------,_ __ _, i 
..... 

3.15 ••• 

3.12 ••• 
; 

1.95 

I 
I 
I 
I I 
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0 2 4 6 8 10 12 14 16 

"" ,. "" "" o' 4.12 4.11 .. 
en (HOQ) uu fl1lllfflflty 1 cM'tiJuiJ'l 

i u i v1 05 
'I' i .li o "" d _"f ... o ... 
A 'H ffllJ11 ffl.! '\IV 'I "flfll '\I t"lfll'H lJ fl 'Yit lJl.! 11 'l'ltlfflfl WlJlfl .. u 

d i .c!l" 4 Q,l • fltJ 16.31 
C\ I 0 ..t i d I "' d l'l_l _, I _, ... 1 fl 11mu lt m v '1111 'lflm 111 fl1llJfllJfl1fl u nu 'YI" w'H 1 Vt11" 1 fl11lJIJ" .fl v .. . . 

c\ d:: cv v ' 4 .d o i" 9J .ci ... I Q,l '\ltJ'I!fl1tJ'I lJl.! 14.45 

v 
Characteristics) 1tJil flv 
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1) (Technique Requirement) 
" 31 3l .d y Ql d o cv o cv o " o " fl1 N !'VIfi'U fl 'ill f1Ul'U fl Wfll'Vl 'VI t tl.:! U fi111J fflflt\.1 lJ l:IJl! u lJ '\J fl:IJCl'U 11'\J 1 . " .. 

0 QJ Cl d'.d (Data Input) 2 

Q,l 0 QJ " 'J) .o=:t. 2) U fl U lJ lJ fl 1 l:IJ ff 1 fl ty '\J fl.:! fi111J f1 U 'VI H l'U 1 'VI fl 'U fl 

(Technical Importance Weight) 
fV fV "" 'I fV • I ' .d IIJ :¥'I fV ''I • I 'i . f.! "" m'U!'Yifi'Ufl t'UUl'UfJWfll'Vl:IJlUuCl.:!fll'YI t'Uluff!f1Cl 1-5 

fl111l 5 1'UJ111'11 mfli fl.:! iirhJ111'11 'U'U fl111l fflflty 

tr!'U 1.95 1 

rll'U 1w lJ lJ fl ll:IJ fi' l'U!YI flu 

f1fl.:!1Jty, 2550) . 
' 0 Ql 

f11 111 fll fl lJ lJ fl ll:IJ fflfl ty'\J 1 fll! fl 

16.31- 1.95 

5-l 

X 

16.31- 1.95 

5-1 

X 

16.31- 16.31 

5- X 

5 

16.31-14.45 

5- X 

4.89 

ti 1'1i' fltl 111 'U 'Yil \11 'VI flU fl u\>i ff1'U 1fi' 'illf1f1Urll'U 1W ti u 'U u fl ll:IJ fflflty'\Jfl\1 

(IMP) 4.13 



135 

' " c:fi I 0 Q.l o Q.l Y 0 'J} 
VITHUI 4.13 fllhll'l1 hi f1fl11llff1flW'\Jflfll'l1hl11 'Vll\1111'U t 'Yiflhlfl u 

I 0 ..., 

v 0 .... % fllfl:aAUUfl1UJll'lflW'Utl\lfl1UJ v 

v v .... 
Relative 

.,j 
11flltmv'l 16.31 5 

11 "' .,j fl11ll ClV11fW'UV\ItmV\I 14.45 4.89 
, Q,l Ql .::1. 

tJOUnr. 'U 1111 M m·nn v1 \1 ff 12.23 3.86 

i" .,j 'lf\11hi'UV\Itmv'l 12.12 3.83 
.dl .... 

fll'j fff1'11 'IV '\I V\1 11.44 3.64 
d .,j 

fl11llU'U'lUH'UV\ItmV\I 9.64 3.14 
.f • 11 ,, 
'lfhlff1hlff11111fiV11 1:::f1V1J 11 4.67 1.75 

.dl .,j .,j , 
nnfff1'111vthl tfl ClVhl 111 4.02 1.57 

" ' 1 3.60 1.45 
" • • "" "' \11ti\P1Vfll1\P111\P1\I 3.27 1.36 

.,j 
fl11llff1tJ'l1ll'UV\Itmv\l 3.15 1.33 

.,j 
fl 11llffll Cl'UV'l1::: 1J1Jtfl 'IV \I 3.12 1.32 
" "' .,j 0 

hl1'11hlmmv\l 1.95 1 

.d Q.l OQ.IS/0 fJ/ 
1f1\P111 1'l'YI 4.13 fllhl1'11 hi f1 fl11ll ff1flW'UVfll '11hi11'YI1\1111hl t'Yiflhl fl 'VI u 

, 
" 0 ' 4 "· 0 Q.l " V.1J11 11fl1tfl1V\I fl11t1Jhi1VtJCl::: 16.31 fl:::Uhlhlfl11llff1fltyfl11ll\P1V'lfl11 

t't'lfl Ufl 5 f'lmA1 1vi' 'lffV h1Vh1t 111 i <M'11fl1iifl11llt'l1111::: hi A 1111 
... 1 Ql .J. " 0 Q.l , , IJClV11fltJ'UV'l tm V'l fl11 t 1J hi 'IV tJCl::: 14.45 fl::: U hi hi fl 11llff1flWfl 11ll\P1V\Ifl11 'YI1'1111hlt'Yiflhl fl 4.89 u 

o£!t .d 0 i j/9} d ... I Q.l , Q.l Q.l d , f!Vtm V'l'Yihl1111 'lf\P1V\Illfl11lliJCl V11fl tJ UCl:::fltUfllV. '\111'11 Cl 1tJHff fl11tiJhl 1VtJC'l::: 12.32 • 
0 CV j/ , .C::.. .t:!l, J/ Jt I Qld 

fl:::: U hi hi fl11ll ff1fl ty fl11ll \P1 V'l f111 'YI1'1111hl t 'Yifl hi fl 3.86 fl VtJ Wfl1V. 'U 11tll V f-.11 hi f11 1 1 tJ1 'Iff 

Vh1Vh1t111 mii hltnw uCl:::fl:::u hlhl'l1vrhMhi11'YI1\Imfli1fl J 1mTn .. 
tfliV\1 iifi1fl:::Uhlhlfl11llthfl'ru U'vvmn hffl11mhtfruU'vvff11 tr.11:::·:h u 'U u q 

i11un 

" " 11 rl' 111 nu hi h1 '1-11 rh '1-11 11 u nfl 11 mi 1 fl' ty'!1 v fi 111 hl11 n N f1' 1w n i1 
(IMP) 4.13 4.14 
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II' Q,l ... <d 
tJWtll'l't'll111HHflll 11 ltll 3.86 9 

3.83 
9 9 

.. v 
3.64 

9 

3.14 
9 

1.75 9 

!.57 3 9 

1.45 3 9 

1.36 
3 

1.33 
3 

1.32 9 

9 

134.12 123.97 56.16 61.56 29.62 405.43 

33.08 30.57 13.85 15.20 7.30 100 



137 

' ' ..,. f .!'1 <!I II) I I 
m'iH'YI 4.15 t 

Q..l ' 1.1 ' 'i:l::fltl'UfJtlfJ '\] fl1 A Tt'l'lll fJ Movement q 

( Part Characteristics ) (Targets Value) of Target 
Q.l d d I "' "' .! "' t 1 ( mrtmnnmrtnuf-lh! "''rt"1) • • • 

.... "' t 2 f11'H'lfVlJ • 
3 .di ' dd Jt , 

'H"J 
, I 

"' .... ""' "' .... ""' I r-4 , 
"' .... ""' 5 'l 

4.15 l 
dvu 't'lu11 't'lu·h U11'Jfl11tl1'H1Jltl fiv 

fJWill'l"l VilJ11 ll11'Jfl11fJ1'HlJ1tl 

'l"lU11unrtfi11rl1'HlJltl fiv . . 
wu11 unrtfi1 • 

'H 4.14 11l191'1f1cMfll1VVf1UlJ1J 

f-lil191ntuttl 4.15 l 'lflum1 
, , ' 

0 0 Q,l 0 Ql 0 Q.l d 0 Ql 0 Q,l Q,l .c:l 

4.16 

Sl 0 v Cit, Q.l t! .. . ..... 
'1-!l't'I'J.!fl 

33.08 I 
I I .... 

30.57 I • I I , ' ' 
i 111 15.20 

I I "' .... ""' f111 v v f1111JlJ f-lrt \91 fltu 11111 'H 1..11:::: Cl'lJ 13.85 I 
I ,, , 

'l h!fll1GJfV1JU9f1J:Jfhl 'thhl 7.30 

0 5 10 15 20 25 30 35 40 
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d " 
1llfli91111.:JVI 4.16 fl11t1v,n1nn!mnllHhT1ty 

1llfllJlfl tthl'utl YlU':il fiWfll'Yl • 
Q,l .e. .c::::l Q.l :'1 j} Q.l .c::::l :: Q.l :'1 

33.08 • • 
9J I .Jq 4 d QJ .C:. Q 'j) 

30.57 t'l11 15.20 

. " .cl •o Q.l oG.I 'J}o .:::::t.Q.It/ 
VI11'H't1 4.17 

0 .., 

illYIU 

1 

2 

3 

4 

5 

" 

v 0 "" v of I 0 v 
'Utlfll'H'UYifll'ltltlflUUUNil\JIIItl.IC)') % 

Relative v v 

"" v J 
tltlflUUUNil\JIIItl.!Cfl 

33.08 5 

<V 

fl1llJfi.:!VI'U 30.57 4.61 
" . . 

fl11fffl'111U "huliiim1tfliluu i 111 15.20 2.77 

"" <V <leo 
13.85 2.01 

" fl1llJffllJ11tl 7.30 1 

. 
d I Q.l o Ql' j} o 

1llfl191UNVI 4.17 fll'U 1 '11 'U fl fl1llJ fflfl ty'U U fl1 '11 'U fl 11 U U flU lJU 

YlU11 33.08 
q 9 . u 

y y "" y eo "' ... "' • d • 5 t'1f'U VIU tu'U • 

" d " • ... d "" .. .. ='t " '"I t'1f'U tu'UI9l'U 

15.20 

2.77 toM'U fflti'V'll'U 1mmv ltlfl "' . "' " ' 
1 u thu i tlj uiim1 

'!15-:J 11 1mT u 1 mtT flfl1llJthl'iru.fi'mil'l1 u umm uu 
" 

(IMP) 4.17 4.18 
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!"" 
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..t "" " 9111Hfl 4.18 

(lllgmllfl 

" ' 1'11flt111fiW1ll'1) 
5.00 

4.61 .. 
fll'HYfl'H:i6 

fl111flg6'U 1'111 
2.77 

4 o' 
fll'j 

iifl111JI'I11Jl::t1'1J 
2.01 

tn11Jt1'11l11rt 1um1 
' ' 1.00 

'1161Jll'lf1J'If'Ut1'1'U 

!;"" ;z 
·s: 

;;:r 
r 

'\C ;;:r 

'7 s 
qtt; 
;I: ... '7 ,... 
c= i" 

s: G: s: ·s: ,... q(C; ;::) rc ;I: ,... ;;:r 
;I: .. . .,. i" ... ,... "':S: ;;:r ,... c= .- ,... 
c= ;;:r ;:l "a: ;;:r ;:l 

.- 2 ;; '7 2 ,... ,... .. "' r "" s: "' "' ... '7 ... "' r "' ,... » ,... ... c= c= ,... 
;;:r ;::) ;i ;;:r c= .- •• .- ;;:r .. ,... 
;;::! r ;;::! .-
lC •• (i: lC ;;::! !:: lC .. J;::! •• ,... o:; "'ro ,... •• ;;::! .- ;;::! ,... 
;:;;: c= ;:;;: ;::! ,... ;:;;: ;i ;::) '7 ;i ;:: "' s ,... ,... 
r ... ..... r r 
(i: !E (i: r ;:: 

9 9 

3 9 9 

9 3 

9 9 

9 

"' 
a: 
\C" 

.. 
;;:r 

r\C ... ;::> 
c= "' . .., lC 
'7 r ...... ,.. 

s: (i: .. ;; 
S' i" ... f(t; ... ;I: ,... ::::: ;;::! ,... c 

lC ;!: 
;;::! ·r ,... ;s: 
r •• (i: ... •• ;;:: 
!:: ;:: a . .,.. 
;:;;: ;;::! 
G: ;::> •"' r ;::! '"' r r ::::: ;:: c 

9 9 

3 3 

9 9 

r .. :;;; 
'7 

"' i" ;:: ,... 
c:; a 
(i:' 
;;::! 
(i:' 
;:l 
r 
(i: ... r c= 

9 

;:l ,... .,. 
·§ ;:: .,. 
"' i' ... .. ,... 
;;::! ,... 
lC 
;;::! ,... 
r 
(i: •• ;ill 

·;E 

3 

9 

0 
0 

;:l 
qc;: 

c;:;< 

'7 

i' ;:: ,... 
c:; a 
(i:' •• 
;i 
lC •• ,... 
;;::! 
;: 
;::! .... r ;:: 

9 

9 

3 

3 

0 
0 

19.09 58.83 43.02 50.49 94.8 77.92 76.92 24.93 22.83 97.8 566.63 

3.37 10.38 7.60 8.91 16.73 13.75 13.57 4.40 4.02 17.26 100 



(Process Parameters) 

1 fl1ll.J !'Hlll fl111H WfW 

3 

4 

5 

6 

7 

8 

9 

. . . 
<!I "'i 91"' "' lfiHl'l'YI 

i 'W fl11 'U'U 

fl11l.J!'Hl.J i 'W fl11flflflU 'U'U 

"' I fflll11f.'l 
, . 

