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ABSTRACT

Many categories of defects frequently occur in the production process of wire mesh used for
construction. This research has the main objective of reducing the amounts of defects in the wire mesh
production process by finding variables or factors in production which are related with the amounts
of defects occurring, and using the Statistical Design of Experiments Techniques to determine the
appropriate levels of factors for the production process. The procedure of this research started from
studying the wire mesh production process in the case study company and selecting a product for the
study. For the next step, the categories of defect were prioritized to select those which required prior
improvement using the Pareto principle and the principle of Association Rules. The latter were used
to analyze relationships between defects such as whether any kinds of defects occurred together, to
help reduce the categories of defects requiring study. The research found that there were two
important categories of defect which should be addressed as priority, type S, defect (the production
lots that occur type S, defect also frequently occur type S, defect as well) and type S, defect. From
there analysis was conducted to identify the causes of each kind of defect with a Cause and Effect
Diagram. A brainstorming session with the relevant personnel found that machinery settings were the
factors causing opportunities for the greatest amounts of defects to occur. The researcher then
collected data of detailed machine settings and defects which had occurred in the past. Correlation
Analysis and Regression Analysis were then used to identify the machine setting factors related with
the amounts of defects. The research found that the type S, defect was related with the factor X;, X

and X,,, however, the type S, defect was not related with any machine setting factors. Next is the step



of improving the process according to the type of defect. For the type S, defect, the three previously
mentioned machine setting factors were used in a 2" Full Factorial Design of Experiment to determine
the level of each factor in the production process that causes the least defects. The optimal parameters
for X,, X and X, were found to be 7, 50 and, 865 respectively. For the type S, defect, Poka-Yoke
technique was applied to solve the problem. Check sheet was developed and used to check machines
before weaving. In the final step, the work instruction for machine setting was developed to control
the employees to use the same working standard. The results showed that it was possible to decrease
the proportion of the type S,, S, and S, defects by 87.8% or 6.12 defects/lot, 96.4% or 6.7 defects/lot,

and 45.8% or 0.947 defects/lot respectively.
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Which items are frequently
purchased together by my customers?
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A1 2.2 MIaaTzranuulslsiuvesmsesnuuy 2°

Sum of Square Degree of Freedom Mean Square F,

Source of Variation
(SS) (d.f) (MS) =SS/d.f.

main effects
A SS, 1 MS, F,=MS,/MSE
B SS; 1 MS, F,=MS,/MSE
C SSc 1 MS. F.=MS./MSE
2-way interactions
AB SS.5 1 MS, F,s =MS,; / MSE
AC SS,.c 1 MS, ¢ F,.=MS,./ MSE
BC SSec 1 MS;c Fpe =MS;. / MSE
3-way interactions
ABC SSsc 1 MS ,5c Fipc =MS, 5/ MSE
Error SS; 8(n-1) MSE
Total SS; 8n-1
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Probability Plot of RESI : S1 (F&T)
Normal - 95% CI
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Residual Plots for S2 (F&T)
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Eﬂ 4.9 ﬂﬁmmmmsamiwzwmu@mﬁ’wwmsﬂ’agawmammu S, (F&T)

A r'd 9 o Ldy
1n31 4.9 AnNsonsIziHe 1aasil
AIATIVABUMINIZNYAIVLNINUIIUNA (Normal Distribution)
[l I~ a 1 1
vinnsanuiezlutuulndvesdauana1a (Normal Probability Plot) W11190%04
1 o < ] 1 Y] ]
druanadlunimiFesnatuur Tduiluduasslunszneeoninuendy wderdunudd Ia
=t ¥ o o a A~ .
unsunTuur Tdumsnszneantlunuulnd tagiioNasuINaNI1SNATOL Normality Test UD4
1 o 1 1 aa I 1
dauand1e asuaaslugy 4.10 WUNAIMATOUNIIADAVON Anderson-Daring 111 0.416 1az a1
I { o 4 < X 1 [ ] i
P-Value (11 0.247 NTLAUANUFDIU 95% H9A1 P-value UAININAI 0.05 LAAIINITATZIY
v 1 9 9 = (% A X a an dy Y
ArdIuAnA19Yetoya F&T Iminszieauuulnd deauyagiunidnalumsnadouilla
uaaaliiate 1.1
msnsaeuANUanssveIn N5y (Variance Stability)
1INNTINNITNTZNBUITIUANAIINUAINYNHIUIY (Versus Fitted) Y0IT0yaNAADL
(S, F&T ugil 4.9 azwumsnszaeaan limauua Tidula Seagil 1dndiuandreiimsnszae

