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# # 5470688321: MAJOR Industrial Engineering

KEYWORDS: Cycle time reduction / general linear model / response surface

methodology
MANUNYA PREMNGAM: CYCLE TIME REDUCTION IN PRINTING AND
COLORING PROCESS ON FRONT COVER OF CAMERA. ADVISOR:
ASST.PROF. ANGSUMALIN SENJUNTICHAI, D.Eng, 104 pp.

The objective of this study is to reduce cycle time in printing and coloring
process with respect to the minimum total cost that related with color setting process.
The bottleneck process which is the color setting is firstly identified and the potential
factors are secondly defined. The experiments are then finally designed and
implemented based on three important factors which are the setting time, setting
temperature and solvent viscosity. The total cost is recorded as the response of the
experiment.

The suggested values that minimize total cost by the general linear model (GLM)
and by the response surface methodology (RSM) are the same for the setting time at 50
minutes for 500 colored parts (6 seconds per part) and the viscosity at 1.2 poise but are
different for the setting temperature. The optimal setting temperature at 35 °C suggested
by RSM is more preferable than 45 °C suggested by GLM due to lower cost of energy.
Under the optimal conditions, the cycle time is reduced by 16.7% from 7.2 to 6 seconds
per part. Under this optimal condition, the total cost is 0.37 Baht per part which is less

than the current total cost of 0.38 Baht per part

Student’s Signature

Field of Study : Industrial Enginering Advisor’s Signature
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anpL quunilunisando | warlunisegn | Auulinged Andau
NINAASY | 184A (B9ANEALTHA) | FTevd (W) | @ (Weed) RNGE
45 75 40 1.4 0.67
46 55 20 14 100
47 65 50 1.4 0.87
48 55 30 18 0.60
49 55 10 12 0.93
50 35 40 12 0.00
51 65 20 16 100
52 35 20 16 100
53 55 10 1.8 1.00
54 65 10 14 1.00
55 65 40 18 100
56 35 30 18 100
57 35 40 1.4 0.00
58 45 30 12 0.00
59 65 40 16 1.00
60 55 30 1.2 0.00
61 45 40 1.4 0.20
62 35 50 12 0.00
63 55 20 16 0.93
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anpL quunilunisando | warlunisegn | Auulinged Andau
NINAASY | 184A (B9ANEALTHA) | FTevd (W) | @ (Weed) RNGE
64 35 40 18 0.80
65 45 40 18 0.73
66 65 30 16 0.93
67 75 20 1.2 0.73
68 35 20 14 0.20
69 35 10 1.2 0.40
70 75 20 1.6 0.87
71 35 30 14 0.40
72 45 20 1.2 0.33
73 35 30 1.2 0.73
74 55 30 16 100
75 35 20 12 0.00
76 65 10 18 100
77 45 10 18 0.93
78 65 50 1.2 0.20
79 45 40 16 0.60
80 65 50 18 0.27
81 55 40 18 0.40
82 55 10 16 0.73
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anpL quunilunisando | warlunisegn | Auulinged Andau
NINAASY | 184A (B9ANEALTHA) | FTevd (W) | @ (Weed) RNGE
83 65 30 18 100
84 65 10 12 0.40
85 35 10 16 0.93
86 55 50 14 0.20
87 75 20 1.4 0.80
88 45 10 14 0.87
89 35 50 14 0.00
90 75 30 14 0.87
91 75 10 1.4 1.00
92 65 20 14 0.80
93 45 20 18 0.80
94 45 20 16 0.80
95 45 30 14 0.00
96 55 50 12 0.00
97 65 50 16 0.87
98 75 20 18 1.00
99 75 50 14 100
100 55 50 1.8 0.07
e 0.57
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65 45 40 1.8 0.73 0.24 0.0005 0.45 9.73 10.43
66 65 30 1.6 0.93 0.17 0.0001 0.71 12.56 13.43
67 75 20 1.2 0.73 0.09 -0.0004 0.76 9.85 10.70
68 35 20 1.4 0.20 0.09 0.0000 0.05 255 2.69
69 35 10 1.2 0.40 0.02 -0.0004 0.05 5.06 5.13
70 75 20 1.6 0.87 0.09 0.0001 0.76 11.64 12.49
4 35 30 1.4 0.40 0.17 0.0000 0.06 5.12 5.35
72 45 20 1.2 0.33 0.09 -0.0004 0.23 4.30 4.62
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73 35 30 1.2 0.73 0.17 -0.0004 0.06 9.39 9.62
74 55 30 1.6 1.00 0.17 0.0001 0.54 13.28 13.99
75 35 20 1.2 0.00 0.09 -0.0004 0.05 0.00 0.15
76 65 10 1.8 1.00 0.02 0.0005 0.48 13.09 13.59
7 45 10 1.8 0.93 0.02 0.0005 0.17 11.93 12.12
/8 65 50 1.2 0.20 0.31 -0.0004 1.03 2.79 413
79 45 40 1.6 0.60 0.24 0.0001 0.45 7.96 8.66
80 65 50 1.8 0.27 0.31 0.0005 1.03 3.71 5.06
81 55 40 1.8 0.40 0.24 0.0005 0.81 5.45 6.50
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Silglal RG]
82 55 10 1.6 0.73 0.02 0.0001 0.33 9.49 9.84
83 65 30 1.8 1.00 0.17 0.0005 0.71 13.46 14.33
84 65 10 1.2 0.40 0.02 -0.0004 0.48 5.23 5.74
85 35 10 1.6 0.93 0.02 0.0001 0.05 11.81 11.88
86 55 50 1.4 0.20 0.31 0.0000 0.90 276 3.96
87 75 20 1.4 0.80 0.09 0.0000 0.76 10.75 11.60
88 45 10 1.4 0.87 0.02 0.0000 0.17 11.07 11.27
89 35 50 1.4 0.00 0.31 0.0000 0.06 0.00 0.37
90 75 30 1.4 0.87 0.17 0.0000 0.81 11.75 12.73
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91 75 10 1.4 1.00 0.02 0.0000 0.62 13.23 13.87
92 65 20 1.4 0.80 0.09 0.0000 0.59 10.61 11.29
93 45 20 1.8 0.80 0.09 0.0005 0.23 10.32 10.65
94 45 20 1.6 0.80 0.09 0.0001 0.23 10.32 10.65
95 45 30 1.4 0.00 0.17 0.0000 0.42 0.00 0.59
96 55 50 1.2 0.00 0.31 -0.0004 0.90 0.00 1.21
97 65 50 1.6 0.87 0.31 0.0001 1.03 12.07 13.41
98 75 20 1.8 1.00 0.09 0.0005 0.76 13.43 14.28
99 75 50 1.4 1.00 0.31 0.0000 1.49 14.38 16.18
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answaainiladauanae anmgiluniseanfaae9d wanlunisansiaresd uazadumuiln
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AN P-value Haeindn 0.05 warliianinavasiladasanndenasasiuyusonlunscuounig

