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ABSTRACT 

One oj Ihe c1wllenges ill Ihe implemelllflfioll of TOIOI ProduCII\'e Mailllenallce (TPA'Q ill Ihe mamtjaclllrillg inr/uSII)' is a 
slow mal/agerial deci.\·ioll -making 10 re.\'fJOllt! Ihe cOlldiliol/ ill lite f OCIOI),. This "esearch illl'esligflfe$ Ihe (lII.nfers of Ihese 
challenges by (II1(I1)dl/g and modeling Ihe eq/dpmelll condilillll (/lui Ihe /·e.\'/JulISe oj (lcliom' reqllired ill {/ II'OU(Ie" (Joor 
1I/(lIlltjaclllring illd/lslIJ'. TPM implemelll(l{ion ill Ihis compOlly I/(/.~ deployed the O l'erall Equipment Effeclirel/e.r.\' (DEE) 
meaS/lrement as all il1dicalOr oj Ihe eqllipmelll 1IIi1i:atiol/ mill cOllflilioll. Through all (!!wiysis (lilt! modelillg oj the DEE 
mille obtained from the JacIOIl'. the JO/'lll/llOlioll oj A.uocimioll Rille I\ /inillg (A R I\ Q aims 10 fint! (J ntle IIml sholl's Ihe 
lI'ell comlmled I'e/(Ifiollship be/ll'ecllmemlll'llble i"dic(I(fJl'.f ofOEE lI'i,h Ihe re.l1xJllse of acliOlI reqllired 10 /{Ike ill cerwill 
cOlldilioll of machille II/ili:mioll. RI!SIIlts "IUaillet! fi'om ARM (Ilx cie /'{lte the dcc:;s;oll to eSllIhli.\·h ( III (lflPropriale TPM 
1I/(/IIl1gemel1l sirmegy based 011 the rulc.\', The generalcd dylltill/ic rule.~ foml lIml jilCililme Ihe pl'oces.\· oj deci,\'ion-moking 
by I'eiflled slCIkeholden;. Fllrthermore. reiy illg O/llfwse rilles Ihc (Icl iOll taken by Ihe company indllced 10 a high/!/' reliable 
fllld illcreasillg the effecl;l ·elle.H of 1'I!.VlOlIse WId efficicllcy uf lillie (lIItI emU, 

Ke)'lI'ords: Ol'e/'{/II Eqllipmelll Effectil'cllel·s. Association Rille .\lill;l/g. 0(110 Millillg. TOlal Prndllcliw Mailllcllwlce 

I. Introduction 

As one of the global company in wooden door lllanufacturing indust!'y, C II se lls hi gh-variation produc ts that arc fully 
exported across the world to fu lfill market demand. With limited number of mach ine and limited production capacity, 
this high-variation product ion leads to higher changeover rate in the main fac tory. To adjust the production machine from 
one type of product to another Olle, the m:lchine must be turned on' which resulted to a higher downt ime. E:lrly 20 15 data 
fro m maintenance department in C[ I shows that JJ% of p[an llillg p1'Oductio n time is the downtime. lli gher percentagc or 
downtime in thi s company resul!s to a slower production rate and higher overtime. 

In thct, C lI management has been implemented a Tot~1 Productive Maintenance (TPM) program to maill1ain thc factory 
p[,lI1t and its equipment. TPi'\,1 is ma nufacturi ng program designed primarily to maximize the eITectivencss of equipment 
by participation and mot ivation or the entire workforce [[}. TPr-,'1 strategy implemented in this company is a benchmarkcd 
stmtegy from a nother nmnufaclUring compa ny. But. due to lack o f human resources, the implemented strategy could not 
significantly affect the machine performance. According to these condition, there is a necessity to perform an improve­
ment to the TPM strategy in C II to make it fit and suit with company condition. 

The stmtegy developed in this research to improve the TPM in C II is predictive maintenance. This research focused on 
pred icti ve maintenance than other llw intenance strategy, [ike autonolllous maintenance and prevc nti ve nmintenance, due 
to the c~pabi l ity of dat~ mining technique ttl supports the development of pre{lictive maintenance to improve plant :l1Id 
machine condition in industry [2J . Usi ng measurable parameters when breakdown is eminen t, pred icti ve maintenance 
intends to make an intervention to the machine itsel f or rel~tcd factors before lwrmful events may oceur PJ. II mean there 
is a requirement of d:lla-drivelltechnique like data mini ng to process illJlulied data and make the pred ict ion well targeted. 

