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A Fuzzy Associative Memory Modeling for 
Production Equipment Status Assessment 

Taufi k Djatnn", Muhammad Raja Ih sanh 

. ' Post Grrl( lu~ t c DCIl:IMlllcnt of Agroindustrial Tcchnology, [, ,\TETA- II 'B, nogor, Indonesia, t:lUflk,(ljntnnrlj . illb.a~.id 
b Undcrgraduate Departmcnt of Agroindustrial Tccllllology, FATET A- IrO, l3ogor, Indollesia, 
Ilwh:I111llladr.U:1i I Illlj!, ilpp$, ipb.:u;.id 

ABST RA CT 
Gvemf{ Eqll;pmel1tl:..-.U"ecti l'el1ess or GEE is Ihe mOS I cOlIIlIIOlllllclhod to mcasure Ihe peJiorll1ollce afprodllCIiOl/ 
particlliarly 101' eq/lipmel1l slalus a.ue.Hlllelll . GEE comprises of Ihree elemcllls .IlIeh as (/I'oilabililY, perlOrll1ll11ce. 
alld qualilY. The three elell1elll.~ cO /lSisl of (II le(lsl 111'0 faclors \l'hich (Ire knflll'l/ as parts of Six /Jig Losses. 
lIoll'el'Cl', OEE ilself is mosl sujJiciel1l 10 pml'ide illforlllatioll 10 lriggers a proper JI1(1illlel1allCe response for 
perlormal/ce imprOl'emelll. Thi.l· paper proposed a lIIodel 10 de/erminc Ihe 1I/0;11I1:",IIICe S/(IIIIS of prodllclioll 
equipmel1l. FI/::y Anocialiw MemoT)' (FAAf) is clislomi:ed 10 II/ eet Ihe requiremelll for peliormillg al/alytical 
capability. Basically. it (llIalyses Ihe proporlion of evenl.I·lhal reduccd WI equipment's utili:alion which is c(lIIsed 
"ear~v byequipmenl. FAM aids Ihe (ls.~e.v.w/ell/IO mill' a relationship b('lll'een thelactors alld Ihe StaIllS. The 
model 8i1'(!~' 111'0 poillls ill hedonic .~cale 10 machine \I ,;th 111 '0 el'e/llS happel/cd cal/sed by Jllt/chi"e ilself. Thlls Ihe. 
condilion i.~ inlerprelable for Ihal machine mail/lellOIlCe reqll;remelll. J\lorlei impiemc/llob/e as one of modliles 
lI.red ill Ellterprisc Resourcc Plallning/or productioll improl'emem. 

KI.')'l lYmls: FII==J' jb'~'(x;iolil'e Mell/ol)', (Jrerall £qllip/JIel1l E.Di.!ctil'l!l1ess, Pel/OI7I1(IIICe Mcasurement 

L Introdu ct ion 
Controlling bccomes a pitrt of subjects in Operation and Production M.utagemcnt (OPM ) to achieve Ihe 4 
objectivcs of OI'M ns known as right quality. right qua ntity. right tillie and ri ght cost [! I. /\ produc tion systcm 
consist s of some input t~\ctors such as man, materia l. machine , information and capital. Thus, cont rolling the 
production factors becomes important thing to manage a good produc tion system espec ially production 
equipment or speci fi cally a machine. Often being a main Hlctor for producing goods, npproprinte controll ing 
method for industria l machine is needed, It can be done by implementing good anal yti es platform for perfonning 
the task. l2 1 nsserts Ihat well-suited analytical platlonll helps to optimi ze proccsses in industry. As fo r machine, 
it helps to keep mnchine stnys in good shape while in it 's mi ssion time. 

Total Productive f\'I"intennnce (TPl\'I) is n well-known me thod introduced by Nakaj ima Seiichi in 1988 for 
utilizi ng productio n resources and improving perform ance of a production systcm [3J. Nakaj imn Sciichi 
class ifies tOp tosses in production nctivmes inIQ si .... e:llcgori cs also known as Six Big Losses. Ovcm ll Equipment 
Effectiveness (OEE) is a mcthod for mcasuring performancc of a production part icu larly fo r equ ipment statuS 
assessment mnintenance based 011 TN"I mcthod regarding the Si x Big Losses [4J. However, there arc still 
limitation to tlse OEE ror nssessing machine smus condition as Six Big Losses comprises not only mnchine's 
f:'1 ult but al so other obstacle interfering production activity. 

