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ABSTRACT

TITLE + AN APPLICATION OF QUALITY FUNCTION DEPLOYMENT IN THE
DESIGN OF THE INFRARED RADIATION MACHINE

BY - PARIWAT NASAVAD

"DEGREE . MASTER OF ENGINEERING

MAJOR . INDUSTRIAL ENGINEERING

CHAIR . ASST. PROF. SUKANGKANA CHAYONG, Ph.D.

KEYWORDS : QUALITY FUNCTION DEPLOYMENT / INFRARED / DESIGN

This research presents the development of the infrared machine. The objective is to
design and develop the infrared machine for disinfestations. This machine must fulfill customer
requirement with satisfy efficiency. Therefore, Quality Function Deployment: QFD with 4-phase
model was used. The requirements of customer were divided into 4 phases include: (1) Product
Planning (2) Product Design (3) Process Planning and (4) Production Operations Planning.
The 25 populations were from Nabakrue organic-agricultural group, Mahachanachai, Yasothon
province. All requirements were analyzed. The redesign machine has stronger mechanical properties
for endurance and operation safety. It was found that the average of satisfactory increased from
3.81 to 4.43 or equivalent to 16.27 percent increased. The cost of the deveioped machine was
equivalent to 8.83 percent 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 using Box Behnken Design with 15 experiments, 2 repeats. There were 3 factors
including temperature, the thickness of rice on the belt and heating time. It was found that the
optimal condition within 100 centimeter of conveyer belt was the temperature of infrared wave of
75°C, the rice thickness on the belt was 1.5 centimeter height between the infrared bults and rice
was 10 centimeter, the efficiency of disinfestations of rice weevils was 100% within 1 minute and
30 second of radiation. After radiation, n'ce‘uﬁas not crack due to the heat of radiation. The physical
qualities of rice remain within the standard value. For chemical quality, it was found that after

radiation amount of protein, fat, carbohydrate, fiber and ashes were also within the standard value.




The quality of cooked rice after radiation was found that the amount of amylase was slightly
Jincreased. The Gel consistency rice évas in soft level and the elongation ratio and the aromatic of
cooked rice remain unchanged. The éfﬁciency of the infrared machine was 300 kg of milled rice

per hour.
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2.2.4 AMATNIINIAY (Cooking Rice Quality)
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P:':lired Samples Statistics

N Mean Std. Deviation Std. Error Mean
Pair | AOUWMU? 15 3.809 0.432 0.111
1 HAAWAIU 15 4.430 0.154 0.039
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MIAIIANAITZAUANNTIAY (IMP)

1. mydnnsovesian

18.09 — 3.28 18.09 -~ 18.09

5—1 - 5—x
1481 0
4 T 5y
3703(5~x) = 0
18.513 —3.703x = 0
3.703x = 18513 — 0
18513
X T 3703
x = 5

9 &
2. mqmﬂﬁmmmmmsm

18.09 — 3.28 18.09 — 12.51

5—1 - 5 - x
1481 558
4 = 5—x
3.703(6 -x) = 5.8
18,513 —3.703x = 5.58

3.703x = 18.513 - 5.58
_ 12.933
* T 3703

x = 3.492
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3. adasanslumslFauveanios

18.09-328  18.09- 10.9

5—1 - 5 —x
1481 719
4 T 5ex
3.703(5 —x) = 7.19
18513 —3.703x = 7.19
3.703x = 18513 — 7.19
11323
* T 3703
X = 3.057

A r
4, SnnuFudunsouesld

18.09 - 3.28 18.09 —~ 9.53

5—1 - 5—x

1481 _ 9.53

4 = 5-—x

3703(5—x) = 9.53

18513 —3.703x = 9.53
3.703x = 18513 — 9.53

8983

* T 3703

X = 2425
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5. ﬂ"l'iﬁﬂﬁi'ﬂluﬂﬁ%'lﬂﬂ'limﬁﬂuulﬁ?