One of data mining tcehni([ues is Associat ion Rule Mining (ARM). Actually. the prototypica l application of J\ Rt--1 is 
market basket ana lysis to mine the sets of items that arc frequen tly bought together at a supcrmarkct by an:dY.ling the 
customer shopping, ARM has a capabi lity to show thc dependenc ies bClween attributes and define it in assoc iation rules 

Copyright C 2015 tESS 



I 
I 

An Applic:llion o f Associalion Rule Mining ill TOI:ll l'roducli ve f-.. 1:limcn:lIlee Strfllcgy: 
An f\nalysis and Modelling in Wooden Door Manuf.1cturing Industry 

f4]. ARM could cl:lrify the relationship between the pArameters .md the observed variable with the intervention response 
Ihat will be taken by the re lated stake holder and prcscnt it in a model consisted by associ:llion niles. 

Based 0 11 motivation abovc, the main obj ective of this research is to so lve the problem in CII with research Approach 
AS formu lated as: I) to identify the effecti veness of used machine. 2) to dc\'elop association mles of observed variables 
and intervention responses, 3) to develop a model of the m;lintenance strategy, The maintenance stralegy deve loped by 
thi s research aiTlls to support the decision-making process in mamlgerncnt of C II . and other related stakeholder likc 
nmimenallce depanmcnt. 

2, Met hodology of Research 

To accomplish the researc h objectives. a methodology was designed wilh rcsearch approach. The research methodology 
representcd in Fig ure I . 

( :; ) _, ~_!:~~c:\~ _-l L_~~~~C~\~ __ I 
!! 1 Collcctillg l)a'3 : I~ n~"\cbping r\llcs ::.....J 1Jweblllllg II 
.- I I II .... ] StrJh:gy : II I D!clll:lting OEE I t\ ssc~ing rules I I I I 
o I I I I ... I 
:.. I _ I II / TI'1I.1 / 1 

I / Ol!h Dala f--I- / Rull: s f--i-t StrJ'Cgy I 
_-I. _________ J L ______ _ __ I [ ... [ 

~_ l Em _I 

Figure 1. Ill'scarch W orkn llll" 

The research stans with the coll ecting machine cond ition data from mouldi ng machine as sample used C(lui pmelll. 
Then. the collected data processed with Overall Equipmellt EITecti veness (OEE) method to idcntify machine effectivencss 
as presented ill seclion 3. Afl erward, using Assoc iation Rule l\'l ining (ARM). the OEE dala assigned to binary through 
discreti7..1Iion and processed with apTiod algorithm to get nl lcs of elat;' as presented in section 4. To accomplish 3nl objec­
tive. the niles gOI from ARM developed to model to be evaluated and 10 show the association of mach ine condition and 
npplied management strategy in TPM as prese11led in seclion 5. 

3. Identification of Machinc Effcctiveness 

In order to answer Ihe first research objective. lhe calculation of DEE IS required 10 identify Ihe effectivcness of the 
moulding machine, T he moulding machine has becn chosen as research larget due 10 its importance as component pro fil er 
that make this machine has high ehangeovcr ratc. The data used in Ihis analysis is sccondary data collected from ell 
produclion department record. First, the data was processed with OEE measureme1ll. DEE is a key performance illde.>; to 
measure the effectiveness of the used equipment. plant. or 1l1llchine [5). T he fo n nula ofOEE is shown be low. 

Wherein: 
A : avai lability (%) 
Pe : pcrfonnallce efficiency (%) 
Qr : quality ralc (%) 

OEE=AxP x Q ( I ) 

t\\'ailability lIleans the actual available time 10 produce goods using A machine. Perfonnance rate shows Ihe products 
produced according to the avai lable time. Then the quality ra te concludes the good products produced along Ihe avai lable 
time into OEE score [6]. Each of Ihe fa ctors that compose the OEE formula can be calculated by processing production 
d:lIa and machine cond ition . 