, t 

fl11 fi1'U fllJ fl W.fll'Yf 'IJ V'l.ij' 11 • • 

'l'ifl'l:l fl11lJ ffllJ11 f.)'IJ u 'l'Yf ,r fl 
'll'W 

10 • 

' fllhJl'HlJUJ 

(Targets Value) 

t d 
fltu'H.fll.l'YI\OI'l fl11l.Jl11ffltJ'Yfl'W . .. 

o II)V • d d 

i 
.j 

l.Jlfl'IJ'W 
.old. Ql Ql' 

fl11flVflU'U'Ulfl1fl'l 
.j 

l.Jlfl'IJ'W 

. ' 
<!I "" i 91 0 

f-h'W fl11 \0111 'W 

m ru cvl v u lJ i' 'U 1 ,r 

OJ' C!l d 0 

f.1 'U l.l fl ru llJ m11 u • • 

140 

Movement 

of Target 

t 

i 

t 
t 

t 
i 

t 
i 
t 

cl • ...\ IIJ • • I I 

4.19 t 

't'l1J'll fl11l.J 't'l'Ul1 ff1l.J11f.'lr-li19l 
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ViU'h trt1fl.:JffllJ1Hl 

fiNl'U l'lllJ ii' • 
Q,l .:::1 J Qt/ 

!M'Ul:iltJCl:;tfltJrtl'lllHYJ 4.18 1lJI'JlflC]ffll:;U1'Uf11) UCl:: 

4.19 fi1tfJ1MlJltJ 
v v • 
0 Q,f 0 Ool 0 Q,l .cS. 0 Q.l 0 Q,l Ql .cS. 

tJ1MtJnrt11lJfflrttu fflrtturt.:JI'll:i"HYJ 4.20 u u 

"' 0 ... " 

rt11lJ!'HlJl::fflJ 1 'U f11)flflflU UU 1 

0 ..., 

'Ul'H'Ufl 

17.26 

16.73 

8.91 

7.60 

4.40 

4.02 

3.37 

0 5 10 15 
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.d 
111fl\9lllHll 4.20 " flU 11 '111 '11\T flfl111l fflfi f\1 hwt m tltH Vi tJU 

C.l .ci:: Ql d 9) 9) 
1l'U1'11'Ufl 17.26 . " " .:!1 .c::::.. 1 I d 0 Q.l .c:!t j) .:!1 I 

'U'U 1\91'\HN !fl ff1'U m 1l'U 1'11'U 'U 'U fl\911 IJ'U 16.73 
4 Ql Ql .QQfj/ OQI 

fl111lff11ll'Hl'Utl-:Jtmtl-:J1lfl1 13.75 \9111lm\911J 

ci 1 Q.l 0 Q,l " 0 j} 
\ill'iH'tl 4.21 fll'U 111'Uflfl111l ff1flf\j'U tl-:!'U tlfl1'11 'U fllll-:1 \911'U fll'l" 

0 <V v 0 v I 0 <V 
0/o 

Relative 
v v 

fl1UJlJI6.:.tfll'i't1HV11U 

1 "' "' 17.26 5 • • 
2 ff1ll u fll'l"tltlfl!! 1u 'U'U 1fl 16.73 4.84 . " .!:I .C:::.. I I 

'U t m v ff1'U I'IW'l 

3 
. 4 I 4 Ql 

fl111ltl\91'11 11m 13.75 3.98 

4 ' "' 13.57 3.93 
, :, " 

ff tl 1J ff'U fll'U WJ" fllll t1 

5 10.38 3.01 

6 t 1 "' ' 'Ufll'l"tltlflUUU '11-:!1tl\>ltlfll'l" 8.91 2.59 

"' . . . 
7 "! "'1 ""' "' 2.21 7.60 

8 " • • 4.40 1.29 

9 "' "' 4.02 1.18 

10 'U fll'l" f.liil'l 3.37 1 

.d Q.l oG.Ii/O 'JI 
4.21 mu 1'11 'Uflfl111l ff1fltu'Utlfl1'11 u 11 u u1u m1 

" 
.dtq 91 0 ' Q.l C\ :'1 , 
l1 t\91111flfll'l"fll'U1W 'W1J11 17.26 • • 

5 tieJ " . 
" . " uu ff1l ff111 u 1'U'U'U ft\91 

v o "' v v .!i 
16.73 'U fll'l" 4.84 fl tl fll'l"tltlflt! 1J1J 
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0 Q.l 4 0 y Ql .. J Q.l 'J} Q.l "J 'jJ 91 d.-:{ d f115 3.93 flVffllJ150'Ull 

"' o' _"f QJ " <!I 4.3.2.3 (Process Planning) fiV 
, o I tl I "J" QJ o'.o!! ""' o' '\IV (Part Characteristics) flV 

(Process Parameter) 

o' C\ d'.db]" tllm fl C)ffl1111 'I UH'U fi1U fill m U 1'U fl11 'U V1 VI l 1llflf11 1 • 
"' o' l C\ d'.c::i .dll)" • C\ tl dt!! 3 H"'t'ltr.'YIU11 

0 QJ "'" QJ , "J" I fl11llfflfltl.J 10 '\IV " 
1) 

. " 
2) . 4 I CV 

3) 

' ..:::. 4) 

5) 

6) 

7) 

8) 
, 

9) 

1 0) 

4.3.2.4 (Production Operations Planning) 
-"f QJ " ""' o' "' " QJ o' tu'Uu111ltl!'\11 flfl (Process Parameter) flfl 

tli]u11 'lllJ (Process Name) 
" . 

IO.u'v itJ 



2 

3 

4 

5 

6 

7 

8 

9 

10 

fll'j fl11JfllJ fltl!fll'Vl 'j '11'11 fll'j t q q 

.Q , fJ) 

q 

v 
fl11 fl11Jfl1lfltufl1'Vl 'lJ 11 q q 

144 

... ... " 

t11m m1 

d 1" a '1 ' ... " 111 'Yl 4.22 t lJ lJ fl1'j U '11 t'l1 lJ 11 lJ U;t 11Jt;t V 'j 'lJ V 

t::::l ... 1" Ji Q.t d"J"''1' 1lfl1111 

tl .d y cv ... "'" fll'l 

1 .I V .I"'.,... d d v ., <I !"! 11J V • 
IJ'W;t1, 2544) 

1) 

2) q q q 
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4) 

5) 

6) 

"" , 8) 
p v p 

8 8 

p • p 
Ql QJ Q.l o 4:1 I I Q.l 

'H Cl'l111fl'W 'W fl11Jf'JlJfl'.i 1'W fn'j t 'H Cl 1'W 'W 

4.22-4.30 • • v 
1tJu 

"" o' (1) V'11'i11Jt\91D'ifl11JfJ1l m m1 
... 

(2) tmD.:JlJD 

(3) t1]m1J1tl 

(4) 'i1tlfll'ifl11Jfl1Jf!Wfl1V'I • • 

... ,J 
'W11UUfl61 1UJHl"lfll1.JfJ1JfJW.fll'W 

- • 
0 

- tl11JfJlJ -
.., "" .., .l 1.n ...... "i" - tl11JfJ1J 1tl 111 '}j' 'H • ... . 

'ff1191f 
.., .., .., 

- VI'Wt1Cl1 
.., , "" , "" , .C:::. y ..c::t I 

'ff11J1'i ti'UD'IlmD.:J 11m - \91 'W VI 'W 'ff 'W fl1 f!WfllV'I'ff'Wtll • • • . . 
I d .., d 0 

.:JlJDlJ\911 .:J\9111Jt1Cl1VI VI 'W \9111J n Cl1 VI fl1 'H 'W 
0 ... "11 1 "' - 'j.:J'ff .. 

, i" d 'U11 
... t\1nmuJ """' "' !fl"l6'11J6 .. 

i "" , .., 
"" d 0 ... 

lJ \91 'i 111 'ff D lJ 'ff 'W fl1 H11ltl • • .. , 
100 



1.1 

flJtnllGG 

f.Lllft£H.lp pB;) OlOV 
"' " lb 

fli.H .. H 
"'""" " " . "' BUUUJl1 Qrtt-QtijJ 

"' .... .-; I;> 

l..t-Ll6 I 

I :r (6 

l!\Ull ft)0'f'5:'1D 'r "" 
- I I 

"' " lb 

" "' " 
-

" " 
-

lb 
ftft11rtl6t-Qf,ijj Gf.lrl. 

... " " " ---
"' 

M.Lumtmtmtijtwrn.t tQI.!Iirtl.tlM. ? 
"' '----· --

sz·t U.Htlli\ ,PI'DtJI' 

001 
" l'b b b b 

... 
"' Blrtl.Ufil Qrtt-QtY1 

"' .... .-; I;> 

lb 
ft1 1 (6 (6 ba Lt 

rtllt-GrrGM1 , ltiwr Of'(, 

m - l .. lll 1,;. l.ltf' o I'D 11)" b 
b b 

-
. "" "' 

b b b 
MllJYtlij F p '="' '=' /1) 

b b b 
-ft1 -- bi6 bf' tr fl) lr' ['(, Lta lllF tr ID o 

1!\nUn!lt tQI!\iiUtLM. ... -,..... ? "' 

trt u.Htlli\ I'D b' 0 

y 

9171 
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' 
4.26 • 

.... J 1fitJi)1ffl 'Wl'Hli!VIfl'l '1U.Ifll'lfl1'lJflllflWill'W q q 

"' ' 
-"' "" - -

1.r1'Wfll'Jf-lill'l 
... ... 

m'Jf-lill'l •• 
"" .A <!I .A ... 

- !mV.:JlJV !mV.:J1lfn !!'j.:J.:J1'W 
0 ... .A ... .A 1""' 1Jl'j .:J'jf)EJ1!fl'jfl.:J1)fl'j l1!'VlU.:J'Vlfl • 

" - "" - 11-:J!lf-I'Wf)Uf-lftl'l 

- u""-- 1" ij1JI'l.:J1'W 
.A 4 

&til't'llllt.l V<V """ !fl'lfl-:Jllfl 

1 " " 
& 

" 0 "' ,.,.. "' "u U1J1J.:j1'W f1Hff'J1-:JI'l'WU1J1J 

1 "' " Hff'\.111 
0 

1l1'W1'W!!H.:j1'W 

' .ct 0 Cl Cl 

Vll'lHtl 4.27 

U1J1J.:j1'W 

tfl1 .:J ffU'W vh 111 

" ' Q.l .c::rt, 4 Ql 

- 'ti'WI'IV'Wf11'Jf-lftl'l Lfi'Jfl.:j1:Jfn 

" -

f)l'jf-lill'l 

-

f)l'jf-lill'l 

<; "' " &Hff'\.111 
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. 
.c:t 0 .:::::.. 

