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##5071433121 : MAJOR INDUSTRIAL ENGINEERING

KEYWORDS : Silvering of Mirror / Design of Experiment / Completely Randomized Factorial
Design

PICHASHAN WETGHAKIT : EFFICIENCY IMPROVEMENT FOR SILVERING
PROCESS IN MIRRQR PRODUGTION.-ADVISOR : JITTRA
RUKIJKANPANICH, Ph.D., 123 pp.

The ebjecﬂyaa-'n{.mis research are 1o study factors that influence the
efficiency cf"'sﬁ#ed;}g phcass in mirror production. and to apply the design of
experiment {mE‘,i .technique to determine the appropriate parameters for silvering
process. The nife factors studied m the initial phase of the research were the
concentration of silver selution, silver solution supply rate, size of spray nozzle,
number of spray 'nuzﬂa.. _ﬁpray nozzle configuration, frequency of moving spray bar,
temperature of Dl water, DI water pressure and guality of DI water. From the initial
run, fixed cunceﬁtrati_nn of silver solutien, temperature of DI water and quality of DI
water, which are one-way factors, are eliminated from this analysis. In addition, 3
more factors relating to spray‘ nozzle are also eliminated from this analysis because
of high cost of investment. Consequently, there are only 3 main factors that are
applied--;aﬁl-pletely randomized factorial design which determines all characteristics
of Silvering process and verifies factors and optimal ¢mﬁiﬁbn5 from experiment
used as a s-landard of silvering process. Based on the results, the appropriate
factors and ﬁ:unditiuns for silvering process, with 0.05 = 11 significance level, are
silver solution supply rate 5 Liters/hr, frequency of moving spray bar 13 rpm and
pressure of DI water 3 Bar. When the recommended conditions are applied in the
actual production, the efficiency of silvering process is increased from 71.3% to

78.9% and the malerial cost of silver solutien is decreased 18.32.baht per.product