A =OT+ POT (2) 

Wherein : 
OT : opcrat ing time (minutes) 
POT : planned opcrating timc (minutes) 
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Pe = RRR + IRR 

Wherein : 
RRR : real nUl rate (pieces/minutes) 
IRR : ideal mn rute (pieces per minutes) 

Wherein: 
GP : good product (pieces) 
Til : 10lal producl (pieces) 

Qr=GP +TP 

(3) 

(4) 

The calcul ation ofOEE shows l!tn t DEE ofC l1 mouldi ng mach ine on ly reac h 51 %, with avai lab il ity 67%, performance 
80%. and qual ity 98%. The comparison between Ihe calcu lation result wi th lIIa nu f.,c turing company avemge in the world 
and world-class standard defined by JIPM in Figure 2. shows tlmt DEE in ell cannot rcach world avemge mainly due to 
its availabil ity. To find out the causes of this availabili ty. a Si:ot-Big Losses assessment was conducted using data of 12 
days records 3S sample. P3Teto cl13rt that shows this assessmellt result shown in Figure 3. 
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Bascd on these assessmcnt. main c:luse of availability loss in Cllmoulding machi ne (about 73%) is setup and adjust­
ment loss usnally caused by stoppage due to pre-product ion set-up or cllilllgcover while in product ion time. or in lit is case 
as adjustment lime for clmnging cUller blade in moulding machine to lit demanded door componenl specification. A 
lishbone diagram to identi fy lhe source of llle problem of setup and adj ustmelllioss is shown in Figure 4. 

~ I .. 
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I .~ ....... 'dlft . .. d ..... 1< 

Figure 4. Causal-effect (Fishholle) d iagram 

OEE calculatioll. Six,Big Losses :ISseSSlllcnt. and source problem identification using fi shbone diagralll was aimed to 
identifying used machine condition. and provide a better visualization of current machine slate. In the ne.-.;t phase of Ihis 
research. a strategy to resolve the sollllion of this condition was developed using data processed in this phase and pro­
cessed with ARM. 
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4. Associ;ltion Ru le M ining 

The second phase of this research is deve loping mles using AR1111. AIt!\-1 start with mining frequent itellls with their 
support values using freq ucnt item mining :tlgorithm like Apriori algori thm. This algorithm works over numeric or non­
numeric data because the data itscl f wi ll be converted into code [4]. All of the attributes wcre pre-processed with di screti· 
zation in a certain range. Measumble par;Hlleter like DEE measurement result was converted into antecedent code. while 
response activities cOllverted imo consequent code. The data of each attributes was compiled and converted into di screte 
binary data. Then. aftcr combin ing the item-sets to co mbination 2·i tcIII sets up to 4· itel11 se ts. Apriori algorithm formed 
candidate item set, then it generated large item set consist of mles [7J. Each combination generally called as transaction. 

To case the combinat ion process using Apriori algorithm. every att ributes has been grouped into certain r;lIlgc and 
labeled through disercti.lation. Di scretization. also ca lled binning. cOllverts numeric attributes into categorical ones. Di s· 
crctizat ion c:m also heIr in reducinti the numbl!r of values for an attributc, especblly if there is noise in the numeric 
measurements \4]. The nleasurable parameter of 11loutdiug machi ne has been determined as mle antecedent. while re­
sponsc :Lctiv ities ofCllmanagclIlcllt has bee n determined as rule consequent. 

T a ble I H (A ntecede nt ) 1:lhe l 

If(Amcredent) 

l'ar:lInelcr Runge Lnbel I'n rJrnclcr R:mgc Label J>~rnmcter lhuge l..llbcl 

O·25~. DP SI 0·40 AI <90 01 

Setup and ,\dJU5trnent 26·50" . DT 52 ~0·60 A2 Onallty rollC (Or) 9Q·9S% 02 
pI.'f d~) 51·75'. DT SJ 

AI·;ulab,hty (A\')]'("f d3~· 
"'·90 AJ pt'f d:Ly 9S·m. OJ 

76·\~. DT 54 >9M. '" >99·\00"/. Q-O 

0·2S% DT "I 0·40 PI 0·40% 01 

Malcria tlld:Ly pef 26·50"/0 DT 1'-12 !'crfonna ll cc effi ciency 40·(j\J P2 4\·60% 02 
day SI·75'. Dr MJ (I'e) Occnm:ncc]'("r da~' 60·95 Pl 

OEE Ilcr day 
6]·8S~. OJ 

76·\O<r.. DT 1'-1-l >S~. " >850 • Ol 
0 " I 0·5 x CI 

nrcak [)oUT! ]ler day I, 112 Se tup Qc,urrence I"'f ,b y ('·IS ~ C2 
>1, IIJ > tS ~ CJ 

' DT" ])o\\T! Time 

The used attribute in anh .. "Cedem code is determined according to the DEE calculation of field data. While according 
to the requirement analysis using fi shbone diagram in previous phase. the response target has been determined into thrce 
object: the moulding machine itsdf. the machine operator. and the used mcthod included thc implemented production 
stra1egy. The response acti vit ies has bcen classified by defining the source prob lem into an actionnble activit ies. as pre­
sented in Table 2. 