4.28 

... " 1fitJnmi 'i UJfll 'i fll'U fl JJ fl tlUl lrf q q 

... " -
Ql C\.C:::.., 

- -
... " ,, 0 ... "" 

- flWfll'V'l • 
"" 

-

"* 4 
t\:h'HJJU.I 

,.., ... 

iunw o' "" o' ... "" ,.... .... "11 t1fl';itlHJ';i IVI'11JtlJIVI1 f.l11ltl .. .. 
...\ d , " 1 "" , 'i11fl tllu Hff'lll1 

.... " 'i U.l fl11 fl1 'lJ fl JJ fl Will rf q q , " ill <d. cv """', "', i""' - - flWfll'Vl'llldt 1ti'Ut'Yiti'Ufl1J - 'HlJ • • • , 0 4 v "' "' , fJWfll'V'l 
.... "' .,; 

-

"* 4 
ttll'HJ.Jl£1 

,.., .... 

i "'"" o' 1JIVI111lfffl'U t1fl1!'Utl1 """', "', i""' 'HlJ 
,........ v v.,; v 

v "' o' .,; "'11 v 

...\ "' , v 
'H 1fl'Jflfll\Vl 
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. 
d " " - - tfllJ'j11J'j1lJ'ln:JlJCl'il1flrlflfll ., ., 

"' o' CVIHC'l 

4.3 .3 Hr1'\Jfl.:Jfl11ll.W.:J'Yifl l i 1 

4 rvhY 

Q,l Q,l • cv " fJtl.! Cl flfl 1\91'WU1J1J 

l1rl'.:J 'il1mT 'W 1 1 1111 ffflUmmY1'j1'iJ • . 
Ql .!I 'J I d 9/ d 'J 1IJ 9/ d 

&'ii111JlJlfl'WfJ£JL'YI£J.:J 3 (fllflH'W1fl \1.) ., . 
1 9/ "" I 91_( 1 d 9/ 0 

flfl Hff'\111 \11'W1'W 10 

HC'lfll'jffl'j1\Jfll'j tm£JUtn£Jmllm l 'il 
W\9ll'W1 4.31 
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4.31 'l 
'l 1 o5 ntJum1'Wmu1 ut1:::: 

(Customer Requirements) 

"' d I. lJfl1llJU'II'IIl':i'l 4.68 

4.57 

4.37 

4.20 

"' "' 5. 1fffJl.lfl1llJl'l'll.ll::fflJ 3.52 

3.73 

3.99 
Q,l jl .c:t 

8. 'lflrUWf1'1111ffl':i'Yil'l'll.ll::ffl.l 3.15 

9. 3.50 

fl11l.lff::mn oQ. " rl d 10. 3.22 

ffl(J'I'll'U 

...; " 11. lflfttl'U61Uff::rnn 3.32 

3.35 

3.21 

3.95 

15. iimll.l'YI'U'Yilu 3.66 

3.76 

' I .c( 

fllA'iHitl 

4.78 

4.67 

4.48 

4.37 

4.75 

4.58 

4.58 

4.90 

4.25 

4.35 

4.40 

4.23 

4.28 

4.25 

4.04 

4.46 

+2.13 

+2.18 

+2.51 

+4.54 

+34.94 

+22.78 

+14.78 

+55.55 

+21.42 

+35.09 

+32.53 

+26.26 

+33.33 

+7.59 

+10.38 

+18.61 

150 

4.31 'l 
I05 
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5 -·----.. --··----·--··-·-------·-----------·--··------------------·----·-···-···---------··-····--------------------.. --·--------------.. 
r- r 

It v' r- r- r-
r- r-

1- 1- 1--- 1-!"" t- 1- 1--- t- 1-- 1--- 1-rr 1:> ' 
4 

fr 17: ; I· 2 

It 1-'i· 
.; _r.c 1-0 I-I; 1-}' l-IT 1- - 1-f'i - 1-[j f.;: 

r' 
l I'; li !' 

I li l·i __ I. t-tt r- - 1- 1- 1- 1-· 1-:• I-- 1- f- 1--li• 
1:1 -. 

!1' 
i-1:- .. f4 '-- - 1- 1- -· - 1- 1-;\ 1-;:; r.o; 

; ... , •" lkl 
!•:1 IV < f;j h' f; f:·· t's [!' .. 

2 

1 

0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

4.10 fil'Hm f.llJtnf.lmhm 1 1 

1 u v 105 

' " fll'Wn 4.10 1 1 

V'llJ':h 4.78 V'llJ111'ff1liifl11lJ!'I1lJ1:;fflJ • • • 
' ' ' d.l d. " 1 Q.l " d. lJf11m 'lf.JlJ1f1'Vl"J'fl 4. 75 U'l:;\911'W fl11lJff:;\911tlfflJ1f.J V'llJ11 191:; U f1Hfl\9llWtl'll11ffl1'Vl!'11lJ1:; fflJ 
' ' ' 

4.90 V'llJ11 
' 

"" 0 "' lJ1f1'Vl"J'fl 4.28 \911lJ'l1\9llJ 

'J) v ..li ?1 4 d v "' ? 1 ... ... v 1IJ v • v a d .. 
f11'j tlfll 9f L 1J t.l 'i;l t'j f1 fl1 1 tiJ 'W Vt.l \9llJ\91 t.l "1 ! \9l U f1 \91 f111 L fl'j 11lJ 

d 0 ... 'I • 1'1_ I 'I 'JI 'JI ... "" d "" 'I v... 'I 'J/<1 'JI ff1'111lJ !t.lf111t.l1 !lJ \911t.11ff\9l flV !'l11ff\9l !'11lJfl11lJ!'I1lJ1:;'i;llJ\911t.l • • 
fl111Jff:;fl1n fiv t1 11 1 -M'191:;um 1 -M'd111 i'lJf111ftfltWtl 

v v 'I v "" "" " v o .. v 11) v_ r= a o 'I v tm:;\911t.lfi11 !'11'11'1..1 flV fl11t'lVf1 !'11ff1f.JV'l1t.l'll!'lf.J'I'll11 !fliJ'ilJlWlJltl !'11 
ll) 'J) "' "" 'JI d ... ! \91 '11 1 V'll1 1'VllJ 1 t.1 1'W lJltl 

4.3.4 nnrhu 1w 1111Vf u 'VIU m1 -:Jffflt.tvh1t 1\91 tflmh1i f1 • 
1 105 

'VI t.1 f111 'I 1 t.1 'li'11'llld • 
.et ' Q,l' .:::1 .c::S. i " ... I o' g) Q,l J'.:!! f!VtllJ:;'lf.Jt.I'Vl'if.J 105 f1Vt.lfi11V'l\PJJ'W1 lJ11f.J'l:;tvf.J\PI !tlHff1Ht!'l:;fJIJf11W \PI1t.lt'Vlfl'Wfl \PI'It.lflV 
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d v "" o' o' <!! "" 4.3.4.1 'lfflfi1'1Jf111'fl1111! ';i 1';i V'IJ'IIV.n::aJ'IJ fflfJ'YHW fl1fJ';i 'IJ 'IJ V'U!JV'Hfl tl';i rW 11 • • 
IIJV.oi _I., d o ., o "" V '} V co o' 
l 1!l'ltJIJ';j'IJf1111l!';i 1';i V'IJ'Utl.:J 'IJ fflfJl'll'U ff111 ';i'IJC'I l!C'I fJ.:J'Ul 1ffl ';j & fl fJfi1'1Jfl11fl 'IJ 'IJ v 'Ut\91 v ';j • 

o- so t'i4v 

4.3.4.2 'lffl ij tll111'U ffm !f)ftfJ1 tJ r 'IJ';j i'Ufl 1111 ff l'Utl.:J l1 "tlfl i '11'rlm f'IJ q q qJ '\1 

., 
4.3.4.3 'lfflfi1'1Jfi11Vtul1 fllJU 'J1'ffll1 f'IJtJf 'Ui.:J l1 fliJ1 t1' q q q cu q qJ 

" ' d .d 'J) \91-:JU\91 0 - 399 fl.:Jfl'Wlf"!C)ffJff \9ll11'Yl\9lfl.:Jf11';i 

4.3.4.4 'HIJ iJ MiJ iJ 'IIV.:J 

'11" flfl fl'UVhlt Hl t'i4Vfi1'1Jf111fltu '11 '11 fliJhfvdi 'U fl.:Jf11';i .:Jtf lfltu l1 fllJ!fl'U 
q q cu q cu 'V q cu 

o' I IIJ V 1IJ V I 4.3.4.5 tfl tfl!!f) 

1) tfliif11';i'lf11fl '111V 

!fffJ 'HlfJ 

2) 'ljfl'HC'!Vf!UhlvJnt';ifl 'l1'rl111f 'IJl11fJf .:Jffi u f11';j i 11 
fhi'flu11"-:J i u'li'11ffl';j tf1mw m1vf!uuvJ';ilt';ifl tfffJ M1v'lf11f1 

"'i"o Q,l o d Y ... 1 3) 'ljflfflfJ'Vn'U flfl 'lfffll1';i'IJC'Il!C'IfJ.:J'U11ffl';i ., . . 
. fflfJl'll'U (Roller) unutl'l"l 11'1vCJiv11uctf11 

4) tJf'IJ';j l'IIV.:JMC'I Vfl '11'rl1r1f 'IJtJ f'IJ 

4.3.4.6 'ljflf)';i1fJ(llfl';jtJ.:Jf'IJ'Ii'11ffl';j icN';jv.:Jfu'li'11 tJf'IJfi1111'11'Ul'li'l1 

v .,j <!! • i v .,j v ... _I "" I Ql 

4.3.4.7 mHC'IV'U fltl'Yll 'l1f11';i!fi"V'UfJlfJ 11fl1111fi"V.:J\9l1 ffllll';itl 



4 x 8 'H'Ul2 11:u. 
d .f 

1 X 1 'U1 
d I 

L'HMf1Cl6\l 1 X 1 'U1 
d .f 

L'HClfil'VH'Il'Ul1 0 Y, 'U1 X 6 llJfl:i 

0 15 'lf.ll. 

"' .f ffltl'Vil'UU1J'Uf111\l 3 'U1 

" .f lq!!Cltl 0 12 'U1 

" .f lq!ICIU 0 2 'U1 

fflU1W VCT 2 x 1.5 

fflV1W VCT 2 x 2.5 

" lJ6lfltl':i l/2 HP (Mitsubishi) 

" lJ61fl6:i 1 HP (Mitsubishi) 

"' " 1 : 40 

150 'lfll. 

1 ml'U 
1 

4td''U 

5 lllfl:i 

6LlJfl:i 

153 

' ' 'lltllfl6'H'Ultl (1JlYI) 'lllJ (1Jl't1) 

2,300 9,200 

750 4,500 

850 1,700 

900 900 

1,250 1,250 

2,100 2,100 

25,000 25,000 

250 1,500 

345 1,380 

750 1,500 

350 700 

250 2,500 

450 1,800 

7,500 15,000 

8,500 8,500 

150 750 

12,000 12,000 

95 570 

120 720 

250 250 

120 120 

14,500 14,500 

17,500 17,500 

9,500 9,500 

2,500 2,500 

120 360 

6,500 

142,800 
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,J 0 " " Qld 'il1fl\PIU N'YI 4.32 fll'Hll'U 1W '111\Pl'U l'J'U 'IJ'IJ !tl 'Hl·Hlli:.IH 'ff 

to5 

142,800 'Ul'YI 

4.3.5 mn-hu 1ru 1111'i'u l'J'W l! 11:.1i' ffvuvh 11 

' ' 1lfllA6l1'U'lr.J (1Jl't1) 1lll (Ul'tl) 

4 X 8 rl'11l1'Ul 2 1J1J. . 4ufiu 2,300 9,200 
d .£ 

I X I 'U'l 6 750 4,500 
d I .,: 

1'HC1flflf1f}.:j I X I tJ1 2 850 I,700 
d .£ 

Ll1Cifli'WC1l'll11 0 I tJ'l X 6 11J'11'l' 2,800 2,800 
d .£ 

1'HC1fli'WC1l'IJ11 0 Y, 'U'l X 6 11J'll:i I 900 900 
I d 

'YifJl'HCifl 0 15 'lf1J. I50 'lf1J. 1,250 1,250 

2,100 2,100 

25,000 25,000 

" .£ fflti'Wl'UIIlJtJfl'll.:j 3 'U1 6L1J'11'l' 250 1,500 

345 1,380 
.. .£ 

J,!LCIV 0 12 tJ1 750 1,500 
.. .£ 

J,!LCIV 0 2 tJ1 350 700 

10 '11rl'1J 250 2,500 

450 1,800 

7,500 15,000 

8,500 8,500 

5 11J'11'l' 150 750 

12,000 12,000 

l:l'1V1fl VCT 2 x 1.5 95 570 

f1'1V1fl VCT 2 x 2.5 6 11J'11'l' 120 720 

250 250 

120 120 

" 1JfJL'11fJ'l' 112 HP (Mitsubishi) 14,500 I4,500 



lu <!I .., .. 
1ll'U1'U fll1a"I'J11'HnfltJflll 

.I.e., 
fl'U11flmHmJf1'1fU'lf (Mitsubishi) Ui1 
IQI . . 

" 1 HP (Mitsubishi) 1 i1 

"' " 1 : 40 1 
Jl 

"' 1 

" 'l,J'lfff 3 

-
IQJ .c9,QI..::t, 

162,600 1J1l'l 

. 
"' 4.33 

. . 
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I I 
,lfllflfl11'U1tl (lll'YI) nll (lllYI) 

17,000 17,000 

(lll'Yl) ':i11J ('Ul'Yl) 

17,500 17,500 

9,500 9,500 

2,500 2,500 

120 360 

- 6,500 

162,600 

'tJ'U nn 1vi' >lffvuvh1t:i\91 

1 l'11 v 105 t42,soo 'IJ1l'l 1 

rvhti'U 162,600 . 'U1l'l 1vi' >3ffvuvh1t:il91 

u11M 1 tf 10s >ln11 19,8oo 'U1l'l 
q 

"' d"' _ 1d _ 1 d. ,I " ..9 " d. ,I "' 1 ""' d d fll:i f.lrl fll'llJfll:i t IJC'I V'U U IJ 11'11\J 13.86 C]f-3191\J 'YIU 'IJ>lU H 

' . 
-· ca. v 4 QJ .ct.::. ..... 1 4 0 Q.l 4.4 

4.4.1 

fl11U UflU 'IJ 'IJ fll:il'l\91 r1 tl 1vi' -3 ffV 'U'Yh 1! 1 fit -vl Ufl1 'lJ '1111'11 11191 U fl'11 U 1J 

" . . 
54 fli'-3 'IJU>lfll:il'l\9lriU>l 40 i1 'l111ff11 5 GM>lth q 
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4.34 Minitab Release 14 

0 0 
' Q.l if. Q.l "Un.J "Un.J ;J;UJ 

I 
T (C") flll'tlfltHH fll'itltl H(cm.) Th (em.) s (Hz.) Percentage(%) .. 

