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Abstract
In flexible manufacturing environments, the performance of a production system is often affected by the sequence of operation. While
performance evaluation, improvement and lean design of production system have been studied extensively, the joint effect of
productivity and quality parameters on operation sequencing remains practically unexplored. Indeed, determining the optimal
operation sequence has significant implication from both theoretical and practical perspectives. In this work the frame work of
Bernoulli réiability and quality models, we develop effective indicator that area simple and easy to implement in practice to
determine the optimal operation seguence that maxi mize the system production rate.
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1. INTRODUCTION

Performance evaluation, continuous improvement,n lea

design, and bottleneck identification of productisystems
have been studied extensively during the last B0syeln this
studies , it is often assumed that all parts aseg@gaccording
to predetermine sequence of operations. The effédhe
operation sequence (OS) on the performance of ptimiu
systems, however, has not been systematically figetsd.
Indeed in flexible manufacturing environments, dgpe of

final product can be produced by several sequenfte o

operations. Thus, determining the optimal sequente
operations to be performed by all parts is of inigace for the
entire production processes. Practical example pafration
sequencing can be widely found in product asser{B}, as
well as in machining processes [(4)].

The development based on a recently developed ireprent
methodology for production system with quality qtityn
couple operation where by increasing the probabitid
complite a job during a cycle time leads to dedrengob
quality. Production lines with unreliable machinesually
contain finite capacity buffers intended to attdeumutual
perturbations of the machines due to breakdowns Well
known that the capacity of the buffers should besmasll as
possible, that is, lean.

In the present work the production machine considieare
unreliable machine and have non perfect qualitye Bhffers
used between machines have finite capacity. Instneeral
production lines the machines follow Bernoulli adlility and
quality model.

The production system with unreliable machines, perfect
quality and finite buffer are considered. The degpi@duction
lines With M machines having Bernoulli reliabili;md quality
models. According to these models, machingim{1,.....,M
}, when neither blocked nor starved, produces & garing a
cycle time with probability p and fails to do so with
probability ( 1 - p; in addition, for each part produced by this
machine, it is of good quality with probability; @nd is
defective with probability (1- ;33 Parameters;pand g are
referred to as the efficiency and qualibf machine m
respectively. The Bernoulli reliability model is @jgable to
manufacturing operations where the unscheduled timeris
comparable to the cycle time (e.g., assembly aridtipg
operations, conveyor pallet jams, etc.). The Belthquality
model is applicable when the defects are due tdaianand
uncorrelated events (e.g., dust and scratchey, etc.

2. MODELING OF PRODUCTION LINE
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Fig: 1.1 sequence m- m
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Fig: 1.2 Serial production line.

The following assumptions are consider for a prédac
system with M machine shown in Fig. (i)The systemnsists
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of M machines arranged serially, and M-1 buffers sejparat
each consecutive pair of machines.(ii)The machihase
identical cycle time Tc. The time axis is slottedhathe slot
duration Tc. Machines begin operating at the begmrof
each time slot.(iii)Each buffer is characterizeditsycapacity,
Ni <w0,1 < i <M-1.(iv)Machine iis starved during a time slot
if buffer i-1 is empty at the beginning diettime slot.
Machine 1 is never starved for parts.(v) Maching blocked
during a time slot if buffer has Niparts at the beginning of
the time slot, and machine i+1 fails to take a panting the
time slot. Machine Mis never blocked by ready goods
buffer.(vi)Machines obey the Bernoulli reliabilitpodel, that
is, machine i, i =1, .. . ,M, being neithdodked nor
starved during a time slot, produces a part withbpbility pi
and fails to do so with probability 1- pParameter pi is
referred to as the efficiency of machine i.

3. MATHEMATICAL  EXPRESSION
PERFORMANCE MEASURES

Production Rate (PR): The production rate of a flexible
manufacturing system may be defined as the avarageder
of parts produced by the downstream machine pée tiyoe.

FOR

Consumption Rate (CR): It is defined as the average
number of raw material consumed by the upstreamhimec
per cycle time.

Scrap Rate (SR): Scrap rate means the average number of
parts scrap by the machines per cycle time.