unit.
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( Metal coated drying )
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(Aircooling )
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(Base paint coating )
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(Base paint drying )
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Sn atom Snatom  Activation atom
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Scatterplot of Residuals versus the Order of the Data
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Scatterplot of Residuals versus the Order of the Data
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UHu 6 80.5 | 80.2 | 80. 4 8} 04 ' 816} 814 | 81.4 | 819 | 79.7 | 80.7
Wl 7 804 | 80.2 | &# 80 80.6% 811 823 81 0.8 | 80.8 | 81.7 | 80.8 | 81.1
Ut 8 79.9 | 80.3 | 80.9 }'80 2] 81 92 | ¢ 81.3 | 816 | 820 | 81.0 | 81.2
-l UKu 9 80.8 | 80.8 | 79.6" 8 792 ] 811r]4s0.2 | #8.47| 81.1 | 80.5 | 81.3 | 81.6 | BO6
& e 10 786 | 80.7 | 81.0 | 80.2 | 80277 81 1|80,3 | 816 | 80.4 | 815 | 81.4 | 81.2
& WY 11 80.2 | 80.1 | 80.7 [#79.3 ‘| 823 %1 | 81.6 | 81.1 | 80.9 | 80.2 | 80.0
% Ukl 12 80.4 | 80.1 | 80.2 | 80.2 [ 805} 813 812 | 809 | 815 | 815 | 81.9 | 81.2
3 wHu 13 80.1 | 81.0 | 78.0 | 79.4 | 79.4 ] 61.] 4,805 | 810 | 814 | 81.2 | 81.1 | 80.8
& ueha 14 80.9 | 81.1 {\79.37] 80.2 | 805 | 815 812 | 814 | 81.3 | 81.2
£ ueld 15 80.1 | 804801 | , ; 1] 814 | 816 | 820 | 80.2
WHY 16 79.3 | 80.9.] 608 | 80.1 | : 79.9 | 81.4 | 81.3 | 80.2
w17 80.9 | 80.1 | 80.7 | 795 | 3| 815 | 796 | 81.8 | 81.8 | 809
uely 18 80.4 | 80.8 | 80.4 | 80.5 | 80. . 0 | 812 |80 | 81.7 | 80.5 | 81.6 | 80.1
uelv 19 805 | 79.4 | 77.7.| 806 | 806 | 822 | 79.9 | 81.0 | 80.4 | 80.9 | 81.9 | 81.6 | 81.1
uehi 20 79.5 |_80. 798 |80 ; 8 | ™0 | 812 | 81.0 | 81.3 | 814 | 81.6 | 807
UrY 21 802.] 766 | 80.4 | B0.6 : ' | 8 {806} '81.7 | 80.7 | 786
e 22 80.5 |l 81i0¢] s 812 [181.2 | 81.0 /804 | 81.1 | 81.0
WY 23 794 1 6(81.2]81.3[81.2]816| 814 | 806
e 24 80.4 : 80.7
ARIMILEUNNIRTINIBIAINTS P e
— S ~
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ANNITNTNAADY 1 2 | 3 et "o | 6 L8 | 9 [0 ] 1] 2] 18]
BATINTAAIIRTARU(ART / To.) 45 | 45 | 45ufuddf-45 | A5 | -4b-4 45 | 55 | 55 | 55 | 55 | 55
NIRRT (FELAITH) 1 | 1 ' s a8 ~UAEEERERESE:
ANAULN DI(UNT) Tl A1 IRl 4 ¢ F 3. [ 4 2 | 3
N1TNAREIT 2 2 RS20 [N, T 2 2 2 2 2
W 1 79.3 | 799 | 799 7 86 7869|5704 | 80.7 | 81.0 | 80.4 | 80.8 | 81.5
ey 2 81.2 | 79.7 1 |86 4 | 794 | 79 81.2 | 80.8 | 80.6 | 805 | 81.8
ey 3 80.4 | 79.7 | 80.5/] 79 03 [ 79 A |'788 ), 77.7 | 815 | 80.4 | 81.7 | 80.6 | 81.3
e 4 80.4 | 79.4 6 |9 9,579 7 8.1 | 810 | 806 | 80.7 | 81.1 | 81.8
uelu 5 81.3 | 80.4 | 80.94 7 794 | 792 794 | 785 79.8 | 80.7 | 806 | 80.1 | 80.6 | 80.7
WHU 6 80.3 | 79.7 | 8Q A4 7957 7€ 789 79.7 181.1 | 813 | 815 | 808 | 81.0 | 81.8
WHu 7 80.5 | 80.1 6 |i79.8 | 802 792 | 78. 3| 803|808 81.2]81.1] 810
Ul 8 81.2 | 80.3 | 80.5 7 ‘ 0 1596 776 | 81.0 | 799 | 808 | 82.0 | 820
Y ) 81.4 | 80.1 | 80. 1 79,8 2 |"78.7 798 | 81.3 | 806 | 81.0 | 81.2 | 820
= Uk 10 80.4 | 80.5 | 79.8 | #9.6 4 1 80. 9| 790 8.2 | 800 813|805/ 813
g WeY 11 808 | 79.0 | 809 | 79.29 | 793 | 796 | 81.3 | 805 | 795 | 81.7 | 81.1
Wl 12 80.7 | 81.6
‘E uHy 18 80.2 | 81.0
& w14 81.1 | 80.7
£ wehi 15 81.7 | 81.0
uely 16 81.8 | 81.4
ueu 17 82.0 | 816
Uty 18 82.2 | 79.9
Uy 19 81.7 | 81.4
Uy 20 81.7 | 81.8
Wkl 21 815 | 81.3
ey 22 81.9 | 805
ey 23 81.0 | 815
WY 24 825 | 81.4
ANRIUIDUALLNNATIIUTRIANS '
0.63 | 0.49
ATV AULAY