Table 2 Thl'll ( con Sl.'Il lI l.' n t ) Illhel 

TIleu (Conscqucm) 

ResporlSc Illrgcl ItI:spome aCli\'itic$ Label 

Targclro Machine Moniloring Xt 

Machinc Full Performance Monitoring X2 

I'tanlled MainlC:nanee XJ 

Opennor E\,alu:Ll1on VI 
1'-bn OperalOr Shifting Y2 

Operator Training YJ 
rri ori ti ~e One Type PmdLLcl ZI 

Method WOfI;·Order E,·a lu:Llion Zl 
MUl1agcmCTII 1'-kctmg Zl 

The resu lt of discretization then has been represented in binary database. A binary database is a bi nary relation OJlthe 
SCt of tids (transaction identifiers) and items \4]. Ifce rtain value in an attributcs has been qualified into certain disc rete 

the va lue wi ll be represcnted as tnte value ( I). while the rcst of other range will get fal sc value (0). The example 
bi",,,. lObi, is presented in Tab le 3. 
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Availabil ity 

65% 
74% 

53% 
81% 

55% 
84% 
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T:lble 3 Availability score rCJlrcsented in bilmry tahlc 

0·40 40-60 60-90 

0 0 
0 0 I 

0 I 0 
0 0 I 

0 I 0 
0 0 

>90% 

0 
0 
0 
0 
0 
0 

To generate the ru les, each antecedent has been combined with consequent, with limitation 4-sel combination. The 
example ofantecedenl-conscquel1t combination is presented in Tab le 4. The resu lt of this combinat ion is 30228 rules. 

Tuble 4 Cilmhiualillll of:llltcccdcnt ,\ -I'-Q :Iud consctlu cn t X- Y-Z 

2-sel combinalion 3-scl combination 4-sel combinalion 
A I----X I A I-PI_XI A I-PI-Ql-X I 
AI-YI A I-P2_Y I A I-P I-Q2 - YI 

A3-Z3 A3-Q3-Y3 A3-P3-Q3-Z3. 

Although there arc ma ny rules obtained, most of the rules were discarded or e li minated due to their low value with 
nIle assessment. Rule assessment is a method consist ufdi ffen:nt rule interestingness measures to quanti fy the dependence 
betwecn the antecedent and conSC<luent [8]. There are 4 measures lIsed in thi s assessment : support . contidenee, lift. and 
bond. As example an association rule X _ Y, where X is anlt!cedcllt and Y is consequent . the support (sup) of til is nile 
is defined in (5), With It(XY)1 is a total of transaction contain both X and Y in a combinat ion, Relati ve support (rsup) or 
support value compared relatively to the size of database was defined in (6), wi th IDI is a total of transaction in databasc. 

sup(X _ Y) = Stlp(X n Y) = IIXYI 

r sup(X _ Y) = sup{X n Y) IIDI 

(5) 

(6) 

Confidcnce (crm/) of a nI le is the cond itional probability that a transaction contains the consequent Y given thai it contains 
the ,lIltecedent X. 

conf(X --> Y) = sup(X n Y)/SIlIl (X) (7) 

Uft ofa rule is a ratio of the observed joint probability of X and Y to the expected joint probability if they were statistically 
independent. 

Iift{X - Y) = cOllf{X - Y) /Sllp (Y) (S) 
Bond shows the strength of ilem SCI wilh comparing conjunctive (combination contain only true value) and disj ullcti\'c 
(Iotal of all combination) of each tmnsaction. 

bond(X _ Y) = COlljzHlC(X n Y) / ciisjzmctive(X n Y) (9) 

Usi ng trial and error method, the user threshold has been determined. The minimum relative support. confidence. 
lift, and bond used in thi s research is 0.2, I, 2, and 0,2. By using this threshold, the rule assess ment was resulting 83 
qualified mles. Table 5 below shows the summary of top 10 <Jualifi ed nIles ranked by bond, 

