AN EFFICIENT DISCRETE EVENT MODEL OF UNRELIABLE

PRODUCTION LINES

Vassilis S. Kouikog lou

Department of Produ ction Engineerin g a nd Man agement

Technical University o f Crete

Ch ania 7 3100, Greece

Phone: +30 821 37 238, e - mail: ko uik@dpem.tuc.g r

Ab stract: T his paper develop s a discrete even t simu lation model o f p ro du c tion lin es with finite b uffers and un reliable machin es. Th e model is an exten sion of a co n tinuo us flo w model develo ped by D´An gelo et a l. [1] , which sim u la tes the system only wh en a machin e´s pr odu ction ra te is a l tered . The events causing chang es in th e prod uctio n rates are:

machin e fa ils or is repa ired a nd buffer fills or empties. During oper a tion between two events the sy s tem run s determini s tica lly. Thus given th e state of the sy s tem (mach ine c umulative production, b uffer levels, an d their st a tistics) at th e time of occurren ce o f so me event, the corr e spon ding state varia bles u pon the occurren ce o f the n ext even t can b e u p dated u sing ana lysis. The p ro posed mo del doesnot userepa ir even ts.Thisi s ach ieved b y consid erin g the m a chine d owntimes as tran sien t times in which no parts are pr o duced an d develo p in g more complex upd ate equation s. A n u m ber of numerical results verify th at the pr o posed mod el is faster than the mod el of [1] a nd extremely faste r th an a con ve n tiona l piece - by - piece simu lator.

Keywords: Discrete event simulation, p ro duction lines, contin uous flow models.

1. INTRODUCTION

Prod uction lin esarecommonly used in man u facturing sy stemspro ducinghighvolumes of a small number of prod ucts. A pro duction line is a serial arran gement of machines.

During the oper a tion of the lin e, a machin e may break down an d also the other machines are fo rced to stop p rodu c tion either immediately or after a few produ ction cy cles due to block age or starvat io n. To avo id d elay s in pro duction, storage spaces o r buffers are in tro duced between m a chines and ho ld semi - finished parts.

The problemof analy sis of p roduction lines entails the comput a tion of a number of perfor m ance measures, su ch as the e x pected th rou ghp ut, mean buffer levels, mean time in th e sy stem, u til i zation o f m a chines an d so on, which are related to pro fit. Marko v ch ain models are commonly used to analy ze production lines. Ho wever, exact results concern ing th e pe r formance measures can be o b tain e d on ly fo r lines with b uffers of zero or in f i nite capacities an d two - stagesy stemswith asi n glebufferoffinitecap acity [2].Fo rlongerlines, th e n umber of states of these mo dels grows g eometrically and the an aly sis demand s enormous computation al resou rces. A p pro ximate decomp o sition mo dels (see e.g. [2] and th e refe r ences th erein) are fast bu t often unreliable as far as acc u racy is concerned.

Co nventionalpiece - by - piecesimulation isanalternativemodelingtoolbu titspendsalotof time to ob serve th e tra f fic of parts at each machin e an d b uffer.

This paper develop s a hy brid simu l a tion/an aly tic model of prod uctio n lines by a p pro ximating discrete traffic by a co ntinuou s flo w. This model is an extension o f a contin u ous flow simu lator dev eloped by D´Ange lo et al. [1 ], wh ich simulates the sy s tem only wh en a machine´s p r o duction rate is a l tered. The events causin g changes in th e pro duction rates are: machine fails or is r e paired an d b uffer fills or empties. Th e state o fthe sy stemat each time i n stant compr ises machine p roduction rates and c u mulative p roduction, buffer levels, and their stati s tics. During oper a tion between two ev ents the sy stemruns determinist i cally . Thu s g iven the state o f the sy stemat the time of occurrence of so me even t, the state varia bles upon th e occu r rence of the next event can be upd ated usin g analy sis. The propo sed mo del does not use repair events. This is achiev ed by considering th e m a chine do wntimes as tra n sient times in which no p arts are produced an d develo p in g more complex upd ate equ ations. A number of n umer i cal results verify th at the pr o posed model is 10 - 40% faster than the mod el o f [1]an d extremely faster th an a co n ve n tional piece - by - piece simulato r, an d its erro rs due to the co n tinuo us flow approximation are very small.