1 ELL
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ANMIZNINARE B ] 16 | 17 39" | 20 24 | 25 | 26 | 27
EAINNIALANIATONM@RT (1) | 55 | 55 | 55 =65 | @5 | 664664} 65 | 65 | 65 | 65 | 65
NG RANTE(saLA) 13 [ 15 b 1 s a3 | 13 | 15| 15 ] 15
AYNII DI(UT) ] L T BURN2AR T T
NIINARBIT 2 2 N 2 2 2 2 2
WHY 1 80.9 | 80.3 | 80.2#1 8Q 82.1 1 14 | 80.8 | 81.6 | 82.2 | 80.9
el 2 80.9 | 81.3 ; j ‘ 816 . 81.2 | 814 | 81.3 | 79.3
W 3 80.7 | 81.1 | 80.24 7 7 e I 806\ 81. 14 | 812 | 824 | 81.7 | 80.1
weivd 4 806 | 80.9 | &0 1.4 822 [, 810 ["€ 81.7 | 81.2 | 80.0 | 79.8
Wi 5 80.2 | 80.5 | 80.6 10 7814, [ 809 809 | 81.4 | 815 | 81.3 | 79.7
WY 6 809 | 79.7 | 808" | 707 J 81.4(] 816 | 7 1.1 | 820 | 814 | 809 | 79.9
Wl 7 80.7 | 80.0 8 | B#1.6] 8104 816 2| 819 820 | 81.9 | 799
urlu 8 80.4 | 79.5 | 80.7 798 |"8). : 1. 809 | 81.3 | 820 | 81.6 | 79.5
by el 9 80.3 | 80.0 | 80.87| T 51 816 | 82.0 11809 | 81.5 | 824 | 81.7 | 804
& welu 10 824 | 798 | 81.3 1| 816 | 82 798 | 81.7 | 805 | 81.3 | 80.2
€ w11 81.0 | 80.2 | 80.8 | 81.3" 1 82, 80.3 | 80.8 | 81.4 | 81.9 | 81.6 | 80.2
el 12 80.5 | 80.2 | 80.9 | 80.9. {800 | 821 80.7 | 796 | 816 | 816 | 81.5 | 80.7
'% whu 13 80.4 | 801 | 79.7 |.800 | 812 | 821 ; 81.7_| 814 | 820 | 823 | 79.9
& WHY 14 81.0 | 804 |. 814 | 811 | 81.2 | . 5 | 815 | 81.1 | 826 | 80.7
- utha 15 80.1 | 79.8 | 818} 80.7 | 81 811 | 815 | 815 | 794
ury 16 80.3 | 79.2 80,6 | 805 | ¢ 67| 820 | 81.9 | 80.9 | 804
weu 17 80.1 | 80.5 | 808 | 81.3°Y 3| 804 | 815|821 818|792
Wk 18 80.5 | 79.9 '6 | 80.1 | 813 | 827 | 81.5 | 80.8 | B#2 | 81.5 | 820 | 80.6 | 79.4
wHy 19 80.4 | 80.3 | 81.1] .81.0 | 80.5 52.4 : 81.6 | 80.8
urlu 20 79. s 0 |8 0 | 4808 |.81. 81.7 | 80.9
WHY 21 80.47 79 7§ 81.0=[ 81.1] | /81 81.5 | 80.2
ey 22 80.% | 79 : 1.0 6+ 816" 81. 6! |81 381.0 | 80.9 | 81.0
Wi 23 80.0 |[*806 | 815 | 81.4 [ 80.6 |, 823 | 81.8 | 80.7 [ 80.8 | 81.8 | 81.1 | 81.0 | 80.8
wHv 24 8061 822 | 815 | 8 81.1 | 81.5 | 80.9.4'80.6 | 80.1