% [ a ldg! (Y] VoA o "9 = ~
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Probability Plot of RESI : S2 (F&T)
Normal - 95% CI
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M30539a0uANMIUBa5 (Independent)
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MINHAMIIATIZHRIna1NIEAI aumsueratinuisaneLaz auyAg I

3 Y ¥ = Y =2 o A 1 o 1
UDIAUNG 3 ﬂizmmmmgﬂ@m ﬁmmmuﬂﬁ@a“lumumum"lﬂ

d
2) msnsizranuulsilsiu

a

d a 3 o w o
Lﬁﬂﬁﬁ]1ﬂhﬂ1iﬂﬂa@ﬁlﬁ8\1 1 1 ﬁﬁﬂ%ﬂ%WﬂﬂﬁWHL’)ﬁ11uﬂ1iﬂ@ﬁu\ﬂuuﬁ351ﬂ1'§@’q@ﬂ
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Iy 1 ' Yo & = Y o a s A 1 1
ﬂ\‘]ﬂflﬁuhlﬁ']ilTiﬂ'ﬁWﬂW Pure Error]lﬂ AU UVIN0IINITAATIZHINOUTENMAN Pure Error NOU
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mmsaunsienaNulsdsiu Taelisieazoaueinsinsziuenanlssnnuesmivi agil

2.1)  dmsimvesuanulumnndumivane (S)
a 4 a J 4
Wajlﬂﬁqgﬁﬂlf’]\‘]ﬂ'ﬁﬂiguqmWaﬂ38‘WUl!agﬂ’]ﬁ'Jlﬂﬁ’]gﬁﬁﬂjuslllﬂﬁﬂﬁ'luéllﬂqnﬂWﬁ]u LA
@ A = [~ Y1 A~ o ~ 3 o Y 1 !
ANMIT NN 4.10 G]f\ﬁlglﬁHIIWUTLN@NﬂTﬁWTﬂTﬁT]@a@Q!WfJ\‘] 1 1 W11W1Nﬁ1ﬂ1ﬁﬂﬂﬁgu1mﬂ1 Error
Aa

Sum of Squares (SSE) }@ #4111494141mouNIA1 Sum of Squares (SS) 1089 MszIuA1 SSE Tne

]
A o v

(3UNITUIN Interaction Sum of Squares NUDUAVFIFA (Highest Order Interaction) nouau i
Main effects Sum of Squares (Montgomery, 2001) IW312 119UATN3 81590 (Interaction) BUALN a3

Y L
mmu%ﬁmm&?maﬁaﬂﬂmummm (Interaction) JAWOUAVNGIN

65



9
[ Y

a 4 J
WUNIRANSAATIEHIZEINToUsE M SSE Ulﬁ}ﬁ]'lﬂwai'nﬁll'ﬂ\‘] 3-Way Interactions
Sum of Squares 19 ABC (8UATN3015IUUDI X, X, 10 X, ) 2-Way Interactions Sum of Squares Ao
AB (0UATNI813EHIN X, N1 X,) NU AC (BUATNIBITENIN X, N X,,) 1Ag Main effects Sum of

Squares Ao A (X,

{ a s 7
M13197 4.10 MIUTzAURANTZTNUINMINAGBIAEMIAATIZHANNLLTUTIMV0INANIN
< o o a
Taglrano Ui uIudmi S, (F&T)

Estimated Effects and Coefficients for S, (F&T) (coded units)

Term Effect Coef
Constant 3.125
X, (A) 0.097 0.048
X, (B) -3.543 -1.772
X, (©) -3.543 -1.772
X, *X; (AB) -0.804 -0.402
X, *X,, (AC) -0.804 -0.402
X, *X,, (BO) 2.836 1.418
X, * X, * X, (ABC) 1.511 0.756

Analysis of Variance for S, (F&T) (coded units)