This paper proposed nl110dcl nlles for assessing maintenance of production equ ipment stntus based on Fuzzy 
Associa ti vc Memory (FAM). This model only regards production losses c;\used by thc equipment itself. So the 
equ ipment status becomes measureable. Case study of this paper is a cup filling machine in dessert and 
beverages IlHlnut1tcturing company (PT X). The object ives of this paper is to formulate the assessi ng model 
based o n FAM and to assess cup filling machine condition in PT X using the model fo rmulated before. 

The rest of pnper is arranged as fo llows: mcthodology will be described in Section 2. Mcmbership function 
and tlte asscssing rules will be explained in Section 3, while result of Ihe measurement will be discussed in 
Section 4. Fina ll y, we provide the conclusion Of lhis paper in Sec tiun 5, 

2. Methodology 
As we explained befure, this research has two objecti\'es. The first objecti ve is to make an assessing model based 
on FAM and the second is to assess the machine' s condition us ing the model built beforc. Deta il of the methods 
is depietcd in figure I and fi gure 2. 
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Data used in thi s research is production records during t.,,!ay to June 20 14. Model is bui lt regarding 10 the data 
obtained. Th us the model is used to assess the nillchinc' s condition , Score of machiue' s condition is plott ed to 
chart wi th it's period oflll easurcmcnt (I S the a.'\ is. Afterward. thc tn,: nd of machinc's cOJl(lition series is ana lyzed 
using simple linear regress ion to obta in the sllloOlhing line. Corrciation is also calcu lated 10 arlfllyze the trend. 
Average score sumrmuiZ-es the in formation about condition of machine during one momh . 

3. Membership Fun ction and Rules 
Frequency and total downt ime duration ca used by the machine bec:l1lle parameters to assess machinc's 

condit ion. Membership runetions or frequency. tOlal duration. and machine's condition arc triangular ruzzy 
numbers. Frequency has 6 ruzzy sets. None (0, I ). Vcry low (0.1.2). Lo\\' ( 1.2.]). rvloderalc (2.3,4). High (3.4.5). 
Total duration has 8 fuzzy sets. Too Short (0.5,10). Very Short (5.10.30). Short (10.30,60). r ... lodcrate is 
(30.60.240). Long (60,240.360), Very loug (240.360.4S0). Too loug (360.4 ~O). r-,'Iaehine's conditi on has 5 fu zzy 
sets. Good (0, I). Fair (0,2.4). Qu ite unfair (3,5.7). Unrair (6.K 10). Very unfai r (8, 10). The mapping rul c is 
described in table 1 and table 2. 

Table 1. Mapping ruk s Tahir 2. ,\ l:tllping rules (l'lllltinued) 
IF 'I'm:N II' 1'IU::OO 

fro'!u.n.,· n untlon Condlt ton f'"'l o.n .. · Ilurallon Condi,lon 
N_ N""" Good !<.lodr::r.lIc Qun. Unf"" 

Too S""" f,,, '-"', <!un" Unr." 
VOl)' 5h<ln F." Modo"'to 

\'nylong Unr." 
S,"" F", Too tAflS Unf." 

Vny Lo .. · Modr::nllO f." Too Slmfl Qu .. o Unf.;, 

Coo, QUite Unfm VOl'';' 51>0" Quite Uofa .. 
Very long Q!lIIe Unf." S""" Quite Unf. ir 

T"" \.""g Unf." Ihgll Modr::r:lle Unr,,, 

T""Shon F." Lo"g Unr ... 
Very Shon 1" 1< Vory long Unr." 

SM" 10,;, Too Long Very unf"ir 
low Modmle Quite Unf.ir T"" Shun Qui,c Un,.i , 

"'"' Quite Unfair Very Shott Quite Unfair 
Vcry t..oog Unf." SM" Quil.Uda .. 

Too Lon" Unr.1I Very Ihgll Moder.te Unf." 
TooSlIon f ... Long Unf, .. 

Modo"uo Very Shon "-u Ve'')' l OOl> \·CI)· lIIIf ... 