1 52 85 15 1.0 27.5 100 

2 44 60 15 1.5 5.0 15 

3 50 85 10 1.5 27.5 85 

4 48 85 10 0.5 27.5 100 

5 19 60 15 1.0 50 5 

6 39 110 15 1.5 27.5 90 

7 15 85 10 1.0 50 90 

8 34 85 15 0.5 50 92.5 

9 43 . 85 20 1.0 50 90 

10 33 85 15 1.5 5.0 100 

11 40 85 10 1.0 5.0 100 

12 8 85 15 1.5 50 87.5 

8 34 85 15 0.5 50 92.5 
; 

9 43 85 20 1.0 50 90 

10 33 85 15 1.5 5.0 100 

11 40 85 10 1.0 5.0 100 

12 8 85 15 1.5 50 87.5 

13 5 85 15 0.5 5.0 100 

14 28 60 10 1.0 27.5 17.5 

15 21 85 10 0.5 27.5 100 

16 31 110 20 1.0 27.5 97.5 

17 53 85 15 1.0 27.5 100 

18 7 85 15 0.5 50 92.5 

19 9 60 15 0.5 27.5 20 

20 36 60 15 0.5 27.5 20 

21 38 60 15 1.5 27.5 12.5 
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' 
"" A I ' fll'l'Hfl 4.34 Minitab Release 14 

"' 
0 v 0 v 

' Q.l u Q.l '11V11J '11VI1J fll'l'::V11J '\HUJ 
I 

T(C") fll'IfiVI'ltN H (em.) Th (em.) s (Hz.) Percentage(%) .. 
22 16 85 20 1.0 50 90 

23 6 85 15 1.5 5.0 100 

24 25 85 15 1.0 27.5 100 

25 11 60 15 1.5 27.5 12.5 

26 51 85 20 1.5 27.5 90 

27 18 110 15 1.0 5.0 100 

28 4 110 20 1.0 27.5 97.5 

29 23 85 10 1.5 27.5 90 

30 45 110 15 1.0 5.0 100 

31 46 60 15 1.0 50 5 

32 54 85 15 1.0 27.5 100 

33 35 85 15 1.5 50 87.5 

34 12 110 15 1.5 27.5 90 

35 29 110 10 1.0 27.5 100 

36 27 85 15 1.0 27.5 100 

37 41 85 20 1.0 5.0 100 

38 32 85 15 0.5 5.0 100 

39 42 85 10 1.0 50 90 

40 14 85 20 1.0 5.0 97.5 

41 47 110 15 1.0 50 92.5 

42 37 110 15 0.5 27.5 100 

43 22 85 20 0.5 27.5 100 

44 20 110 15 1.0 50 92.5 

45 2 110 10 1.0 27.5 100 

46 24 85 20 1.5 27.5 90 

47 30 60 20 1.0 27.5 17.5 
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. 
-1 ' Vll'iHfl 4.34 Minitab Release 14 (VIV) "' . 

0 .., 0 v t CLI if CV ililtl 

' T (C") H(cm.) Th (em.) s (Hz.) Percentage (%) 

48 49 85 20 0.5 27.5 100 

49 1 60 10 1.0 27.5 17.5 

50 10 110 15 0.5 27.5 100 

51 17 60 15 1.0 5.0 15 

52 13 85 10 1.0 5.0 100 

53 26 85 15 1.0 27.5 100 

54 3 60 20 1.0 27.5 17.5 

d.Q tl tl .o=to " d .Q , fJ} l:S d. 
'lUJ1fltl119J: fi111Jfltlhltdtl'J!VIV'J 5 1g'J'b' 100 1CJfh!V111JVI'J 'b'tdlll 10 hlll'J 29 1hlll'J 

tl fl -Cl tl d Cl , " do -Cl .c:::J. 
fi111Jfltlhltdtl'J1VIV'J 27.5 1g1'b' 100 1CJfhiV111JVI'J 'b'tdlll 1 hlll'l 33 1hlll'J 

'J) d ..,. 'J) d ..,. ...... " " """ 'IJ11ffl1 15 1CJfhiVI11JVI'J fi111Jl1hll'IJV.:J'IJ11ffl'J 11CJfhiV111JVI'J fi111Jflt'JW1fl11VIV'J 27.5 tg'J')j' 
d ..,. ., i'J) .. .. .... .. ' .K IIJ'JJ 

100 1CJfhiV111JVI'J &VIfl 'b'tdlllmllfl 1 hlll'J 33 1hlll'J ffl1Jl'Jfl'b'1fll!VIfi111J'b'hll!VIll.:J &VI 
0 ... , d 'J) , 'J) 'J) ., .. 'J) liJ ' .... .. .Jr ., " 

fll'ilVIUlJll.:J hi11JllVI'IJ11ffl'J VI 100 &VIfl'YlfJWfll'W'IJ11 &1J1flVIf1111fftll1lfl hltflWCVI 

:IJl\911 

'J) ... d "' 0 .. .,j "1-1... 'J) ., 
&'Hblll.:J'illflfflti'Wlhllll!lltl\1 1'WV &flfl 

i tllJ 1 
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6 
Optimizdtion 

• ....: I• • 
Optimal T (C) H (em.) Th (em.) s (Hz.) Hi 110.0 20.0 1.50 50.0 D Cur [85. OJ [15.0] [1.0] [27.50] 1.0000 Lo 60.0 10.0 0.50 5.0 

17 "-Percent -Max1mum 
y = 100.0000 

d = 1.0000 

I .d_ ..,; al , .. , 0 .. 

11lJ11l1119J : (Composite Desirability : D) fllfl11lJ1H 

o - 1 D i:ithrrhriu 1 

"" """"A •'I"" "" o,A..,. .?..f 'to dcv "IIJ" 1 'Wll'J 33 1'W11'1 &'11'1.1fllq!'Cl11fl1111'W11'tffltnl111fltl-:J'I.I'W &fltl1'11fll'Hfl1J'Ifl'l:l1'1.111 n W 

, I ocv, , IIJ", 
-:J1-:J'1.111 'V'I1J11 'Cl'11111tlfl11lfl fl1-:J-:J1-:J'I.I11 (Rice Weevil) 100 

SJ ct J ' v Q.l .::fC\ .... 1 4.5.1 105 

4.5.1.1 f.}tl.!.fll'V'11'11-:Jfl1tl.fll'V'I (Physical Quality) t'lfu 'I.I'Wlflltlil-:J 
d , cv 

111'Clfl lu'Wfl'W 

Q.l d 4 Q.l d ... 1 1) 'Wl'I1'Wfl111'Clfl (Grain Weight) fj11ltll'Clflfl 

100 3 flf-:J 
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J IU d j} 
4.35 

" 
0 "" "" 'IHt'i'Wfl (fl'UJ) 

• • ., ' 'if ' v.:t vel cv.ct 
fl'H'tll fl'J'I'tl 2 fl'J.:.J'tl 3 "" (fl'UI) "" (fl'UJ) 

1.93 1.90 1.89 5.72 I 3 1.90 

1.90 1.88 1.88 5.66 I 3 1.88 . 
I <:1 

0.02 

. , 
4.35 

1.90 ni'1.1 1.88 ni'1.1 

0.02 fli'l.l 
... , 

.11 ci ,......., "'' 1" I ci 2) (Grain Dimension) 

,j'l1ffl'J 1il'W1'W 100 
ci, 'liJ" um 4 

. "" tl' d" 0 Q.l Jl , Pll'JH'tl 4.36 fi'Jl.lfll'J'IJ11) 

' .. ., I .. ., ., tJ .. tllftA,TJi;Tl'Hlfltl tllftfi,TJl;T11'Hft'l 1 fi11CJUA .. ., 
Uli111§1UIJJDAnJ (llll.) "'"' (%) (%) tlltl1'ii;T 

eu't'hlt1A (tUaVI) (tllaVI) 
, c:f r. 
,111:1JllfW11W I (>7.50 l.I:IJ.) 73 73 75 75 
, d t 
,111:1JllfW11W 2 (6.61 - 7.00 :1.1:1.1.) 18 18 16 16 
"' d :. 3 (6.20- 6.60 :1.1:1.1.) 3 3 4 4 
jl d :. 

(< 6.20 :1.1:1.1.) 6 6 5 5 

l1:1J 100 100 100 100 

4.36 
"' 

' GJ.d..<:::iio " d t ,c:,. .q d" " d 1 (>7.50 73 , 
iu 2 (6.61-7.00 18 
, ci ..,.., , ci 

1 (>7.50 75 2 (6.61-
.., "' .., " o ... .Jz ci " d, 'liJ , d , ., 

7.00 16 G)f-:Jtl.ICI"'IJ11Yl " tl.l 'Jl.llfl'Wfl 
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" ... ... ,y" "' ,dy 3) f1Vfj11HJ 'lffH'!Vn"fl11lJ'tll1t111V Minolta 
" 300 5 200 ni'll • 

.,; " VI11H't1 4.37 

,., 
fl1UI'U11'UM'U11i.l11 

" ' v 4C(.Q, 'U11i.l110ei'U'ilU.I1-:Ji.Yel'U 'llA'lVI 
v v Q.l q.Q, ri 

'llA'lVI 

p·es - - - - ------2M10D 11:03 P00 2M100 11:95 <n= 5) 2M10D 11:04 <n= 5) 2M10D 11 Ht6 
L 73.22 a +3.37 b +6.27 MliX 
MIN L 74.43 a +3.63 b +7.09 
L 58.32 a +2.76 b +4.60 M1N 
MERN L 71.25 a +3. 8:6 b +4. 55 
L 69.27 "'3.19 b +5.57 MEliN 
SD L 72.87 a +3.40 b +6.09 

a 1.24 b 0.77 SD 
L 1.50 a 0.22 b 8.93 

.d I Q.l 9} o 
1llf11911H:J'YI 4.37 1ll'U1'U 5 flH 

200 ni'11 YI1Jl1 

" Q.l' I Ql 

191111 ff"ff1'U 

-fi'11ff1HiV'Ullltli' . 
- (L) " 69.27 

. 
I Q 

- (L) " 72.87 

" 3.19 "" .d - tlll'ltl (a+) 

" 6.09 

d, I Ql .ct. C\ ,._.I 'J/ 'J) .::::1 il!( I Q.1 Q 

72.87 3.19 t'VIlJ'ti'U 3.40 
"" • .1 91 91 y 11J liJY .d 5.57t'VIll'ti'U 6.09 ii' &li 

hmmTn 

4) 

10 1ll'U1'U 5 .. . 
111n -fi'11ffn11 ci'-:lllltti' -:lii'1liYI1Jf111HIPlf1M n i" 

4.5.1.2 (Chemical Quality) 

fltufll'VI'Yil\ltflii t'!i'U mmm • 
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.l 1-1 .,. IIJ "' .,j i 31 "1 IIJ :'1 31 1 d 1IJ 31 "" "i fl1ll.J'lfW IJl\91'\.J t'Ul.J'W Wfl tl HJl 1J HHfll\91 !IJ'W\91'\.J fltiNrl't'l 'W 

'"'fJ tJ i)1J11 flll 

(Type of Rice) 

1Jl911jj'TU.u'11'1.111 

JJdl105
1 

.u'11ffl'.i 

I "'"' flfl'WlllVHff 

u u vh m fl 
31 

'1.111ffl'.i 

"' "'.,. lHHlllUHff 

u u vh m fl 
31 d 

(Protein) 

(nj'tt) 

6.3-7.1 

7.70 

8.44 

+9.6 

(Crude Fat) 

(nj'tt) 

0.3-0.5 

0.41 

0.24 

-41.46 

(Crude 

Fiber) 

0.2-0.5 

0.38 

0.28 

- 63.15 

v 
101 

(Ash) 

(nj'tt) 

0.3-0.8 

0.64 

0.37 

-42.18 

1 dd iii 31 1il 31 "" : Juliano, B.O. 1985 t'lffl't'll.Jl 11\}fl\91fl.:J 11! 105 

77-89 

78.96 

80.67 

+2.16 

d • F.! "· I .,. 31 I 'illfl\91lll.:J't1 4.38 flll t 1J l t11J fl.:JfliJ l 't'll.:J tfll.J'U fl.:Jf.)Wfll'Y'I'Ul1f1fl'W 

'V'11J'h iv1t1'1 iirhflvium\91Hl'W .. ... 