Source DF  SeqSS AdjSS AdjMS F P

Main Effects 3 502423  50.2423 16.7474 * %
X5 (A) 1 0.0188 0.0188 0.0188 *  *
X, (B) 1 251118 251118  25.1118 *  *
X, (©) 1 251118 251118  25.1118 *  *

2-Way Interactions 3 18.6750  18.6750 6.2250 *  *
X, * X, (AB) 1 1.2928 1.2928 1.2928 * %
X, * X, (AC) 1 1.2928 1.2928 1.2928 * %
X, * X, (BO) 1 16.0894  16.0894  16.0894 *  *

3-Way Interactions 1 4.5667 4.5667 4.5667 *  *
X, * X, * X, (ABC) 1 4.5667 4.5667 45667 *  *

Residual Error 0 * * *

Total 7 73.4840
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@ { 1 3’/ g’/ 1 o a ¢ A
nasnnasalszuani SSE lTaudniv luduaeuds lazviinisdmsziive
Uszinmwansgnuvealisondnuazsunsniosgnalaseninanedoyaveswanou (S,) F&T
Tagivrsauuanizidasen la'ldgniii sz urani Error Sum of Squares (SSE) #9910113

a o ~ o A o F) [ ~ 1 [

AT MIUTEINARaNTENUNTLAUANNFNU 95% lananin1519n 4.11 wu Tade X, (B)

@ = 1 1 ' A v o o A @ A4 ] 1
1azads X, (C) UHaAoAINaNd U081 NN dIAYNIZALAMNIFOUY 95% (P-Value DN
0.05) TudIuouasNIe15 MUY 2 Ta98 WUNBUATNIONTEHINT90 X, tazilade X,, (BC) I

A = Y 1 Y I 1T W an 1 Y] dyd 1 1
P-Value 719 0.04 9108031 0.05 taad 1HHNU10UATNTO1521I1N 2 Tadeilinanonnanoy

v '
o v A o A

289U HAIAUNTLAVANNIFDNY 95%

9

A a 4 @ A
M0 4.11 mIdszanaransgnutazminazranuulsdsvvesidaelumsnaassniing
ABHANDY (S,) F&T

Estimated Effects and Coefficients for S, (F&T) (coded units)

Term Effect Coef SE Coef T P
Constant 3.125 0.4734 6.60 0.003
X; (B) -3.543 -1.772 0.4734 -3.74 0.020%*
X, (©) -3.543 -1.772 0.4734 -3.74 0.020%*
X; * X, (BO) 2.836 1.418 0.4734 3.00 0.040%

S=1.33894 R-Sq=90.24% R-Sq(adj) = 82.92%

Analysis of Variance for S, (F&T) (coded units)

Source DF Seq SS  AdjSS Adj MS F P
Main Effects 2 50.224 50.224 25.112 14.01

X; (B) 1 25.112 25.112 25.112 14.01 0.020%*

X, (©) 1 25.112 25.112 25.112 14.01 0.020%*
2-Way Interactions 1 16.089 16.089 16.089 8.97

X * X,, (BC) 1 16.089 16.089 16.089 8.97 0.040*
Residual Error 4 7.171 7.171 1.793

Pure Error 4 7.171 7.171 1.793
Total 7 73.484

Wu1eMe: * Aetlidondanuazduasnierduaudesiiinanetoyanans (S,) F&T 06143

[

WedAyNszauAMNFoIU 95%
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S=1.33894 R-Sq=90.24% R-Sq(adj) = 82.92%
ANT00TVIBANNKLYVOIAT R-Sq tag A1 R-Sq(adj) ¢t
1) R-Sq 90.24% U@AIIUUVII04 (model) ﬁamﬁaa%mﬂmmﬁuuﬂimm%yja
wanoy Nlnaiaandaulsiasued 90.24%
2) R-Sq(adj) 82.92% ilumiininnuminemileuium R-Sq uanafisAas uaumy

P~ o ) SR IA [ [ Y an J 1%
ngminnldweinsal 3anne e X, (B), Ja38 X,, (C) Hazduasnaeszrin X, nu X,, (BC)

v
‘L!EJﬂiﬂﬂ‘mif!EJ\‘l?HlJTiﬂi%}ﬂi1ww1£ii@ﬁlﬂ\1ﬂ1 Standardizes Effectsttazn31Mauu19e