18.09-328  18.09- 8.19

5—-1 - 5—x
1481 9.90
4 7 5—x
3.703(5—-%) = 9.90
18513 —3.703x = 9.90
3.703x = 18.513 — 9.90
8613
* T 3703
x = 2325

6. wsonts 1Fa1u

18.09 — 3.28 18.09 - 7.51

5—1 - 5—x

14.81 10.58

4 5—x
3.703(5—x) = 1058
18513 —3.703x = 10.58
3703x = 18513 — 10.58
_ 7.933
* = 3703

x = 2142
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A = 1
T ARTDAUAIUFINULUINLTY

18.09-328  18.09- 7.39

5-1 B B—x
1481 _ 10.70
4 T 5 —x
37036 -x) = 10.70
18.513 - 3.703x = 10.70
3.703x = 18.513 - 10.70
_ 7.813
* T 3703
x = 2.109

8. Tergf 145 1angn

18.09 — 3.28 18.09 — 6.60

5—1 - 5 — %

1481 1149

4 =~ 5—gx

3.703(5—x) = 11.49

18513 —3.703x = 11.49
3.703x = 18513 — 11.49

_7.023

* = 3703

x = 1.896
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9. YUIAVDIUAT DIV YT I AT TUFIY

18.09-328  18.09 — 547

5—1 - 5—x
1481 12.62
4 T 5—-x
3.703(5—x) = 1262
18513 —3.703x = 12.62
3.703x = 18513 — 12.62
_ 5.893
X = 3703
x = 1.591]

s ) [} o 4 o o
10. m3TaneAumUgnIniveunsean 1 ed

18.09 - 3.28 18.09 — 4.56

5—1 - 5 ~x

1481 1353

4 T -y

3.703(5 -x) = 13.53

18513 —3.703x = 13.53
3.703x = 18513 — 13.53

4983

* T 3703

x = 1.345
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1. ﬂ’]uquﬂfﬁﬂﬁ?ujﬁﬂﬂﬂﬂﬂ§$ﬂﬂuqﬂ

18.09 — 3.28

167

_ 18.09 - 4.17
5—-1 5—~x
14.81 _ 13.92
4 T 5—x
3.703(6—-x) = 1392
18.513 — 3.703x = 13.92

3.703x

X

A ald o
125980

18.09 - 3.28

= 18513 — 1392
4.593

3.703

= 1.240

18.09 — 3.42

5—-1
14.81

4
3.703(5 ~ x)

18.513 — 3.703x

3.703x

5—-x

14.67

5—-x
14.67

14.67

18.513 — 14.67
3.843

3.703

1.037
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13. ANUEAIPIINVD UAT O

18.09'-3.28 _ 18.09 — 3.28

5—1 = 5 x

1481 1481

4 T By

3703(5—x) = 1481

18513 —3.703x = 1481
3.703x = 18513 — 14.81

3703

* = 3703

x = 100
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° 5 s (% d
mimmmmﬂ'mzamummmﬂmﬂ@<1mmﬁ’fmmsmdﬁ’mm‘s@ammuwﬁmﬂmm (IMP)

s = o ‘ '
L. FIUNTWIAT AU (L’Hﬁﬂﬂ'lﬂ UNUEUsIUne 4184 )

37.83 —8.92 37.83 — 37.83

51 - 5—x

2891 0
4 '.,_ 5—x
7227(5—%) = 0
36.135 —7.227x = 0
7.227x = 36135 — 0

36135

T Ta77
x = 3

2. ANUAINUYDITAY

37.83 —8.92 37.83 — 25.60

5—1 B 5—x
2891 1223
4 = 5.y
7.227(5-x) = 12.23
36,135 — 7.227x = 12.23
7.227x = 36.135 — 12.23
_23.905
*F Ty

X = 3.31
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=& g [} et dl
3. IONHI0 wmuwmimaau"lm

37.83-892 3783 — 14.53

5—~1 = 5—x

2891 23.30

4 T By
7.227(5~x) = 23.30
36.135 —7.227x = 23.30

7.227x = 36.135- 23.30

_12.835

T 7.227
x = 177

oo .
4. mi'm}mmuNamﬂmmﬁmmmmzﬁu

37.83-8.92 37.83 - 13.12

5-1 5-x
28.91 _ 24.71
4 T 55—y
7.227(5—-x) = 2471
36.135 —~7.227x = 2471
7.227x = 36.135- 24.71
11.425
X =
7.227

X = 1.58




¥
5. A NENNS0 TUAITTOU LT U I

171

13783-892  37.83- 8.92
5-1 5—x
2891 2891
4 = 5-—x
7227(5—x) = 2891
36135 —7.227x = 2891
7.227x = 36.135- 28.91
7.227
Sy,
x o= 1