1.1 .,. .M d " I, "' d 31 .,. "" IIJ ""' ,1 IJl\91'W1'Y'Il.J'U'W!rlf1'Wfltl U\91 tflfl.:J'W 

1) 6.3-7.1 flfl 
cv Q,l Q.l .ct. A ' Q,l' ',. ... I .ct ,J., .I Q.l ..c:), :'I 'j} 7.70 ml.l 'Hrl.:JfllH!lttl.:Jffl.Jfll 8.44 mJJ U\91tiJ'.i91'Wt'Y'Il.J'U'W 0.74 ml.J 9.6 

2) i'UlTu 0.3-0.5 0.41 
" 

0.24 0.17 41.46 

3) tgfl 0.2- o.s .:Jffiirh 0.38 
" 

0.14 0.10 63.15 
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4) tti'l 0.3-0.8 nf11 0.64 nf11 
"' 

Q.1 Q.l ..::::1 I cv ' " Q.l 4 " 0.37 flllJ 0.27 flllJ 42.18 

5) 77-89 nf11 
"' 

til 78.96 nf11 80.67 nf11 1.71 nf11 
'JI 2.16 

4.5.1.3 (Cooking Rice Quality) t'lf'I.J mllltu 

oil1mr (Apparent Amylose) (Gel Consistency) 

"J'fl (Elongation Ratio) (Aroma) 

1) mlllfiWlJtfl'f1' (Apparent Amylose) 

4.39 mlJltutllJtflff (Apparent Amylose) 

II 
mmwtliilou 

I .., ... .., .., ... 
1111 OtlU1lU.I1-3ll' 110-:J'illU'Hll' 

II (18[.10::) II (18[.10::) 

,rl1tJin Clff9h 5- 19 7.28 8.86 

20- 25 - -
'JI "'i • 'JI 
'IJ11tllJ lJlflfl111tltJrl:: 25 - -

. 
d " ' Q.l .ct. .:::1 .. r: .o!Q,. " 4.39 lJu1lJltu6lJ tflff 7.28 

'WU11 iimllltutllJtflff 8.86 .u'noiJt 

mv1 flff 

2) (Gel Consistency) 

..i Ql 

\!111H'n 4.40 (Gel Consistency) 

.., TI (lJlJ.) 
Sl t uel SJ U IV «:f. 
'IJ11fl6U1llfJ''Hll' (lJlJ.) 'IJ11110-31ll[J1'1ll'(lJlJ.) . 

d 
(Hard) 26-40 - -

Ul'\.lflr!N (Medium) 41-60 41 42 

Vt!'\.1 (Soft) 61 - 100 - -
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'i1ltfl-3ffijfi111Jfi-3,)1'\JU·Wil-3 fffl i11"rvhti'1J 42 . ... 
i 1 

Q,l .4 Q,l " 3) (Elongation Ratio) 

Q,l jJ 
fll'HUl 4.41 (Elongation Ratio) 

v .. 
'lin 20 nJnVJ ' ... .ct fltl'Uillf.l"Htr 0nJ.) 

... <V<Ot 
(till.) 

1.62 1.63 

Ql.::t,t:.tcv 4 cv 'J) dl ..J 
Hff 1Jtl\Pl)lfll)ti\PIIPI1'\JfH'\Jl1fffl 1.63 lJlJ. lJfllt'YllJ'\Jt.l 0.01 . . 

4) (Aroma) 
,. ,.,. ,, .. "" 'Y11Plfftl1J 'lflflWCVJfll'j l'l1fi::Ut.lt.lfi111J'I1tl1J (Aroma 

t 'J/ I I 

Score) 1i1t.11t.1 10 flr-3 

cl fl Gt j/ _.J. I QJ 

4.42 lflWCVJfll'j l (Aroma Score) fltlt.l'i1lt1Hfftlt.llhli)\Pl 

.. 
0 ... 

1 2 3 4 5 6 7 8 9 10 
tl 

1llllflWGfl fl11UUDNO 

' <V.ct 
fltl'UillfJHtr tlllll't'itltl . 

.ct 
lilOf.l 

"' 3 1'J , "" 3 3 3 3 3 3 2 3 3 2.9 I , 
'jt)tJ":: 100 

.d fl 'J) .d. 
\llfl\Pll)H'YI 4.42 tflWCVJfln1'11fi::UtJt.lfl"t.l'l1tllJ (Aroma Score) 
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1 2345678 9 10 

323323333 3 2.8 

d " 1 'JI 'il1fll'l1'HH1 4.43 (Aroma Score) 

ff1U ·:h .U11ff11n U'W u 1 cl til vh 11Hl 'W 11 Ul.J 

4.5.2 .. 
'JI 'JI """" "' " 'l o i ""' 105 PE 

1 i1le1ni'll 3 
, ' 

3 6 
0 " 'J) I Q.l Q.l 4 .oC:l .. J , I 4 0 Q.l 

4.5.2.1 .U11ffm'V'fun9ltiuumv1 

" 1::u::r.nn fl'l.l) movu:::m'HJ'l.lnnn 
0 IS 30 4S 60 7S 90 lOS 120 13S ISO 16S 180 

1. No. 1 0 0 8 35 32 24 45 38 55 38 19 79 165 

2. No.2 0 2 7 25 45 16 129 24 42 25 35 65 228 

3. No.3 0 3 6 19 37 45 142 29 39 45 24 46 280 
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4.44 

(PE) 1u 6 J:-m 

lJ'j 1 'iliOivnn vu VllJ -:htrlvtnlJt 1Ju nm 15 1u 'il di U1J'l'lu • 
• I i "" 1 "" dd .!{ d ?t "" - F- "" I u muvvmu t1JVtfllJtlJ'U!1m 45 1u 

"':It "'' "'d"' "' tfllJllJ'Utd'll'Ul'U'U'U 'H'l'l'illfl!fllJ 6 

165191'1 228 1'11 280 1'11 • ., 
VVl'll 'j nm1J fll'j tnlJ i 'U 11iff11Jl'J f:lti'mi'l fll'j 

" ' d.,. """'i .I "' ol llJ "' "" "" "" 1 i 'U 
"" 1 ..:::t. .c::S.el 4 ..::! 1 Ql 0 0 1 " Vl'l!{)'Yl'l'U 'VIl 'H 

111 4.12 

ClldQI jJ 91 
'II. 

' ... "' "' ' " " "' "' "' " " .fl1Vft1 4.13 
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f111'W1JU1Hl 1 'W .u'11ff11 'W flfl 'Olfl i' 
"""'} V <V "1"" o :: .F- ') I 1""" C> lf C> &flflUCI1 & 1Wflfl tJ 

• 
4.15 
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4.45 (\9i1) (PE) 

180 1u 11'1fl 6 

lll'VU:;m·HJ-tlna-n 1::rJ::no1 ('lOU) 

0 15 30 45 60 75 90 105 120 135 150 165 180 

1. 1wihtrYiflu No. 1 0 0 0 0 2 0 0 0 0 0 0 0 3 

2. Q-31wi;taiiflu No.2 0 0 0 0 0 0 0 I 0 0 0 2 0 

3. No. 3 0 0 0 0 0 0 0 0 0 0 0 0 2 

4.45 

(PE) 180 1u 11'1fl 6 
I .q Ql I 1 4 d :II Q.l "' 1-=5 Q.l 

't'I1J11 U.Jflttl1JtuUl1Cll 15 1\.l 

trlfl!01Jttlunm 45 1u 

trlv 1 

ld I "'! "' d "' , Y ,f I "" f ,..j "'! f "'- Y l.Jltl t'Utll'Htl1J'Jtllll 6 
' " 0 Q.l Q.l • Ql Ql d, 

-:J'H'\111 'ill'U1U 3 0 2 4.16 
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..:::. tl d' .t!l 0 .11:!1 ..cY, 
f11'J11fl'i1:: l1 lVHltll'W 1W l11'J:: tl::11'l1fi'W l'J'W '\Jtl 'llfl'itl'lllltl 

i' hJml'1 11::1Pl'tJ'l 1 <M''J::tJ:: 
I li'J I .di "J 31 ,t:!t 1 .c:t. <V lfl t/ fj) Jt .c::l ,., e:l 

11'l11'Yl1 &l1'J f:l'l1l:: ( t'W1J'ltl 1Wl.Jlf-W'W, 2549) CJf'll.I'\Jtll.J'l'Yl . 
" 1cMlum'Jfi1tJ1W i'IUfltJ 

" dd , '\.1 tllJ'l 'Yllfl ti1'\Jtl'l 

= 40 iw1'u 
Q.l Ql Q.l ..!1 

= 40 X 26 
Q,l 4 .c:t.1 ....... 

= 1,040 l1'Jfl 1,040,000 f) 

= 14,500 1J1'Yl/itJ 
I 

- tll'\.111 (1) .... ... .... 

= 1,040 X 14,500 
... 

= 15,080,000 

- (2) = 20,000 

- fl1il"llhtflitl'lllltli''li1 (Fl) = (2.90 kw. x 4.70 1Jl'Yl = 13.63 1Jl'Yl/'li'1ll.l'l) 

I :' 

- fll'Wl (F2) 

- 'Jlfll'tlltl (P) 

- (Zl) 

-

d 
- (F) 

- IPl'ulJuffumh (V) 

= (19 tflifl'l X 13.63 1Jl'Yl/'li'1ll.J'l X 8 'li'1ll.J'l X 26ltJ) 
... 

= 53,866 1Jl'YlMlfltJ 

= 180 

= 18 1Jl'Yl/fll'lflll.J 
cv a 41!1 Cll .... "' 

= 1,040 l1'Jfl 1,040,000 f) 

= 18 1Jl'Yl/fll'lfli'l.J X 1,040,000 
... 

= 18,720,000 1Jl'Y1Mlfl'W 

= (Fl) + (F2) 

= 53,866 + 180 
... 

= 54,046 

= (1) + (2) 

Z1 

15,080,000 + 20,000 

1,040,000 



" N* • • • F 

P-V 

54,046 

18- 14.51 

= 15.48 

4.6.1.2 (Pay Back Period) 
'J) .dd " 'IJVl.Jlll'ltfW1'1JV'i ., 

- = 6 % 
" Jt Qlt:l 4 - (19 tfl'l'V\1 X 162,600 1Jll'l) 

- (Z) 

- (V) 

I "' = 0.5 % 

= 3,089,400 1Jll'l 
Cl,. Ql 4 

= 1,040,000 fl 

= 14.511Jll'llnlnni'l.J 

- (1,040,000 x 18 1Jll'I/01llfli'l.J)= 18,720,000 
" d - (Cl) ... 

= 54,046 

170 

- (C2) 

- fll11 (A) 

1,040,000 X 14.51 

18,720,000- ( C1 + C2) 

= 18,720,000- 15,144,446 
.!I 

= 3,575,554 
Ql :, .q tl 4 " .a Q.l .c:t 

lJ lJ '111 t 1lllfll..l lJl..l lJ U 1J1Jtfl1V'ill 1 V'l' 'I l1' 

1 1 o5 

NPV 

PV • 
3,089,400 

(PIA, 0.50, n) 

n 
" . "'"' i 

PIA, 0.50 %, 1 

PIA, 0.50 %, 2 

0 

PVfhh 

3,575,554 (PIA, 0.50, n) 

3,575,554 I 3,089,400 

1.1573 

0.50% 

0.9950 

1.9851 
.,. 

1 lJ 2 
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. . 
4.6.2 .. .. 

1 1.nfi 
50 X 100 

.u'11ff11 4.s 1 -i1lm 

" 210 iw1u 4o,ooo 

. . . 
0 cv 4IQI, 0 4 Ql' 0 d .&!1 Q,l oll!!t 0 

= 1llh!1h!tfl':it:l-31lfl':i11':it:l1llh!1h!flh!-3lh! X nm'Yitfl':it:l-31lfl':i 11':it:lflh! 'Yil-3lh! X 

(1m1 2554) 

rhri'-3m':iNnfl = 1 tfl1v-3 x 8 -i1111-3 x 210 

17,280 ill . . 
AI • 1 "'" " 'I" "' "' "'"" • .1 1 "' AI ff(IJ11 

19 

. . 
.c:t y d. cv.es..c::. ... l (Fixed Cost) 

9nnu 
.. 

tllfJfll'i 1v-.11u 
Ill 

11fJfl11 1-.l'Ull-.l'n'U VIU'JU • .;. 
(lfl'ifl-.1) 

.;. 
(lJl'n/lfl'itl-.1) (ib (mniih 

L 19 3,089,400 5 617,880 

(162,600) 
.;. Q 

2. 3 51,999 5 10,400 

(17,333) 

..,j "' 1.1 3. tmfl.:t'lH'I 1nm 1 6,500 5 1,300 • 
(6,500) 

. " 
4. 2 24,000 5 4,800 

(12,000) 

'iJ)J 634,380 



1U.lfll1 

1. fi1u1 

(19 X 250 X 312 = 1,482,000 1Jl'Vl/il) 
I .:!l d 

2. fllU'J'l'll'Utfl'JV'IW1Jfl'J:ffV1J 

( 3 X 250 X 312 = 234,000 1Jl'YI/il ) 
1 J. Q.ICV Jt 

3. fllUH'll'Utfl'JV'l,-'l'Ull1'Ufl fl1J tfl'JV'l 

(2 x 250 x 312 = 156,000 m'YIIil) 

4. fll 

(19 X 13.63 1J./nJ. X 8 X 312 = 646,3891J./iJ) 

5. fll 

(3 X 0.2 Kw. X 4.70 1J./l11 .. btJ X 8 ,-lJ, X 312) 

= 7,039 mVI!iJ . 
I IIJ.J211 "' d <> 6. m mnltfl'JV'ICJfrltHVHnff11fl • 

(1 x 0.35 Kw. 4.70 1J./m.hv x 8 ,-lJ. x 312) 

= 4,106 1JTV1/iJ 
I .. 