< a 5 4 A v AA

Wunuulnaveswanseny (Normal Probability Plot of Effect) ons T UYIveNUNaNTZNL

aoAwanoy 1aonale awdaslugll 4.11 wazgal 4.12 awday

Pareto Chart of the Standardized Effects
(response is S1 (F&T), Alpha = 0.05)
2.776
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£ g
2
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I
T T T T
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Standardized Effect

31 4.11 nawnus Tanaaawansgnunuaeranell (S,) F&T

1 v o w

131 4.11 nundaveniinwansenuwnnaveuduiisdIAwy (Significant Line)
2 dA ' Y @ 1 v dy < o As R
Fanfon 2.776 1aunilede B, C uaz BC naaaniavens 3 tiiluilaveniinanedeyavena

U

o v

d' 1 9 Y axy 1 = )
@@UﬂWWUﬂTﬁL!ﬂﬁQ"Uﬂy‘ﬁﬂ’w’Jﬁ F&T agnunagdan
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Normal Plot of the Standardized Effects
(response is S1 (F&T), Alpha = 0.05)
9
Effect Type
® Not Significant
95 + W Significant
90 Factor Name
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80 mBC C Tension
70
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S s ms
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Standardized Effect

1 I a A
71 4.12 nanluarasnnuizihuninlnfvesnanssnuniaenanall (S,) F&T

=

1 < a < 1 v A
1n31 4.12 naluaasanuinaztlunnvlnfvesnansznuazmuNfdeniiae
o o a A 9 Y as Y v As A [
Suaudmil s, irumsutlasdoyanieds F&T laun dadehlinaniznuniauan e BC dau
Ta98NTUNanIzNUNINALAB B tiag C

Y

a Y Y1 o Aa 1 o o a A
AMNHANIIIUATICUUVNAU ﬁ']iJ']‘iflﬁ?iJllﬂ’Nﬂ%ﬁ]EmllWﬁ@]fJ%WU’JuﬁTViu S, NWIUNIT
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o v o [
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g

1) 1998 X, (B)
2) 11w X, (C)

3) OUATNIBITEHIN X, N X, (BC)

NANANMIAATIZHANNUYT15IY (Analysis of Variance : ANOVA) iianaaouauil

WA AYUoINaNIENUYD]99891NNIT00NULVNMINAADUFILHANDITIa NUAAIAINT N

'
o A

4.11 wunifaveiiinaneawanou (S) se1lisdAyiszaunToNY 95% Ao adenan
(B 10 C) 1ag suATn3e15¢1IN 2 ave (BC) 1He91ndini P-Value 1100031 0.05

Tumsnansananurunzaulumsadauuudiaos ansosaaulaldanal Sum of

2 ¢

1 7 = Aa MY Y Y A = o 3
Squares UDULADSWIU HINN 3 WA 1w laueduiin Sum of Squares NUN nazduilu

A @ v

P 0 w ' ° = v 2 o2
NIUNUANNUAIAYDY NN UIT NN ‘"l]\‘lﬁTllWiﬂﬁ?ﬂ]lﬂ’J1VI\1 3 WAIUU (B, C 1tag BC) ﬂ?]ii]gﬂﬁTﬂa
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pg luauMIuuuTIa09
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Main Effects Plot for S1 (F&T)
Data Means

B (X8) C (X10)

Mean
w
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. Y o o a A Y Y] Aas
E‘IJ 4.13 Main Effects Plot VONVIUANIUIUAIU S, ‘I/INﬂJﬂﬁLHJaQ‘lJ’EJ%IJﬁﬂ’JfJ’J‘ﬁ F&T

Interaction Plot for S1 (F&T)
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1 T T T ——nm
0- T T
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. ) ° ° a A ) Y ax
31] 4.14 Interaction Plot ﬂl@ﬁﬂl’ﬂgamu?umﬁu S1 ﬂw1uﬂ13llﬂaﬂﬂ16§aﬂ3mﬁ F&T