AN AIIINIBIAING | _
039 | 0.44 | 064 | 052 | 027 | 047 | 0.58 | 0.55
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amaz | gmsamisdae | mawdisn | mowdu | s Emmﬁﬁﬂ:nﬂj_ Uhiasaeme el | szozns | Uhinndud
¢ _ny,—-f'_, & ."ﬂf —= = | . 4 | Amlsz@nEnm

me | avesateu | awlsd | 1801 DI | vaaes _}r)ﬁ( Rl e 108 | Gernand | Whiiede (a8

neaed | (@me/au) | (Feumnd) | (und) 4 lunar)” F'-"jr‘f'{ﬁ JW} ‘ {@%"M} (wmg) | (un/me) T
1 45 1 2 1 ~4i5118'\ 0, [, 59 2.5908 842.46 92%
2 45 11 3 1 25908 | 842.46 81%
3 45 11 4 1 25008 | 842.46 79%
4 45 13 2 1 25908 | 842.46 83%
5 4.5 13 3 1 25908 | 842.46 7%
6 45 13 4 i 25008 | 84246 72%
7 45 15 2 1 2405 4| : 25908 | 84246 72%
E 45 16 3 1 550.449 4554 4.8 25008 | 842.46 66%
9 45 15 4 1 535.18475 4= 4 25008 | 842.46 64%
10 5.5 1 2 1 { 961.03025 | 6532 X 25908 | 1032.96 93%
11 55 11 3 1| 90923825 | 55321 5621 25008 | 1032.96 88%
12 55 11 4 1 “f| 84018225 55321 59 Ay 25008 | 1032.96 81%
13 5.5 13 2 ! '891.07425 | 65821 59| | 25008 | 1032.96 86%
14 5.5 13 3 1 59 | 25008 | 103296 80%
15 5.5 13 d Lo 4 . 4 59, | 425908, | 103296 73%
16 5.5 15 2 Wi 1.7 1908 W 59 | (25908l [ 103296 7%
17 55 15 3 Pl1 | 70207025 " 59 | 2508 | 1032.96 68%
18 5.5 15 | R 656.0325 § 55321 5.9 25008 | 1103296 64%
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AN 2.2 TNUgmEanmasauAIUssRnEnmnisARa LR (Me)

gnnz | dmmnnseny | powidsn | mowdu | s ﬂ?mmﬁ@ A3 swrnr | Vhoodui|
" — | | AdsE@ngnan
ng | éreezAulu [ awlsd | 990 DI [ neass I‘IE.%T Arnanlsd| Whledy __
! . —— MaAReLIEY
noaed | (@mg/9u) | (Fousnm) | () 9 ' (wmg) (HN/A7.3)
19 6.5 11 2 1 6 y BE N, T 5.8 25908 | 1220.51 87%
20 6.5 11 3 1 100982255 /|| 6.8365, W, TNn.5.9 2.5908 1220.51 83%
21 6.5 11 4 1 T £6.5369) ) ﬁ“ 2.5908 1220.51 79%
22 65 13 2 i 785 | | — 65068 \ . 5.9 25008 | 122051 79%
23 6.5 13 3 1 0848875, | 85365\ | \ 59N | 25008 | 122051 74%
24 6.5 13 4 1 8862196 * |/ 6 A Y 2.5908 1220.51 73%
25 6.5 15 2 1 4 g8, - 68865 5. 25008 | 122061 |  73%
26 6.5 15 3 1 17.463¢ 365 9 25008 | 122051 |  67% |
27 6.5 15 4 1 770126 = 5.9 25008 | 122051 |  63%
28 45 11 2 2 776.88006 4"~ ~". 5.9 25008 | 84246 |  92%
29 45 1 3 2 713579257 i) | - 4 5.9 25908 | 842.46 85%
30 45 11 4 2~ | ~Orsamers. | Y4k 25908 | 842.46 80%
31 4.5 13 2 s = 25008 | 842.46 79%
32 45 13 3 2| 65027775 25008 | 842.46 7%
33 4.5 13 4 609.99525 - 25008 | 842.46 72%
34 4.5 15 2 £627.25925 842.46 74%
35 45 15 3 g o | ? 25 o 842.46 68%
36 4.5 15 4) | | 842.46 62%
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annz | dmmnisde | mowdienn [ oy | me | ianciBuiBe | nosarieet | genudales | srezms | Uiinodui ”
me | erseranlu [ ewsd | aewi D1 | nases m‘rﬁﬁﬁlﬂ Muﬂ'lﬁﬂ “1=“loef  |Fernanlsd| Wieds mﬂﬁfﬁﬂm“