7. PE 49 flfl. 

8. 1 flfl. 

9. 2 flfl. 

10. 5 flfl. 

' (1'it.llf.l) 

19 

fl'U 

3 

fl'U 

2 

fl'U 

3 

3 

1 

72,000 l1J 

950,000 l1J 

980,000 l1J 

995,000 l1J 
'JI 

8,950 lJ1'U 

11tll 

' ('Ul't1/1'it.llf.l) 

250 

1Jl'YI/'l'U 

250 

1J1 'YI/1''U 

250 

1Jl'YI/1''U 

8,505.083 

586.60 

"' 1Jl'YIMl V'U 

342.16 

15 1Jl'YI 

3 1Jl'YI 

5 1Jl'YI 

8 1Jl'YI 

85 1Jl'YI 
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1,482,000 

234,000 

156,000 

646,389 

7,039 

4,106 

1,080,000 

2,850,000 

4,900,000 

7,960,000 

760,750 

1l'll 20,080,284 

. 
j/ t:f I I 

11'U l'J'U fl'l'YI11Vl1 'U 1fJ 
• 

634,380 1Jl'YI 

12,480,000 filrlfli'lJ 

0.05083 1Jl'YI/fllC'lfli'lJ 



20,080,284 1Jl'YI 

12,480,000 ilie1ni'll 

1.60899 1Jl'YIInie1ni'l.l 

" .d t • " Q.l ... 1 • ' 
= + fl'U'YI'Ur-I'Uttu'Jflfl11'U1tl • • 
= 0.05083 + 1.60899 

= 1.65982 1Jl'YIIfihni'll (1.65 1Jl'YIIflieltli'll) 

'JI 'I 'JI ""' 4.6.2.2 fl'U'YI'Utll'J t 'lm'l'J !fllJ • 
1) tll'J'Jl.ltl111'1v.Ul.ltll Aluminium Phosphide 

2) tll'J'Jl.ltl111'1v.Ul.lt11 Methyl Bromide 

'JI .J 'I 'JI d 
flllH'fl 4.48 fl'U't:)t.lfl'I'Yitll'J t'lfffl'J!fllJ (Fixed Cost) 

0 "' 01Qfll11oH.:tlU 
v 

1U.lfll1 91UlU l'IUUUIU f!U'JU .. . 
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4 
(lflltl.:t) (tn'fl/lflltl.:t) ('il) (tn'fliih 

Q 
1. 3 51,999 5 10,400 

(17,333) 

d tJ 2. lfl'JV'I9H'l ltlQ'I 1 6,500 5 1,300 

(6,500) 
' " 3. fllcM'I1.1lm!n 2 24,000 5 4,800 

(12,000) 

lltl 16,500 



. 
.oc " "' .I 1" "" Vll"iH't14.49 IPI'UlJ'Uf-.I'UUu':if11':i 'lHYl':iUUJ (Variable Cost) 

"iUJill"i 

1 I 1 

1. fi1UH'I1'Utl1lJ1111tl UJtl1'11':iti1JlJtl1 
" (3 X 250 X (24 flf'!/iJ) = 18,000 1Jll'l/iJ) 

I d 
2. 

( 3 X 250 X 312 = 234,000 1Jl'YJ/iJ) 
I 1 'JJ I 

' Q.l 0 Q.l Ql .e!l. .e:t 
3. fi1UH'I1'U1fl':itl'l')j''I'U1'11'Ufl fllJ 1fl':ifWlH'I 

tl1flQ'I (2 X 250 X 312 = 156,000 1Jl'YJ/iJ) 

4. fh 
(3 X 0.2 Kw. X 4.70 lJ./'111-htJ X 8 'il'lJ. X 312) 

= 7,039 1Jl'Yl/il 

• liJ • .Ill!l it "" "" 5. fl1 tl'H"l11fl':i'f.l.;jC]fCIQ'Il'Hl1'ff\Plfl 

(1 X 0.35 Kw. 4.70 1J./111 .. ht1 X 8 'il'lJ. X 312) 

= 4,106 1Jl'Yllil 

6. PE 49 flfl. 

7. 1 flfl. 
' .... 8. fi1Q'I'l'Hl1ff\Plfl 2 flfl. 

9. 5 flfl. 

' " <1 10. 

11. fl1'ffl'Hflij Aluminium Phosphide 

. "" 12. fll'ffl':i!fllJ Methyl Bromide 

' " , . ... 13. fllQ'If-.11 'ff'ff1':i1fllJ 

' " 14. 

' ('H'U1tl) 

3 

fi'U 

3 

fi'U 

2 

fi'U 

3 

1 

72,000 11J 

950,000 11J 

980,000 l1J 
995,000 l1J 
8,950 1!1'U 

12 

240 

11J 

"ilfll 

' ( 'lJl 'tl/'HU 1tl) 

250 

1Jl'Yl/1u 

250 

1J1'Yli1'U 

250 

1Jl'Yl/1u 

586.60 

342.16 

1J 1 'Yl/! tl 'U 

15 1J1'Yl 

3 1Jl'Yl 

5 1J1'Yl 

8 1Jl'Yl 

85 1Jl'Yl 

1,850 

850 

1.25 

6,500 

174 

18,000 

234,000 

156,000 

7,039 

4,106 

1,080,000 

2,850,000 

4,900,000 

7,960,000 

760,750 

22,200 

10,200 

300 

32,500 

"i11J 18,035,095 



1-ffffl'Hflij (Chemical Cost) q 

"'"' 'JI ffl'ilfllJ lJ\Pl'I.J'Yl'I.J 1.44 
q 

16,500 'Ul'Yl 

12,480,000 

0.00132 'Ul'Yl I 
'JI ... tl IPl'WlJ'WN'I.JU 1 

18,035,095 lJl'Yl 

12,480,000 

1.44511 'Ul'Yl I fil 
, d_, I Jl QJ I I 

= IPl'I.J'Yl'I.Jfl.:J'YIIPltl'I1'1.J1rJ + IPl'I.J'Yl'I.JN'I.JUU'iiPltl'I1'1.J1rJ q q 

0.00132 + 1.44511 

1.44643 'Ul'Yl I (1.44 'Ul'Yl I filc1fli'lJ) 
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4:!:1 tl .cS. fJI I «::\ QJ I " I 1 'JI .d 
105 0.21 'Ul'Yllfl hmlJ U\Plfll1llJ6-:J 

"'"' .... of 1J:;flfi'J.ftTU.Il05 

' ' ' 0 Ql .:::a 0 QJ ..:!( 0 d. 4 QJ 

= x 

11'1eflu l'i'H1u x ()mi linlJfl'irur;mff, 

2554) 

fll".:Jmmi'liPl = 1 x 8 x 270 

= 2,160 



= 19 X 8 i1 X 270 filttflllJ!i1 

= 41,040 flt"flllJ I l'U 

176 

Mll1tHl11>J. (1 i1 = 210 fii"ni'wci1 

i .cS , .c:. e:J cl 31 11:1 0 Ql .:::::. cv Ql 4 Qi Ql 

40 fi'U M'iV 40,000 n "mlJ/ 

1u inf u l 1t1i' fftl'U'Vhlt !!lJ" l u ti' 105 

19 l ., ., 
85 

4.7.2 &cM'U i Hff 

lMqj 

2554) 

4.7.2.1 

1-2 (2,000 fii"ni'lJ) 

= 1 x 8 i1 270 fii"ni'wi1 

= 2,160 fii"ni'w 1u 

0'1 2,ooo fii"ni'w1u 

1t1i' l ti' 105 1 

l 

4. 7 .2.2 1 1 'i 
13-59 miti'U/l'U (36,000 fll"flllJ) 

= 17 x 8 i1 tlJ.:J 270 fii"ni'lJ/i1 

= 36,720 fii"ni'w1u ., 
0'1 36,000 fihni'w1u i.:Juu 

" l fJ} Ql .c:t Q ... J 0 Q.l l " .c:. .c:!to d o' 105 

11 tfl1v.:J 

4. 7 .2.3 1 1 lMqj 

i .. " l I 0 Ql .Q :, ' cl Ql bJ .... I Hff'\111'\J'UWI mu 60 !f11ti'U/1'U'\J'U tu " 



= 28 X 8 '171 ilJ'J 270 ilJ'J 

= 60,480 iu 

177 

" f!-:Juu 

1oi' -:J ffuuvh 11 Hl 1 v 1 os 
28 

4.so ff(11mm..A i 

\l1'U1'U 

1 ""'" 0 Q,J Q.l Q.l 

'UUlfl flUl.:JflllN0\11 (VIU/lU) 

i """ " d 1-2 1 

1 """ " 13-59 17 

1 """" 1 I my 60 28 



·HU 11imi 11 i'i' 'J 1 lA rJ 
105 'll'Ull'Jtltltllh1Vf-lt'l 

fJ} " Ql 4 Q. 

W t!W'IH11J 2 fltl tJW'I1fi1J 20 
q • q • 

.cl .cl .c:t. .c:t. ,. i t.ci cv d cv cv .c:t. .c=1. 
tttft'ltttfV'ff 54 11-A 25 

i Old Q. Q. ,. i t-=i Ql d Q.l d d Q.l Q,l .q 0 1 'JI 
49 11-A '11 , 

HlA1 Reddy (1950) 
.q .,. " " Q. d. 1" ,. ... W tlW'11fi1J 30 23 11-A Driscoll et al. . .. 

(2000) VflJ'h W t!W'I1fiij 33 1u . .. .., 

• o , I .:9 d.c:t CV 1 'JI 'JI 
lA fll'J 11-A 'U ttf 'J lA lA 'ff11Jl'Jf:l 'lffl111J'J tllA .. . 

1 <!I 1" d 1 d ... d d 0 ... d ... 1IJ 'JI 
'11'Jtl 'lffl111JWlA lAfll'JtnlJ'Jflll1 &fl1J1fl 

'U 
:'1 'JI 0 Q <V 'JI i 'Jid "> 'JI :'1 1IJ I ' I <V 

60 1u 

fflA 1 i lAfll'J'111U 

1 u .U ftfllA 'YI1 r1 1 os 1 fll'J 1 q 
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1 Hff.u' rJfiwhti'llhtfl1 U·nnvt' 'l 'li'-31hl -3 iifi1 'l 

tl fl111J 

tlV'UU-3Hftl'lllfi!ctl Hftl'ltlWcnii .. 
'l hi 'l i'-31hll1'1U il_j lV i t.JrJ'-3'1i'11ff11 il,j 

m'rl'1i'11Mrl'-3nT.m 1vt' -3 ff 1vt' • 
vu11t'tJ .. .. 