aznildadnAy
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AN9197 5.1 N9atAzinan1aaaadlaalduuuanaaadaduiall

Factor Type Levels Values
GRIVEFY fixed 5 35, 45, 55, 65, 75
LA fixed 5 10, 20, 30, 40, 50
AN fixed 4 1.2,1.4,1.6,1.8

Analysis of Variance

Source DF SeqSS AdjSS  AdjMS F P
GRIV R 4 280.49 28049 7012 4.99 0.002
1987 4 464.80  464.80 11620 828  0.000
AYNUIA 3 779.23 77923  259.74  18.50 0.000
HUNNN*1IA" 16 170.93  170.93 1068  0.76 0.719
goIMNR*ANYLEA 12 303.60 303.60 2530  1.80 0.075
WA AN 12 199.52  199.52  16.63  1.18  0.321
Error 48 674.01  674.01  14.04

Total 99 2872.58

S =3.74726 R-Sq =76.54%  R-Sq(adj) = 51.61%

1) NN9IATIRABLNITNTZANLFILLLLNA (Normal Distribution)
AINNNFNATUINIINTZANLYBIANANAG IUNITNAZBUNITHANLAILLLUNR Lan L

(=3 ! =

Wi qadansurBasiuiiudunssasarnnsoiiunagdlfdnAinnfteinisnszanauan
wasiiluilng inWidszanaldidndeyaiinnsuanuasuuuinfdauanslugii 5.1
2) nmenszansvasdeyaiiiudasesianu (Independent Distribution)

AINNANNINAABIANNIIDNNNNTRIIadaLlFnsnszasaedayailiudasssaii tne
ANTUNANAN AN BAZANFLIIBIN1INARDBY (Observation Orders) NNAEUNTINAINNENNLE
4 ns . 4. A - v : .
feazlinavAsuanslugdin 5.2 Wenansnsnszanaaesiiaygs wWudInNInszanafazes
ArenAaNgluuLniiugasy lidgduuunuiuen vise ldannsadssunnugununuiueul s

wanaliiiudanisnszaeuesiiayaiiluaasysianiy
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3) AuNLUsU9uUWInTu (Equality of Variance)
nizagradauANLlslsuansonssenlAlaedauns A NdNRTuEIEugNa
FmNANe wazAaAtTatHan ImaaesluLAazaN19Y (Fitted Values) ilamsaagauaany
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A NdNRusIasfuumnlunsziaunniiasaniladens 3 Tadt TaHaaINN1TIAIZING
nmaaedingEin1suRaNaneL (Response Surface Method; RSM) wandl#iidiugn &

o o

INENANENARINANNANRUS NNAIUTN299A1 1UNTTAAI1893 AITHUTLATRNA LAZANAS

v
o ]

A89789ANULATaA TN R nasafuusnlun sz uauNNset 1 TE A ATYNI9A R AN
LA 0.05 LHa9AINHAT P-value Hatndn 0.05 waslidansnasasgungilunisnsianes
al o 1 dl ] 1 % ] al o o o aad‘ [ o
Auay tTadusannasnasasiuyusnlunszuaunisad sl d1Atyneatifnszay 0.05 A9
wanslun999 5.3 uazlfuuuanaasiuansianauduiusrasfiuyusanlunszuaun1sfg
wansuannish (5.1) Nauatunsolunauasiuyuenlunszuaunslisenay 52.76