noaed | (@me/an) | (Feumnd) | (und) o . (#mﬂ‘l"ﬁm} <. (s ui) | (wme) (un/me.H) il
37 55 11 2 2 156821 . 50 25008 | 1032.95 92%
38 5.5 11 3 2 35,5500 59 2.5908 1032.96 86%
39 5.5 1 4 2 [ET N\ 59 25008 | 1032.96 81%
40 5.5 13 2 2 56321 5.9 25908 | 1032.96 85%
41 55 13 3 2 ;;33“1 6.9 25908 | 1032.96 81%
42 5.5 13 4 2 /.- 58321 59 25908 | 1032.96 74%
43 55 15 2 2 = 68N 5.9 25008 | 1032.96 73%
44 55 15 3 2 55321 59 25908 | 1032.96 69%
45 55 15 4 2 55321 5.9 25908 | 1032.96 60%
46 6.5 11 2 2 1081.87825 Tm— 5.9 25008 | 122051 89%
47 6.5 11 3 . 1024332 | 6535 | 50 | 25908 | 122051 84%
48 6.5 11 4 2 _| 989.80375 65365 | 685~/ 25008 | 122051 81%
49 6.5 13 2 2. /| 989.80375 6.5365 Bon| 25908 1220.51 81%
50 6.5 13 3 2 920.74775 6.5365 59 25908 | 1220.51 75%
51 6.5 13 4 2 | _ 863.201 6.5365 59 2.5908 1220.51 71%
52 6.5 15 2 ol a2y A ¢ D3RS 6.5365" 59 | 25008 | 122051 74%
53 6.5 15 3 ) : 2 311,143@?5 "l ¥ 65365 . ; 2595)8 122051 66%
54 6.5 15 4 2 74810725 76.5365 5.9 2.5908 1220.51 61%
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AEIUANAIITDINARDY

-l ] N i = =
A7 1N 8.1 H'\ﬂ’l“ﬁﬂﬁ"lﬂ (Residual) nmmasauANFHIEYUNEINGZAn

Treatment |Observed | Predicted | R Predicted | Residual
Value Value Value

1 771.13 | 774, 774.00 | 288
2 684.81 | 699:49w 99 58 19 | 1439
3 667.54 | 67048 - 120 . 0.42 2.88
2 69.32 | 679 " 905 | -17.26
5 64452 | 647 740 | 288
6 610.00 00 7z | 0.00
7 604.24 | 61 7.5 ‘ 061575 | 1151
8 552.45 i 863
9 535.18 | 5204 23 | 575
0 | 961.03 50 88.15 | -2.88
1 909.24 | 900 8 90061 | -863
12| 840.18 18 ) o 840 840.18 | 0.00
13| 891.97 | 683.34 711| 88334 | -8.63
14 822.92 | 828.67 43 | 82867 | 575
15 | 753.86 | 759, 75082 | 575
16 799.90 ) 77 23.02
7 702.07 §,_70% 0% @ | 575
8 | 65603 | 63589 ﬁ;w 2014
19 | 106461 | 197325 | -8.63 46 | 108188 | 1875.25 | 863
20 | 1012.82 | 1018585, -5.75 a7 )24.33 | 101858 | 5.75
21 i ' 51 | 51
22 78
7 | 90848
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A1979% 2.3 ANduANA1Y (Residual) NIINARBUAINITAZNBULA