9031 4.13 ey 31 4.14 WU waveatlave X, (B) Jad8 X,, (C) azduaInaen

9 o [

senantlate X, nuilado X, (BC) dewansgnuesnitivdnynunano (S,) F&T 33doanaod

@ a ' Y Y
ﬂ‘lmWiwqmﬂmiwﬁmmuﬂi‘ﬂiauﬂluﬂnmu

2.2)  MmHaIAMIMUAINA (S,)

a 4 o a @
MsUszuamansznULazmMsIAs1zHaNuLlsdsiuvesdimi S, l%lsguaqug?la’;ﬂu

o a o o a : @ [ g’; a o {
AUMSUATIZF Iud i S, Fanaasluiide 2.1 asiunnramsiasizinuaasluaiieh 4.12
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2@ 111590 5211A1 Error Sum of Squares (SSE) 1A91ANA5IUYB4 3-Way Interactions Sum of
Squares 19 ABC (BUATN3815IUUDY X, X, 140 X,,) 2-Way Interactions Sum of Squares Ao AB
EUATNTOITLHIN X, NU X, NU BC (BUATNIBITEHIN X, AU X,,) AE Main effects Sum of

Squares Ao B (Xy)

{ a s 7
M13197 4.12 MIUTzNURANTZTNUINNMITNAGDEAEMIAATIZHANNLLTUTIMV0INANIY
< o o a
Tagirano U uTIUANY S, (F&T)

Estimated Effects and Coefficients for S, (F&T) (coded units)

Term Effect Coef

Constant 2.0705
X, (A) 0.7749 0.3875
X, (B) 0.2982 0.1491
X, (©) 2.1410 1.0705
X, * X, (AB) -1.0678 -0.5339
X, *X,, (AC) 0.7749 0.3875
X, *X,, (BO) 0.2982 0.1491
X, * X, * X, (ABC) -1.0678 -0.5339

Analysis of Variance for S, (F&T) (coded units)

Source DF Seq SS AdjSS AdjMS F P

Main Effects 3 10.5464  10.5464 35155  * %
X5 (A) 1 1.2011 1.2011 1.2011  *  *
X, (B) 1 0.1778 0.1778 0.1778 * *
X, (©) 1 9.1675 9.1675 9.1675 * *

2-Way Interactions 3 3.6595 3.6595 1.2198 *  *
X, * X, (AB) 1 2.2805 2.2805 22805 * %
X, * X, (AC) 1 1.2011 1.2011 12011  * %
X, * X, (BO) 1 0.1778 0.1778 0.1778 * *

3-Way Interactions 1 2.2805 2.2805 22805 * %
X, * X, * X, (ABC) 1 2.2805 2.2805 22805 * %

Residual Error 0 * * *

Total 7 16.4864
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a v A " Y 1 o a & A
71]Wﬂﬂ'li‘Wi]15il!'lm‘W'lgﬂi]i]ﬂ‘ﬁllllllﬂﬂﬂu'l]lﬂﬂizh'lmﬂ'l SSE Z‘T13J'l§ﬂ1/nﬂ1i'3m5'l$ﬂ!wd@

Y Y @ an 1 v A v 9
UszinamansgnuvedatenanuazdunsnI sz NateNlnadotoyaveInanol (S,) F&T
A o A g 9 [ A & a 4 J =) @ v
NILAUANULEDNU 95% blﬂ?\lallﬁﬂ\‘lﬂani'l\iﬂ 4.13 HIINNITAATIEUHNUN Ulllllﬂi]i]ﬂ!l;ﬁ%ﬂﬂ@]ﬁ

o v [

FBossvialaselafiinademmanovesaiitod N fiszAuANOIY 95%

A a 4 [ A
M3 4.13 MIdszanaransgnutazmiuazranulidiveilaelumsnaassniing
AONAADL (S,) F&T

Estimated Effects and Coefficients for S, (F&T) (coded units)

Term Effect Coef SE Coef T P

Constant 2.0705 0.3920 5.28 0.006
X, (A) 0.7749 0.3875 0.3920 0.99 0.379
X, (©) 2.1410 1.0705 0.3920 2.73 0.052
X,* X, (AC) 0.7749 0.3875 0.3920 0.99 0.379

S=1.10869 R-Sq=70.18% R-Sq(adj) =47.81%

Analysis of Variance for S, (F&T) (coded units)