MIABOUMMAZUUUA NV YUBIRNUABIMIMIAIUNTZUIUMS

=

o o o &
1. paamvediagduin g lumsaiunsas

q

17.44—319 1744 - 17.44
5-1 5 ~x
1425 0
4 T g
3.56(5 — x) 0
17.82 — 3.56x 0
356x = 17.82-0
1782
* T 356
x = 5
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3
2. ANz an lUA1T R0 NLUUAMHVUIATRITUE LA 14 9

1744319  17.44- 16.81

5—1 - 5—x
1425 0.63

4 5 —x
3.56(6—x) = 063
1782 —3.56x = (.63

3.56x = 17.82-0.63

_ 17.19

* ¥ 35

X = 4.82

3. ANUBANYUIBEANUTIITAVOUNTEIINT

17.44 — 3.19 17.44 - 14.72

5—-1 - 5—x
1425 272

4 T 5y
356(5—x) = 272
17.82 —356x = 2.72

3.56x = 17.82-2.72
_ 1510
¥ T 356

x = 4,24
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4. MImunuaumMwszn s wasfuddugaie

17.44-319  17.44- 1451

5-1 = 5 —x
1425 293
4 T 5y
365(5—x) = 293
17.82 —3.65x = 2.93

356x = 17.82- 2.93

1489

* T 356

x = 418

LY dl 9 =
5. HSNUINTLLATTZELIA 1T 1N THES

17.44 - 3.19 17.44 - 11.53

5—1 T 5 —x
1425 _ 591
4  5-—x
356(6—x) = 591
1782 —356x = 591

356x = 17.82- 591
1191
¥ T 356

X = 3.34

173
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6. aANuIzalumeanuuy I edomsnae

1744319 17.44- 814

5—-1 - 5—x
1425 93
4 " Sy
356(6—x) = 973
1782 —356x = 973
356x = 1782-93
_ 852
© 356
X = 2.39

7. ANUASATIVOINT NIRRT

17.44 - 3.19 17.44 - 6.33

5—1 - 5—x
1425 1111

4 = 5—x

3.56(5—-x) = 11.11
1782 —356x = 11.11

356 = 17.82- 1111
_ 671
"~ 356

1.88

=
il




2. PNYEANUFILITOVBINUNAUY

17.44-319 _ 17.44-3.97
5-1 5—x
14.25 _ 13.47
4 = 5-—x
356(5—x) = 13.47
1782 - 3.56x = 1347
3.56x = 17.82- 1347
435
* T 35
X = 1.22
9. ATIAILANAUATHUBIIAGAY
17.44 — 3.19 _ 17.44 - 3.34
5-1 S5—x
14.25 _ 14.1
4 = 5-—x
356(6—x) = 1441
17.82 —14.25x = 141
14.25x = 17.82- 14.1
37
* T 356
X = 1.04
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10. mmmmzﬁﬂummmmumiwﬁm

17.44-319  17.44- 3.19

51 = 5 x
1425  14.25

4 7 55—y
356(5-x) = 1425
17.82 —356x = 14.25

356x = 17.82- 14.25

356

3.56
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agrimasEEmd vuinadsyunt el

s AT
Tusyiegie 23 0T 2556

frtsiand et wwslfassm wirwd

T Fnte

ABnuleyus . | Indousium it

% Moisture | 12.09 11.68

% CrodeProtein | 674 | 6w

% Crude Lipid 043 o

% Crade Fiher 35 0,20

% Total Ash | 39 041

% WFE 2z RO.33

L* T34 | T4.45

Ceolor a* -2.23 =397

b* 15,017 13.78

e wivboy

grimeneant
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HamsIRneigumuniamamanwiasniivesizedistims

AU foump¥ed CAESRLEE |
drnin 1000 wia | 189 1.95
anunhwesiims () 2.0 2.06
ATINETINd T (UN) - 7.24 7.45
U318 @) 3.53 3.62
AUVIVBIT IS 43.5 43.2
nuediTaw (%)  1sg . 160
anuntaveudleagn 800 82.0
-ﬁﬁﬁ‘aﬂﬁ‘ﬁﬁﬁi’wmﬁ"n'c}’ﬁ - 1.46 1.48
W Hou 24P (ppm) 3.47 3.35

Anned Taa nguaninnasudsmsduifes quisiednguasasil
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