Work-in-process (WIP): work-in-process defined as the
average number of parts in buffer b. i.e., WIRjii@n by

PR12=p0[ 1 - Q (RY:, B, N)]
PR,

CR., = =

[107) 9

201 -9)[1-Q(RgwuPN)

R[1-Q (P9, R, N)]

SR'1,=CR,(1-g)=
€]

SR12=CRi2 01 (1 - )= p(1 - @)[1 - Q (AG,PN)]
SR> =SR.,+ SR
If p1g1 = p = p then the equation of WIP given below
.N(N + 1)
WIP = e
2(N+1-p)

If plgl+# p,, then the equation of WIP given below:

1" (p1g1,p2) N
T R - Na™ (P101.,p2)]
1—-a (P0uP)

W|P1_2 =

R—poi o (M0up2)

Wherei—je {1 -2, 2 - 1} denotes Operation Sequenge m
m; and if x#y then

(1-X[1ex,y]

Q(X,y, N):
1—xi" (x,y)
If x =y then the equation is :
1-x
Q (X, ¥, N) = —mommmmmmeeeeen
N+1-x
x(1-y)
o (X, Y) = --mmmmmmmeeeees
y(1-x)

Note that Q (X, y, N) is equal to the probabilityat the buffer
is empty in the steady state of a two machine Bighnoulli
line with upstream machine efficiency x, downstreaachine
efficiency vy, buffer capacity N , and no qualitgu®s . For a
Bernoulli line define by (i) to (ix) under OperaticGequence
m, - my , since [, is the “effective” probability that the
upstream machine sends a part to the buffer daritigpe slot,
it follows immediately that Q (@.p,N) is equal to the
probability of empty buffer in the steady state foe system
consider in this paper.

Idea of the aggregation Consider the M-machine line and
aggregate the last two machinesy.smand ny, into a single
Bernoulli machine denoted as®y, where b stands for
backward aggregation (see Figure 2.1). The Bernoull
parameter, .1, of this machine is assigned as the production
rate of the aggregated two-machine line, calculadg the
first expression. Next, aggregate this machine, i&,.., with
my., and obtain another aggregated machinéy.4iThe
forward aggregation define that the first machimg, with the
aggregated version of the rest of the line, i.éth w®. This
results in the aggregated machine, denoted ‘as,nvhere f
stands for forward aggregation (see Figure 2.2)s Phocess

is continue to the last one which will forward aggrated. We
show below that the steady states of this recurgreeedure
lead to relatively accurate estimates of the peréorce
measures for the M-machine line.

pp N1 p2 N2 puz Nuz pva Nma Pm
-O-[1-O-[1—-...... —-O-[1-0O-[1-0O0—-
m b m b Mi2 vz My-1 byz My
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Fig 2.2 Forward aggregation
Blockages and starvations:Since these probabilities must PR vs gl
evaluate blockages and starvations of the reaherathan
aggregated, machines, taking into account expmssithe
estimates of these performance measures, BLi anda®d 1
introduced as follows:
0.5 //\
BLi = pQ(Pisy; P ;N); i=1,........ M- 1; ——Y-Values
O T 1
D f by )= .
STi=pQPis; Pi;Ni); 1 =2,....... M: 0 0.5 1
4. RESULT AND ANALYSIS OF PERFORMANCE

MEASUREMENT: WIP vs g1

Table 1 Performance measure of model | {m)

0.4
CASE | pp | p2 | N| PR CR SR | WIP /\
0.3| 05 0.275| 0.275 055 | 0.71 0.2
| (04| 06| 2| 0379 03700.744] 0.8 ——Y-Values
0.6| 0.8 0.57¢ 0.5761.152| 0.91 0 . .
0 0.5 1
Table 2 Performance measure of model Il;{m,)

E P
0.{0.]0.]0 0.04| 0.29| 0.25 0.38
313|3]5 0.4
0./0.]0.]0 0.09| 0.39| 0.29 0.5% —

. 4 14|46 4 0.2
0./0.]0.]0 0.28| 0.59| 0.30 0.93 = Y-Values
6| 6| 6|8 0 , ,

0 0.5 1
Table 3Performance measure of model IlL,{m,)

CASE | p1 | pP2| G| @ | N PR| CR| S| WI
RI| p SRvsgl

Il 0.]10.]0.] 0.] 4004 02 ] 0.] 07
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CONCLUSIONS AND FUTURE WORK:

When the machine have different efficiency but gualoes
not exits the higher efficiency machine should Hacgd
upstream to achieved higher production rate. Irstirae sense
the results obtain from previous chapter when ttazhimes
have efficiency and quality parameter both, thedoguality
machine placed upstream to achieved higher pramtuctite.
If the machine efficiency same it is shown thaesthg the
optimal operation sequence increased the productt by
6% with typically reduction of work-in-processes 1%

The future of the system theoretic properties ajdpction
system includes: (1)Extension of the results olehirto
production system with machines having other réligtand
quality model e.g., exponential, Webull, Gamma, hagnal
etc.(2)Generalization of the results for productsystem with
different topologies, e.g., assembly system, cloléeel, re-
entrant line etc.(3)Investigation of the effect operation
sequencing on the trade off among deferent perfocma
measures.(4)Generalization of the results for smalume
job-shop production environment with high produatity.
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