I I I I 
' <£!f. d.c:t 0 Q.,f .d. ..:!1, .a ' 

ff1hl 'YI1-3tfl flU tfl1U-3U1J1Jff1V'rllhl " . 
i t.J'l i'-31hl hi 

.I .. '1 !ll ?I d I 'I ... I d ?I _., ?I I 
&'Jl' AHP &hlfllm'iltltt'il-3 UUtltuhlff1hi"'J 

H"'} m ri1Jhl 'illtllJhl 'illi't.l 

tm vtJtii vtJ i tftu 'l 
Cl (I cu q 

,j'hl 'l 'il 'l ihlffl1l-3flfl, 2542) 

fflV'rllhl 'l hi iJ hi lVf 

'I !ll """" ""'.. ?1 .I .. '1 !ll "" .I V d UlJC'I-3 105 &'Jl' 

(Quality Function Deployment: QFD) (Four Phase Model) 

,- ,.. .l! ""' .:, a ""' ., 'I !ll 'I ,.. ., d'l !lid 
&flH tt'U-3UH &'Jl'lJfl111J 

.,. 'I '131 d. .j 
&'Jl'-31hllJ1tlV-3'Uhl 

ffl1J11tll'lU1JffhiU-3\9iUfl111J 
31 31 <!! "'.1 ,-""' .. ., ., "" .. o ,- ?1 I'IU-3 'illhl1hl 10 & H tuhl 

'l 'il 'lm1 

d,..j "'?I"' "' ..,.., .. .,j &'il 3. 76 l'ri1J'Uhl 4.43 17.82 • • 
"' "' "" • .1 "' • I,; • I d. .j "' a "' 14.23 
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.1 1 .I o'i""" .I v.d 
ff1IJ 11 fl1 'i IJ'i:: 'JH 'YI fl 'W flf11'i!! IJ M 11 'W 1 'Yl 'YI H fJ W. fll'Vl (Quality Function 

Deployment: QFD) 11lUff'Wfl1 ilf 

I I 
-· Q, Sl 4 Q,.l cl.ct. .... J 4 0 QJ 5.4 

t05 

0 ..::::t .cr. Q.l " c::t. tl o' .d ff1tJ'Vf1'W Cl1t'CW-:j l'VfU q • • q 

d 0 0 Q,l " i " ct tf/ fi11JfJ lJf11UJ1 111 U1J 'UU-:j ff1tJ'Vl1 'W Cl U-:j f1l 1-:j-:j1-:j'U11 'W 'lJ UfllJ:: Cl Ul.l 'YJ 'i tJ 105 

A1tJ Box Belmken Design J11l'l\jCI£J (2549) 11CI::"J''il'f-:jff 

1J1-:j'Vf1'W UCI::ff'lJfl-:jfiW.1 (2554) U1J1J Box Belmken • • 
Design 

y ' y 

54 flf-:j 4111l1itJ flU UW.11.f1lJ fl1llJ11l.ll'lfl.l . .. 
fJ). tl tl ' ' .d. 4 Ql .c::l 0 ' 'll111Jl.lffltJ'Vl1'W 'Vf1J11fll'Yl111lJl::fflJ flU tJW.11.fJlJlnt1Hff 85 C 'i::tr::'l11-:j 

Q.l " " d.cr. " o' Q tl 15 CJflJ. fl11lJl1'Wl'lJ111J'Wfflti'Vll'W 1 CJflJ. 27.5 HT'i'lf 11CI:: 

C\ .... J C\ 0 Ql " y " i 11CI::'i::tr::'YJ1-:j 100 'iUtrCI:: 100 mtr l.l'i::tr::t1Cil 

1 l.l1ll 33 1u1Yi . .. . 
Zhongli Pan et al. (2007) 

60 °C mv iu . .. 
"' "i" 1"1 .d ""1 1

"" .... IIi 'i::tr::11CI1 1-2 'Wl'YJ ffllJ1'ifi'Yl1 • 

• ' jJ ' 

54 flf -:j th'tfulJCI-ti 1Am 

vi1m1 11! ffU1JfiW.f11l'l'UU-:j'lfulJCI -hiifl1111111lJ1::fflJ 11'1v hi A1trfll'i1tml::Mfl11lJfl.,nl9i'u-:j . .. 
0 " .c::t Q.l JI!J. 'U lJ-:j!! 1J1J 1!1CI U-:jf11'j 111! ffU1Jfl W..f11l'l'lJU-:j'lJUlJCI flU . .. 

5.4.1.1 fl11\911'Hl ffU1Jfl11f11::1llUU1J1JU 1lflU 'iJ 

-;hiinum::1JltiU1J1JU1lflU hi 5.1 ilfn1u--.hff1'W .. 



... , 

54 

1'11lJl::;fflJ 

Normal Probability Plot of the Residuals 
(response Is Pen:ent (%)) 

.. 
80 

80 
70 .. .. .. 
30 
:20 

10 

• 

-2 -1 0 
standardized Realdual 
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" t 'l" "" 5.4.1.2 m.1 'lH!HUfJlJflnm::;'illtJ 

rl1J'U!!H'U.fllJ ·hi:Ju nJu 1J1JV'ff'j hi 'illfl 
q CU IU CU 

d I 'J) .c::l I I J} .c:l C:. 

.fllWl'l 5.2 ff'l'U \91 flfl N 'llfl'l f-lrl f11 'j l'1 rlfl lJ fll'j m:; 'ill tl{l fflJ 1! fflJ 11'\J fllq!rllJfnllJ t:J ff'j:; 

(response is %) 

10 15 20 26 30 35 40 45 50 
Observauon Order 
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5.5.1 (Physical Quality) 

0.02 ni'11 

i'IJu J 111 'IT 'U'W 

.l "" 1 il "' "'"' II) "' "' d d ' ft1111"1f'W 100 2.25-Q • 

3.67 ni'11 i u 1 11iN m1 \1 ii n 11 iYvJ 111u n \11n m 1 t 11 V'Utl\1 

.x,.,i! 0 """'"'"' ..... ft1111"1f'U 'W111'Ul1ffl':i 2550) 
_,' d -1 il il 

(Length) ft1llJf111'1 (Width) ft1111 

' d II) I "J i) _Jd i) ... 11'Wl (Thickness) (Grain Shape) &11 f11':iU1!f1':il1 

rmi1 tJ\IWJii 

(Zhongli Pan et al., 2007) 

I i! "' • "' dii ft1111'U11'Ul1ffl':i 1W11'U'W 72.87 
"'"" dv 1 • "'"' 1W11 'U'W 3.40 1W11'U'W 6.09 ff 

· n i'lJunn 

V V v _td _ 1 "' "" "' (Sabularse et al., 1992) (Roy et al., 1991) 

oll!!t ..:::{. , .c:l d. .:!I i il <!I 
11'Jtlf1111W11'Utl'lft1llJ1'UlJ'Utl'lff (Color Intensity) 'W'Ul1ffl'J fttl 

(Roy et al, 1991) ff'.iUil ft1111'U11 
I • 
! 1 • • 

'JJ : Q.l Q 0 Q.l I " .<Q,. 'J} d.c:l f d 
'Utl'I'U11ffh':i tu'WftW tflft 'U11ff11'VllJft11lJ'U11ff 'l tltllJ1 u'W 'VI I q u CUI IV I 

(fl'Vl'.iW'J 2540) 
I 

I f111 U11m1 n fltl illii f111UI91 tiVH tJ\Ift ., . 
i'luu W'Uil ftrumw.u'n • 

(Zhongli Pan et al., 2007) 

5.5.2 (Chemical Quality) 

1-1 "' ... "' "' "'1-• "' J d il ' ... "' u'.i191'W (Protein) 11 u':ii91'W!W11'U'Wmf1'Wt1Vl'V11f1'U 0.74 f1':i11 

"" ?I il - 1- I "' "' I d I <!I il 1- I "' 9.6 u'JlllW u':i191'W (Protein Content) '\111 
"'•iiid IJ i/ii) .,iii! "'il 
V'l'Vll 'Vl1 • • • 

(m111"1flf111lf1lll91':i, 2555) 
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I y 
t t fl(ltJ 'ff1'U (I '1tl 

(Crude Fiber) 0.10 nf1.1 

63.15 Juliano (1993) 'ltJnTm11.nfl trlmJ''U.fl1Vi'lf'1vl'i1 '1'11' 'l 

1u1 (Ash) 0.27 nf1.1 42.18 m1l1'll'1 

fl11tfl'lJ\911 (2555) tU1 'l tJ 611111 
" ' ' 

tu1n 

I IIJ.I I 11J "".t= , I o'l" 1 IIJ""' tl-11.1 l1fl11lJfltl'ff(lltl 

mfl'Ulel!\911\91 (Nitrogen Free Extract: NFE) i1mfl'UieTt\911\91 
..,: ,f "' "' :'1 , .,; .. ..,. IIJ ..,: ,f 0 'l ¥1IJ , ..,: ,f 

!Vi1J'UtJ 1.71 fl)l.J 2.16 fl11'Vl1Jfl11 !'U l1 !W1J'UtJ 

"' .. :;"! IIJ , "' .. , .. 'l , , "' .. 'ffuum tm::flru:: (2549) 100 m1.1 1.1 • • 
m!l'U 78.82 - 83.07 nf1.1 'U 
I 0 '!'"I .. 1IJ" 1'1 "·I '!' o'bJ , d .d I "' I .. ,f 'W1'ff1161l111 !1J1\9l'W AlJ 'll'1J1:: &tl'll''W 

5.5.3 (Cooking Rice Quality) 
"r= "'1 ..,: ,f , :'1 , "' 1J11J1W61J (Iff (Amylose) !'Vil.I'U'W1l1fl1fltJ(I:: 7.28 !1J'W1fltJ(I:: 8.86 

:'1 d IIJ • I "' ..,. "' " (Gel Consistency) tl1{11J1'Wfl(IH 42 1.11.1. 

"Q"fl (Elongation Ratio) (Aroma) Ipsita Das et al. (2003) nrl1Th 

'lf 1'1fl'U!!,f lTQ 'W'Vh 1! 111flfl11111 flW.fllW 'Y1Hil1 . 
v1.1 1 hmmr n 119lvn1J 111n 

, "'1 .flfl 

G.' 4 4 3) 'J) 'l I o (PE) 180 '1'\.J l-116 6 111'W'1'W 165 228 • 
280 i1 'ff1l'U1i 

• • 
'l u 

u • 
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iiu -.11 hJ 

1iUJUJliu'lfn", 2540) " " . 

"J 7/..!! "".t= 7/ 7/ 7/ 1d I "' 1 d "' "J 7/ .f I "" 1 'Wfll'ittl1J'itl1:11 • 
trtfJm1J 6 3 i1 tm:: 2 i1 

?1 .f ?1 "' 1 d • 1 """ .K .!\ "' • " d .ar "' •1 tuU'i::v::nmulU'IJ'Wtuunm 6 Ufll1tn1J'VIl u ., 

.e. " 4 Ql .. .1 1lltl tll'idttl ';i 1::11 'VIH tff'i 1:1! ';i ';i:: V:: l"H'Iltll.ll'J U 'IJ ';i tJ 1!1 V'i ffti'W TI'i lt ';i 
I 1, d .I "' d I "' "' , d 0 1 ,_I "' 'l1nmm"Vu'i::1Jltu 1 u 2 1l::l11U1lfll'i'VI'Wffl1J1Hltl'W'VI'W 'VIl . . . 

71 
...\ .:, 1 71

"' "·I 1 "' ,l "" "' o' "' "' nm 

?I 1 7/11) ""' "" 
71 

"' "' 1 "" "' o' "' 1 ...\ l'J'W liJ'W'i::V::tdm'itltltiV 11 tlHfll'i 11Jtl'i::V:: 

n"1 ri111i'11 1m • 
• I"" i ...\ "' i ' .dQ Ql llJ 31 .c:! Q.l tl tm::u{ltffn m t1Htll'i1Jltltl1l'i::V::'Yin1ltll'iVV1J'i1J 

2555) 

1.65 1J1'VIIn1"ni'11 • • • 
0.211Jl'VIIn1"ni'1J (2549) 

, . ,_ I i "" , "" , , I 1 , I .c:! Ql .c:S liJ I Ql , Ql 

Hff'lll1'WV1J '1f t1J9f1J9fti'W1Jltl'Wtl 
I I "' I A I "' 0 1 , I "' '"' , "' , 1 , d "' 1 , 11tll'HHVtltl tlJ U1::V::Vl1U"1t1Tl'V111::mvn '11 . . , 

i' m'i 1::i1'li'11nrl l'Wtnllm vu'VI'l u h1' 
""" i """ 1"?l .I "'"" 1"" ..!! 71 

lJ'i:: ff'VIi 1J1J1tl i ffVUW'i lt'i V U1J 1 U 

VU'V11d 105 1 n·ilfi1J 270 

?I 1IJ .lliJ 
71 71 1 "" 1 ""1 "" 71 d 71 1 71 ...\ "' "" IIJ'W tiJ Umtu 

Uri:: h 1mu 28 tftv " 



' "" 1J'YI'YI 6 

lr1tJfm 

'lf'i' rl11t1 1 '1'11 iJ 
" 1 os ff1111Hlff11Jr,m • 

d, " " ' ' 6.1.1 (Rice Weevil) 'Y'I1J11 f_JW'I11J1111H'fi11V 

fl11 tm::•Jf'JrJ1 M ff11111 'UV.:IiJ1::'lf1f11 UlJ'fl-:1, tt'fl::fl11 

6.1.2 1\11 'Ufl11'111U 'U 
G.IQ 41:\ .'c:t.oQil, 

1 V-:1 1 'U 1\1 ti'U t 'fl Vfl fll'i tJ 1:: 'lffl 1:: 1J 1'U f11 111 ff'U 1 \11t fl11:: '11 t 'If .:1 'fl1 1J 'lf'U (Analytical 
·• . d .4 .,..,;, 1 "'""1"' .4 'J} 'i d Hterarchy Process: AHP) ti'J'Utfl1V.:IlJV'Yl'lf1tl \lt'f1Vfltfl1V-:111'UU1J1J 

:'1 .I "1 'JI "" .I 'JI d 6.1.3 \11fl'U 'U t u'U f111 u 'If t 'Ylfl'U fl f111 U u 'fl.:! '11 'U 1'Yl 'Yl H flWfll'Y'I . . . (Quality 

Function Deployment: QFD) (Four Phase Model) 