Treatment | Observed | Predicted | Residual | Treatment|Observed | Predicted | Residual
Value Value Value Value
1 79.34 79.80 W 80.26 79.80 0.46
2 79.87 79.90 \ .93 79.90 0.03
3 79.10 79.75|, : A1 79.75| 0.65
4 79.89 79, ).14 1 79.75 -0.14
5 80.25 80.00 e — 80.00 -0.25
6 79.15 79 N 79.22 0.07
7] 79.36 70 Al 9.59 0.23
8 79.03 9 \' 9.04 0.01
9 7839~ 7 | 889  0.50
10 80.96 ; 9.09 105| 0.9
11 80.99 73| 0.27 73 -0.27
12 80.52 : 0.3 80.21 -0.31
13 81.01 81 EOET I 81.15 0.14
12 81.12]  122) 000k % BN 8122 009
15 80.23 80. e 80.37 0.14
16 80.51 80.33 80.14 80.33 -0.19
17 80.05 80.49] .93 80.49| 0.44
18 80.07 qui 0.23
19 80.40] < 0 0.30
20 815172, =B81.80] 0.29
21 80.20] ' /80.88 81.57 jilﬁoaa 0.69
22 80.86 82 0.04] 49 80.78 80.82 -0.04
23 ‘ 10
24 B1. 81.2 | 1 81 0.25
25 qln .39 81.49 011 52 81.60]  81.49 0.11
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A3 2.2 AdaunnAng (Residual) n'mnmMumﬁwmﬂqLuumnrfmﬂqn'lnﬂmzﬁ'ﬂuum

Treatment|Observed | Predicted | Residue bserved | Predicted | Residual
Value Value | ue Value
1 090 | o8 081 | -009
2 0.50 6 - 0.46 -0.04
3 0.66 63 | -0.03
4 115 80 | 0.5
5 0.36 0 035 | -0.01
6 0.51 55 0.04
7 0.84 ' 073 | -0.10
8 0.30 0.06
9 0.73 4 1 087 | o014
10 0.83 0.24 | 59 | -0.24
1 0.32 ; 036 | 004
12 0.47 69 gl © 0. 069 | 0.2
13 066 | 0. : ; 065 | -0.02
14 0.44 0.47 0.03 | 49 0.47 0.03
15 056 | © 055 | 000
16 0481 050 | 0.03
7 085 L]/, € 02 | 013
18 0.59 U". . 7065 | 006
19 062 [+<0.56 0.06 46 0.51 .56 -0.06
20 0.57 0.09 a7 039 | 048 | -0.09
22 || 0840|0740 L0 ; 0.7 0
25 | W45 | o4 | 003 50 0.52
54
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R340 2.4 AduRANANY (Residual) MmmagauAtlsz@vsnimninafauitu

Treatment |Observed | Predicted | Residual | Treatment|Observed | Predicted | Residual
Value Value Value Value

1 91.53%| 01.87%| -0. 92.22%| 91.87%| 0.34%
2 81.29%| 82.99% 70%| 82.99%| 1.71%
3 79.24%| 79.58% 99%| 79.58%| 0.34%
2 B82.65%| 80. 3  B0.60%| -2.05%
5 76.51%| 76. 732 76.85%| 0.34%
6 72.01%)|  72.41 32 72.41%|  0.00%
7 71.72% 09%|  1.37%
8 65.58%| 6 U66.60%| 1.02%
9 63.53%| 62. 68 62.84%| -0.68%
10 93.04% 7€ 28 76%| -0.28%
11 88.02%| 87, . 87.19%| -0.84%
12 81.3a%| @1.34%| Jo. 1.34%| 0.00%
13 B86.35%| 85 € 85.52%| -0.84%
14 79.67% -0.5¢ 80.22%| 0.56%
15 72.98%| 73. a, 73.54%| 0.56%
16 77.44%| 75.21% 08%| 75.21%| -2.23%
17 67.97%| 68.52 )8%| 68.52%| 0.56%
18 63.51% -1.95%
19 87.23 %| 0.71%
20 82.98%] —83. B346%| 0.47%
21 | 79.21%| | $015%| -0. 81.10%| [80.15%| 094%
22 79.21%| 8015%| -0.94%| 49 81.10%| 80.15%| 0.94%
23 4.00 7 7 75, 3% 1%
24 . 167 7187 %
25 We61%| 7355%| -0.94% 62 7450%| 73.55%| 0.94%
26 66.95%| 66.72%| 0.24 53 66. 66.72%| -0.24
2 0. A 2
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AnIus 4 nFEanueun ANNTASHBULA (%) AnaNTRNIEUBN
Hu (Rmg / 13.)
1 25
2 35
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