Tallie 5 TUII 15 fUIeS nll1kt'd h y bond 

If('\Ulcccdcnt) 'nlen (Consequent) 
oi'. ,s'P Conf lin Bond 

t- Condition 2" Condition )'# Condilion Rcsponse 

0.25 1,00 2,22 1.00 OE[-I0-6O% Work-Order r:.valuation 

2 0,30 1.00 3,33 1.00 OEE 60·SS% 
One-TyJlC FocIIsiug 

Production 
3 0,30 1,00 4,00 1,00 OEE <40% Management Meeting_ 
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4 0,30 1,00 2,22 0,67 Setup Occurrcnce I· Targctcd f.,·l:Ichinc 
5, mOnitoring 

5 0.30 1.00 2.50 0.63 A\'40·6~. I' lanned l\laintenancc 

6 0.30 1.00 2.22 0,57 SCHIP Occurrcncc 6· OEE 40·(,0~u Work·Order EVllluation 
15x 

7 0.30 1.00 J.J3 0,50 i\\' 6O·H5% OEE fiO·R5% 
One.Type Focusing 

l'nuluction , 0.30 1.00 2.22 0.50 
SC\UI}OCcurrcncc I· 

OEE60·85% 
Tnrgctcd Machinc 

5, mon itoring 
9 0.30 1,00 2.22 0,44 Pc 60·90% OEE40·60% Work·Order [ \':llu:uiol1 

10 0.30 1.00 2.22 0.42 ScUll' Occurrence I· A\' 6O·R5°o T:lrgek'd Machine 
5, monitoring 

5. Maintcn:lIlcc Stratcgy Dcvc lopment 

Using 83 qualified nIles from AR1 ... 1 compm:uion, a model ofl1lainten:lI1ce strategy was developed. Basically. three types 
of 1ll3inten:mce exisl. n:lI11ely correcth'c. pn!\·entive. and prcdicti\'e maintenance. In this model. the antecedent of the n Iles 
consists of me as umble pammeters that describe the machine condition. up to three condition. while the consequent of the 
rules consists of responds to be laken if the condition in antecedent was occurred. 

For instance, if cond ition of the machine. in Ihis case mou lding machine. was showed OEE v:tlue 40·60%. then Ihe 
management shou ld conduct a work-onler evaluatiotl. OEE with v:l luc below 60% is lower thu ll world average OEE. 
ManufacllLring company with high changeover rate like ell maybe has low OEE due to the current work -order. So, to 
prevent further decreasing in OEE value, the work·order should be eva luated. 

Based 011 this model. improvemenl o fT Pr ... 1 strategy in C ll is expected. Usi ng the model as" 1001 to he lp in dec isioll 
lllaking process, management orC lI c.lII ll1ake :l decision easier to solve machine·related prob lems with consi dering th l.! 
qualified rules. T he imp lementation o r ARM to develop TI' M stra tegy is very potent ial. To imple metH ARM model to 
develop TPM strategy fo r olher machi ne in ell o r even itt another rnanutheturing company, the manage ment can change 
used allributes and d:lla in ARM so it will generated n tles that fit and su it wilh the machine comlition itse lf. The advantage 
ofthi5 model is generated dynamic n Iles thaI always updated by the d:Ha changi ng comparing to other Slratcgy develop­
ment tool like Analytic Hierarchy Process that uses slatic data (21. Besides that. as one of data mi ning techniq ue. the 
implementation o f AR.M to the T N ... I is a right choicl.!. due to its ability to handle big-data with high \'eiocity and \'olume 
thaI is genl.!r:ued by mac hine condi tion. 

6. Conclusion and Rccommcndat ion 

This paper presents a novel implementation o f data mining techniques \0 solve real industry problem cspecially in ma­
chine maintenance in a wooden door manufaeluring industry targeting moulding machine. The OEE ca lculat ion of mould· 
ing machine shows a machine availabi li ty loss due to low cflcctive ness caused by high setup and adjustment loss. The 
deployment of ARM using a' priory algorithm and genemtes 30228 if- then niles. Rule assessment has conducted to quu l· 
ify niles using user threshold to limit support, confidence. li ft . and bond valuc which resulted 83 qualified mles for pre­
dicti ve maintenance strategy. As recommendation. the model itse lf call be mounled 10 software. Using if· then m les gen­
erated by ARM . an if·e lse looping algorithm can be deve loped 10 11I0ullt the model to the so ft ware of mobil e apI's to make 
it morc user-friendl y, ne:< ible, and increase the usabil ity. The OEE measuremcnt ,lIld d:tta acquisition improved by 
USing sensor in the m .. chine. 
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