.c:ll d o4 1 Ql Ql d" ' 1J m m"' v 'II v fl u u u fl111l 'Y'I-:1 'Y'I v \1 t 'Y'IlJ 'll u 1 v v"':: 18.61 11 'fl.:! m 1 'Y'I9'll u 11111 u l'J u \1.:1 n11 

.K 'JI .!\ "" • I "' • I "' • I "1 'J/d 1 "" 19,800 1J1'Yl t'Y'I1J'IJ'U1VV'fl:: 13.86 '111lfl111Jt'I11J1::ff1J 'Ut'lf-:1 • • • 

'J} .!\ ... """" • .I 'i 1 'J} 6.1.4 fl11 fi-:111'UU l 1J1J '11 

1,ooo 1'111'1 2 

" " " Box Behnken Design 27 fli'-:1 2 fli'-:1 

4 11\liv fiv DW'I1flii fl111J'I1'Ul-iu'1Yl1U'Wfl'lti'Y'Il'W . .. 
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q o' 'J} q ... 1 ...:::.. C), 0 Q.l " fj) 'J) i 27.5 te11'1f 100 !C)fl.J\91 tlJ\9ll 100 flltl 1..J 

1 u1Yi 33 1uYi . " 

j) I Q..l Q.l .ct I Q.J d .ct 6.1.5 fJWfll'Vl'lll'J'YIHfllUfll'Vl 'VllJ'Jl lJ 
" 

0.02 fli'lJ 

fnll.l'llld'li'11ffl1 
b) 'J) 91 .ct 1 Q.l Q.l .:1 I A " .Ji I 

'llld'YIHtfllJ 'VllJ'Jl 0.02 
1
't .I "" ,f ... ""' ?1 " .-,- IIJ ,! ... lJ11911jll.J tt\91 tiJ119ll.Jl'VflJ'lJ'l.J 0.74 flllJ 9.6 tlJ 1.71 flllJ 

2.16 1'11,jl.J tgtl iu 
" .. ... IIJ " " " ... ... "" I ""• ... ,. ,f " UtllJ 11J 'VllJ'Jl lJIJ1lJ1WtllJ tr!fft'VllJ'lll.J 7.28 

?I " ... 1'1 1'1 ... -I I ... <!I ... " tlJ'l.J 8.86 

Q.l l,q a' " tl Q.J,c:! 

6.1.6 ltl1 

1 iJ 2 1.65 

m1 i.Uffn tflii 0.21 mwiil . " 
tfl1 ltli' fffl 1..J 'Y'l111 1 Ul.JM i 1..J ,j' tl fll V 105 'VllJ':lltfl1tl 

l'I'H1u 1 -i1 210 llJ-:j 

.ei Qq " 'JI d q 0 d q 0 6.2.1.2 15 C 35 C 
..,ji" 1'1 I'J} fj) .ct C. C.,.1tJjA.:::!.d Q I 0 0 

t'Vltl l1Ul.J l.Jfll1t'il1tlJt\9llJ 'YitiW11fll.Jff-:jfl'Jl 30 C 20 C 
u q 

I 

6.2.2 {QFD) 

6.2.2.1 i 'illfl .. 
I"" ..,j i"IIJ" " .d " 0" "" I fj t'Vltl 11 t']j'l.J 

.I .- ""' " 
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6.2.2.2 

,rt'VlfiU fl QFD l . 
' ' "' 

l .::1. 0 'J) .Q 

6.2.2.3 'U V'U 1 fl 111 flll fll'i 'U 1'U tlll'fl 'Yifl 'U fl .. 
. "' "' 

.Uv11 -n fl1'i 1tfl 'i 1: 11'1 u fli' u tlJu .U v11 -n t1' 11'1 vv 1 'ii!V 1 i u u 'i: v 1 fl f.lfl1'i l'l'U l'l1'U fi111J .. .. . 
l'l N! 'Yifl i! flu -n: .Umh11 u flfl w 5 ff1111Hll ,rfl'Ufffll'U fll'i w 11 'il 'illi'U • • 

\IJ 'J) .c:!l ll] 1 "t .:!1 Jl 'j/ 0 Ql I 

&fl11 'iV Ill & fl f.lfll'i'flfl11 'itltl11J U'Cl:'UVfl111'U fl fJW'flfll:IW:'Jj''U ff1'U U'Cl:'YJ'Ul'l1'U 
., ., o' 

fi:U'U'Ufi111J fflll1'U1i 

6.2.2.4 l u fll'i u 'i: 1ij u r11111 u; 'YI fl ij fl n 'i: 1J 1 u n n 'U iu 1 ;f 
"" o' .. l l 'JI .,j :'1 1'1 "' "" ., "" 1!fl'i1:11 'Ufll'i 11fi:U'U'U Vt.l!flfl'il1fl 

. . 
y .:!I Ql ct. .Q. .... 1 .c!( 0 Ql l 'JI "" 6.2.2.5 lf.IHfftlt.ln 'i1t 'ifl tWVfll1lfiU1J 'U 'U11'U11f1Vflll: 'C1 

flt.!Yl1d 105 i u-n:NU'i:nv'Um'i h 'YiflffV'Ufll'i .. . .. 
fl1'i lJt.1 ff mu 9ivm'i • • 

.Q. .Q. d. ' i " Q.l Ql , JJ " i ... or Q.l .d !flflfft.lll!!'Cl:llfl1111!11111:ffllfl11 !WV I 'Jj' 11!IJ'UIJ 'iJ 'YI eyfl 

" " ......... t! 6.2.3 f1WIIl'Vi'll11Uil:.fi1YU:fl IY I'Ufll'iU'i'iil'lll1'Ul1Atlflli::'Lltl'Ufi'UJ 105 q ; q 

..,;, 'JI .. "' i 'JI .,. .. , 'JI"' 6.2.3.1 fll'Jj'tJ:l'J 'Jj' lt.lfll'j1J'j'j1J'U11ff1'j Vl'illlfll'jt'flt)fl 1'111 11t'Cltlfl • • • 
t iu ::ffu'U 'Un eytyqpmff '1 . . 

.c!( Ql .Q .4 , 'JI i .. Ql ' 

6.2.3.2 i i u 

11f 
t::l.cv -C!k -=!:IY Y .d 4!1111• 

Vfl11'iV &11 

6.2.3 .3 fl1'i fl1 'i i' fll'i fi11JfJ 111J ij 9i N '1 ! oM'U 

VW11.flij 30 VW11.flij 35 t'i4VU'i:fltJ'Ufll'i q cu q 'U q cu 

hJ 
fi111J!11lll:ffll11'1u hJ 
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... <:1 cl . 
tlU'ri'UJ 105 

6.2.4.1 1vi' .:JffV'W n1 1t HI l ii 
vun1V' 1o5 

vu mow l umnh.:J1'W'Ufi.:J 

""" ... .,j ""i "'"" 6.2.4.2 fl 111! Mtl1:11 UlJ M '11 1 1-:J 'lf'W fi'W lJ 1 & 'If 'W tl U fJ 1tJH ff 

vun11t1 i n1 v 105 rl111 hJ 

6.2.4.3 
" 4!:.t. 4 .. r:!: .c:S • cv "" 4 .. 1 .:::. GJ "" Q,l o' Ql d''J} .c:S Ql rl t u1 1'lf'W 'W'W l 'Ul1ff .:J'\1'11 'W'W t'Ul1ff1" 'W'W l 
v .,. .,. "' .,. v , ' ' v 'Ul11Jl1mtJ 19lfl'lf1.:JUff.:J 1u'W\9l'W 

6.2.4.4 i l 1vi' i u'\f11'U11 

1 o5 l'*.:J1u lli't'\f1 l 'iuifvriflu hl' 
"' 

l '*.:J1'W 

6.2.4.5 t")' 1 '111 tl ij tl U \111 tJ th tJ n\Oi'i '*tll1 fi1J 'If 11 fJ tll fJ .:J i '*n 1J • 
i 1l 

Sl .,j 
6.2.5 'UtlltJUtlUU::t>U, 

6.2.5.1 1t1i' lwu'n 

n1 a 105 • 

"' V ..,;.,. .,. .,j "' "" "" V , v "1tlt1J 61 

6.2.5.3 1l'i'utt 1J1J 1vi' l u 
v """' """' "' .,j .I 105 t'lftu'W 

U'W1 'VIl.:J hf\ i 1l 





"' <I d ,. I "" 'l • I I "" "" "" <I mnnww t\9llJ v. fll'HH1\91 1'YW11...1'ri'W1i 

: lJl11i'YIU1rl'U1inlJff1ff191{ 2550. 

lJl\91 ,f11 1 'Yimm::; ,j'1lJ'I1 fllJlJ::; il1 vw . 
.c:l 3) I ,.I 

'W'W'Vltp: 2547. 
'l "" <I 'l t'W fl1-:jt'YJ'rl<1 : A'W, 2547. 

mlJ h fl\9lff1MmnJ 1 Hff,j'11. fl1-:jt'YJ'V'1<1 : 2548. 

ocv fJ} rl 
fl1-:jt'Vl'rl<1 : m::;'YI'I1-:jtfl1J\9lmll::;ffl1mtu, 2549. 

flfflJl UlJCl.:jff\9J'I,j'11!1Ji'jflfl fl-i.:jt'YJ'rl<1 : • • • 
2545. 

190 

ff.:jfffl'W 

flUCI'I1'lf1i1U : fltu::;iff1m'IlJff1ffl9lf lJl11i'Yiu1rl't.J • .. 
2549. 

t'U' Q.l , <Q. 

2531. 
4 .c:s G.l Q.l d"4 Q.l Jl Jt • 

.:j1lJ'lf'W .:jflflfl. 
Q,IC\Q,I" 

fl1-:jt'YJ'rl<1 : 2542. 
<IQQ,I "l " .c!t C\ " 0 J. b] .d 

! !flClfl'l.J 11! flll11...1 V 1...1 A fflJ. 

: fftll1J'Wt'Ylfll'W u u 

"' VI 1...1 m mu fl, 2545. 

: fftlltJ'Wt'Ylfll'W 

2551. 
.c::t , .c!l 1SI 
ffUfl1ff1. Design of Experiment 

http://www.geocities. ws/chalong_ sri/why_ DOE.htm. !lJll1tl'W, 2552. 

ltmi'u UlJlJCl. lflCl. i'YIU1U'ri'WTimtyty1Ui''b'ty1)9Jll a 
'l.TwcYl\91 : iu 2547 . . 
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" Ql " Ql ..c::w::l ... I cfll5/ .., ... 1 Q.l a' 4 'lfUl.J • 

itl'iiVl'JV'W. 2552 . 
.c:::t. .c:::t. d. " .c:::t. 'lfltyW'YI£11 m111'1flfll'Jtflllm, 2548 . 

.c:::t. Ql Clio " .c:::t. .dJ) d +.ct:..::. .c:::t. tl 
'W(j\Vlfflffm. i'J 1'YI£ll'U'W'U1i 

mtutt.lliff1fl'i'i1Jfflffm1Jl111JWcVl\Vl : 2546. .. .. 

2543. 

____ . : 

tflll\Vl'i 2539. 
o' ... ... o' .. _, _,..; -1 "" . 

WHfl 'U£J1J1'VI£J. : 

2538. 

1 'lffl 
Q.l -=- .c:::t. Q.l 4:':1 

: 1Jl111'YI£ll(l£l'fl'U(l'Jl'Jf1il'U, 2555. 

1 i'J <M 

: .. .. 
"" 'f.l'Uft'il'lftil'U, 2551. 

Vl'Wl'W'i Infrared. http://aoodphoto.multiply.com/joumallitem/9/9. 

2551. 

1Jl11'Jf'U. : 1J.tl.'Y1., 2542. 

1 'W 

... .., "" 
1Jl111'YI£llft£l'f.l'Uft'Jl'lf1il'U' 2550. 
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Length mm. Volt. Watt. 
I 

Project Full v w 
250 370 110 300 

IHH-14 hmll1lHlll 300 420 110 350 

'llll1110141JlJ. 300 420 220 350 

350 470 110 400 

350 470 220 450 

350 470 220 650 

500 620 110 550 

600 720 220 650 

750 870 220 800 

500 620 220 650 

IHV-17 600 720 220 650 

'lllllft 017 lJlJ. 600 720 220 1,000 

750 870 220 1,000 

750 870 220 1,400 

1,000 1,120 220 1,300 

- - - -

Lengthmm. Volt. Watt. 
I 

Project Full v w 
250 370 220 500 

IHH-17 600 420 220 500 

'lllllft 017 lJlJ. 400 520 220 500 

450 570 220 550 

500 620 110 650 

500 620 220 650 

550 670 220 650 

600 720 220 800 

600 720 220 1,000 

750 870 220 800 

750 870 220 1,000 

1,000 1,120 220 1,300 

1,200 1,320 220 1,600 

1,200 1,320 220 2,000 

1,350 1,470 220 1,800 
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Inert Ingredients 44 liJfl'HCJf'W\91 

Sinochem Tianjin Imp. & Exp. Corp., China 
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