FangngldanArdndss@ansnissnaula (R-Square)

fuvueanlunszuaunis = - 64.229 - ( 0.320 x fuUYN uNERAI8R) —
(0.599 x Lfmﬂumimmﬁqmmﬁ) + (108.932 x AN
wlA193A) + (0.004 x RruUNRlUNIFLERFAIIB9R") +
(0.002 x WA luNTERFUa9R") — (33.233 x AN
wilpee9d%) + 0.003 x (QUNHIUNTEAFIIBIE X
nanuNsEAFAR9e3A) — 0.029 x (ruunilunisws
FU898 x ANULALESA) + 0.112 x (1981 luNNTwER

Fn2898 X ANUTIALR9R) (5.1)
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a A 1 % = a G| a % | dl v a {
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ANLLsUsin O RANAgsa (Stability) Teansnsaudnalinase i



78

1 v
AN9197 5.3 N99LATILINANIINAaadlas 1 E3sn19NURINAR AL

Term Coef SE Coef T P
Constant - 64.229 25.5932 -2.510 0.014
LI RN -0.320 0.3213 - 0.994 0.323
19AN - 0.599 0.2559 -2.340 0.021
AU 108.932 30.1712 3.610 0.001
BN QUNNN 0.004 0.0023 1.530 0.130
IAT*1IAN 0.002 0.0023 0.987 0.326
ANTNVLAANNMILA - 33.233 9.7074 -3.424 0.001
NN AN 0.003 0.0019 1.419 0.159
gMnR*ANMLA - 0.029 0.1228 - 0.239 0.811
AT AN 0.112 0.1228 0.911 0.365
S =3.88296 PRESS = 1663.03
R-Sq =52.76% R-Sq(pred) = 42.11% R-Sq(adj) = 48.04%

Analysis of Variance

Source DF Seq SS Adj SS Adj MS F P

Regression 9 1515.62 1515.62 168.402 1.17 0.000
Linear 3 124515 329.29 109.764 7.28 0.000
Square 3 226.70 226.70 75.567 5.01 0.003
Interaction 3 43.76 43.76 14.586 0.97 0.412

Residual Error 90 1356.97 1356.97 15.077

Total 99 2872.58

1) NN9RTIRABLNIINIZANLFILLLLNE (Normal Distribution)
ANNNIMNLAANNNIATIAFRLNTUAN LA NATRIAANANAILARSTUZLN 5.6 uanalii
3 1 a o = o (<] 7% = o Yo 1 % =
Wi qaRansuzFasiuiudunssasarnnsnoiiunagdlfidnAinndteinisnszanauan

1Y

wasiiluing vinTilszanalfdndeyainisuanuasuuuing
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Tusneinarlunisansiaresdianuduiusidsauniufiuyusslunszusunis Taaain
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Usuufuan (R-square  (ad))) ﬁﬁV’]’][ﬂ’?ﬂ’)"m@di@@’mﬁﬂﬂ’]ﬂﬁm?ﬂLL‘]_I‘]_|L°]J|uﬁ/u WE N ABIN
) 4
% o

senineAnAdNLszanEnisinaulanazAdutssdansnisnaulanusuunndonlfnasann
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Aunueanlunszuaunis = - 9.907 + ( 0.110 x GUUYH UN9ERAIT8A) —
(0.142 x 1A lUNTEAFI89A) + (10.973 x AN

NAUB9A) (5.2)

F1979% 5.5 uannsAn@ensautlsdingannisnanas

Step 1 2 3

Constant -8.135 -3.878 -9.907
AU 11.000 11.000 11.000
T-Value 5.100 5.590 5.960
P-Value 0.000 0.000 0.000
LAAN -0.142 -0.142
T-Value -4.570 -4.870
P-Value 0.000 0.000
RRIVE 0.110
T-Value 3.770
P-Value 0.000
S 4.81 4.39 4.12
R-Sq 20.96 34.98 43.35
R-Sq(adj) 20.15 33.64 41.58
Mallows Cp 37.90 16.20 4.00
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dngannisnnnas
Term Coef SE Coef T P
Constant - 9.9070 3.33542 -2.970 0.004
gl 0.1096 0.02911 3.765 0.000
1941 -0.1419 0.02911 -4.874 0.000
AU 10.9729 1.84132 5.959 0.000
S=4.11733 PRESS = 1761.33
R-Sq = 43.35% R-Sq(pred) = 38.68%  R-Sq(ad)) = 41.58%

Analysis of Variance

Source DF Seq SS Adj SS Adj MS F P

Regression 3 1245.15 1245.15 415.051 24.48 0.000
Linear 3 1245.15 1245.15 415.051 24.48 0.000

Residual Error 96 1627.43 1627.43 16.952

Total 99 2872.58
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3) AuuleLIuUWINGU (Equality of Variance)
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