2 . SYSTEM DESCRIPTION AND CONTINUOUS FLOW A P PROX IMATION

A prod uctio n lin e is a serial arrangement o f n machin es M

1

, M

2

, ..., M n

, with n ˘ 1 i n termed iate buffers B

1

, ..., B n ˘ 1

, as shown in Fig. 1. Wo r k pieces enter each machine in s e quence an d finally exit the last machine as finish ed pro d ucts. The p roduction line may b e open or clo sed. In open sy stems there is an infinite source of raw parts in front of the first machine an d an infinite sink for prod ucts at th e en d o f the line. If th e sy stemis closed, th e n

M n

and M

1

are co n nected throug h a buffer.

M

1

B

1

M

i ˘ 1

M

i

M

i + 1

M

n

B

i ˘ 1

B

i

B

n ˘ 1

Fig. 1 An open production line.

The sto rag e capacity of B

i is BC

i

< ¥ . Mach ine M

i requires 1/ R

M i time u nits to co m plete

each part.Hence,the nominal production rate of M

i is R

M i

. Themachinesareunreliableand

in cur failures caused by machine and tool d et e rioratio n or they may und ergo preven tiv e

maintenance after a sch edu led amou nt of p roduction. All these sto p pages are o peration -

dependent b e cause they occu r after a randomo r spec ific amo unt of pro duction. Other

sto ppages cau sed by exo g e nou s facto rs, such as power supply failures, can be taken into

a c count in th e mo del witho ut difficulty . To keep th e mo del simple we con sider on ly

operation - dependent fai l ures. Furthermore, we assu me that machine M

i survives the

pro duction of one wor k piece with probabi l ity 1 ˘ p

i or breaks down with prob ability p

i

. Let

F

i den ote the number of parts - to - failure of M

i

. Then F

i has a geometric d istrib u tion on 0, 1 ,

� with p robability mass fun ction P ( F

i

= k ) = (1 ˘ p

i

) k p

i

. Fin ally , we assume that the time - to - repair of M

i is an exp onential ran domvariable with mean 1/ r

i

, wh ich means that the

pro bab ility density function is g iven by f ( x ) = r

i e ˘ r i x , x ³ 0. The parameter p

i is the fa ilure

pro b ability and r

i the r e pair ra te of machine M

i

. Ho wever, the mo del admits an y oth er

distribution of up times and down times.

In add ition to failures, mach ines may be forced down temp orarily due to block age or

sta r vation. Machin e M

i b e comes blocked when it is ready to rele ase an itemto bu ffer B

i and

th e b uffer is full. Fo r ex ample, suppo se that machine M

i + 1 is slower th an M

i and that M

i

attempts to r e lease o ne itemto bu ffer B

i b ut the bu ffer is full. Then M

i stay s blocked u ntil

M

i + 1 releases its part d ow n streamand r e moves an itemfromthe bu ffer. Then, bo th

machines start pro cessing new items bu t M

i fin ishes its workpiece earlier an d becomes

block ed again. This altern a tion o f M

i between starved and busy states may g o on o ver a

lo ng period until some other ev ent cancel s starvation ˙ for example, a failure of M

i

. In a

dual fashion, the machine b e comes starved wh en it is ready to r e ceive an itemand bu ffer

B

i ˘ 1 is empty .

The mod el we sh all develop here appro x i mates d iscrete traffic by a co n tinuo us flo w.

An immediate co ns equence o f the co ntinuou s flo w approx imatio n is th at, when a bu ffer B

i

beco mes full, machine M

i becomes blocked in stantly and its p rodu ction rate is r e duced to

th e rate of the d ownstreammachin e