Source DF Seq SS  Adj SS Adj MS F P
Main Effects 2 10.369 10.369 5.184 422  0.103
X, (A) 1 1.201 1.201 1.201 098 0379
X, (©) 1 9.167 9.167 9.167 7.46  0.052
2-Way Interactions 1 1.201 1.201 1.201 098  0.379
X, * X, (AC) 1 1.201 1.201 1.201 098 0379
Residual Error 4 4917 4.917 1.229
Pure Error 4 4.917 4917 1.229
Total 7 16.486

v
=

{ a 4
1NA1T 1N 4.13 FIUdAIWan1331A312¥A2101151)59U (Analysis of Variance :
ANOVA) Lﬁamﬁaummﬁﬁﬂﬁwﬁmmaqwaﬂswm‘usumﬂfafﬁ'amﬂmsaammums‘nﬂa’oufﬁq
wilaneisanud ifiTesefiinanemnaneudmi s, esrafiiod Ay fiszFunnuiTesiu 95%
iteaainnnilasufiAt P-Value 1nnn31 0.05
[ g‘; =2 [] 9 ) d' 9 Al o a 9
aqude higusoaiwaunmsuuudiaouie ldwensainvesnanoudil S, 1a

Lummﬂ"luuw%u"lmmmsamsw ﬂummu VIIJﬂ’J”IﬁJﬁWﬂﬂJ@fJN Hod wfg
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AN F&T yUgane il Coded Factors :

y/= 3.125-1.772 X, - 1.772 X, + 1418 X,,.. (4.2)

v
%

Y 1 1 1% . 1w < o
nail : gumsnIFmsunumdetenuy Coded Unit sgunusidansiflu -1 (61) uaz +1 (g9)

9
quNI F&T ﬂluq’ﬂﬁ}w UUY Actual Factors :

y ’= 80.8451 - 1.55978 Xp - 0.0726758 X +0.00141816 X 4.3)

1 4 o o a
y/ 809 MNOINTAVBINAADY (FIUIUAMNL S))
= 1 9 % [
X, MUN8D3 ANNIHE (Coded Value) 931938 B (X,)
= 1 9 % [
X, M908 ANNITHE (Coded Value) 991998 C (X,,)

1 9 v @ an 1 [
Xy MUBDS AMIITHE (Coded Value) V090UATNI 0152111911998 BC

U U 4' d' o Y A o a A Y 4'

4) mymmdadsnmanzassweilARadmduuauOIHTisaNga

4 o o a 4 1 H
wo'ldaunisiineralude 3 391avmsiangimamaneunmuizay Iasly

S o 1 H
WINFUMTHINHAAD UNIMNIZaH (Response Optimization) ¥94 1U511N53 Minitab 16 4azin1s
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d% A 2 o 1 [ 2 g I A a 9 am = ]
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X2 o a3 2 A I Y A a J
mﬁmmmi‘maaw&u‘u’JmJumamwmwnﬂmmﬂuﬂﬂ‘lﬂ LlﬂgluﬁlQﬁJTﬂﬂ1§’JLﬂ51$W‘lu

¥ a
9 v
QU IS

1" o a o a @ v o o Y a 4 1
Tuaouh 4.2.2 wundmi S, uazdmil S, Ianuduiusnuiuhld lumsimngimananey
{ o a e o o a o a U o o & ~
Mmmzansudurzdosdiasieinas iuiud il S, uazd vl S, 5IUAY A9 UIZADINNS
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a 1 a ' ' A I a :
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v 1

A 1 a sq ¥ <o C e
A1519% 4.14 M5 1me N 1gaan1 luWendu Response Optimization

Goal Lower Target Upper Weight Import
S, (F&T) Minimum 1 1 9.69481 0.5 10
S, (F&T) Minimum 1 1 4.68556 0.1 5
; X8 X10
NNl I
ur . .
0.97506 Low 40.0 650.0
— —
Composite
Desirability
0.97506
S1 (F&T)
Minimum
y =1.3286
d = 0.98092
S2 (F&T)
Minimum SN
y = 2.1462
d = 0.96344

Y
=

A A o A 1 o o a o a A a
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