SM" F,ir Too l ong Vcry unf.ir 

FAM applied matrix operation to nmp the antecedent and the consequent [51. The mechanism or FAM 
operation is depicted in Figure 3. The mapping rules were encoded into matrix M using correlation product 
encoding. Correlat ion product encoding was also used in operating the matrix M with matrix A to obt:tin Bn". 

Matrix B was derived from Un' using sum product method. This model applied winner takes all as 
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dcfuzzification method to obtai n the matrix crisp value from matrix B. The methods werc selected to avoid flat 

zone of resu lt. 

r ,\:\1 Ruk· 1 
f----(A,.B,) 

A - r '\:\1 R\lt.·~ -(A· .B) B _ DefuZZtflcatioll _ 

I 

f A.:\ [ Rut.·n r--(A. .. B,J 

.' igurc J. Model preparation now ch:lrl 

4. Result and Discussion 
Mac hine's condition is assessed according to downtime record during May to JUlie 2014. The graphs beluw 
show the assessment result , 
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Fi gure 4. i\ lachinc's co ndition 011 i\hly 20 14 

The highest machine' s comli ti oll score on th.1I day was plott cd to the graphs. Average score for m'lchinc's 
condition on May 2014 is 1.52 with its correlat ion valuc shows l1egativc value (-0.188). Thi s shows that machine 
ran in fair condi tion wit hout any concem shows dcclining ofmaehinc's condition. Negative correlation v:lluc is 
expccted on assessing mach inc's condi tion. 
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Fi gnrl' 5. i\ lachinc's condition on Junc 2014 

On JUlie 2014, average score ofmachinc·s condition is 1.28. Same wi th previolls month , it shows negative 
eorrclntion va lue which is -0. 125. [ t al so shows Ih:l t mach ine ran f<l irly without nny coneem o f worse condition. 
For instance during May to June machine maintenance was rcqui rcd. Perfonnance of machine during May to 
June 20 14 is also mcasured using OEE mcthod. The result shows OEE scores for May and June 2014 are 81.6 % 
ami 76.5%. Which this case shows declining performance of machi ne during those two months. positi ve 
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correlation value is expected in this measurement as it is on ly shown by result of measurement in June 2014. 
Average OEE score is still below the world s tandard which is 85% [6J. 

Comparing two measurement expl<lined before. lIl<lchinc's condition contributes insignificantly to it's 
perfOrrll<lncc. It is idcntifi ed by opposi te results shown by each measureillent. II also can be coneluded Ihal non­
lIlachine factor is the major problem interfering ClIp fi ll ing muchine's perfonmlllce in PT X. Factors affectiug the 
machine's pcrformance is explained using causes and effects diagram in Figure S. However. mach ine breakdown 
is a category which has tho.:: most fa ctors contributi ng to performance loss among those four :1ccording to Figuro.:: 
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This model has succeeded ill assessing machine's condition based on six big losses caused only by the 
machine itsel f. Thus it can be used as:l tool for supporting implementation of preventive lIIaintenance, as the 
preventive maintenance is drivcn by statis tics of machine 171. The model also lIIay be customized to mc~t the 
requircment of thc entcll)rise to suit the machine they usc. 

There is an adv.ulla!;;c of \Ising FAM as the assessment model compare to Reliability approach. Unlike the 
Reliabi lity method. FAM model proposed in this paper is independent to lifetime of maehinc fac tor. The 
c:llculat;on of Rel iabil ity invo lves operat ing time of machine and Mean Time l3efore Fai lure (MTBFlI6J, The 
result of assessment al so depcnds on MTnF sct in the fonnula. MTnF was defined as avcragc interval time 
bctween failures [6). Lifetimc of 1l1:1chine affected the machinc's pcrlormance[8J, Thus MTnF. which 
representing the perfon mmce of machine, should be adjusted in order to validate Reliability function used, 
Unless there will be a bias in assessing two machine wh ich one o f the machines is older than the other operating 
in same durnlion. 

S. Conclusion 
According to the assessment. machine ran in fair condit ion during observation. The average score and correlat ion 
value obt:lined from analyzing the timc series o f measuremcnt show improvement of machi ne's condition during 
Ihose two month. The result of lhis model provcd IIHlt machine contributed insignificantly 10 perlorm:mce Joss. 
which the opposite result is shown by the DEE score, in observation. This model is applicable 10 support 
maintenance strategy for machine used utilization and improvement. 
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