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This paper presents a comparative study to evaluate the dispatching mechanisms for multi-
Cell Flexible Manufacturing Systems (MCFMS) and Random Flexible Manufacturing Sys-
tems (RFMS). The proposed model is based on a number of assumptions. It comprised
computer-controlled machine tools, storage buffer areas, receiving area, and a load and an
unload stations. The model also included robots and pallets. Parts enter and leave the FMS
at load/unload stations and are transferred between machine centers by Automated
Guided Vehicles (AGVs). Twelve different polices were considered to evaluate the impact of
the system design parameters. A simulation run was made for each policy where the design
parameters were systematically changed. The obtained results were analyzed under a num-
ber of performance criteria. The results show that the overall performance of MCFMS is bet-
ter than RFMS.
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1. Introduction

FMS is defined as “a manufacturing sys-
tem that consists of automatically re-
programmable machines, automated tool de-
liveries and changes, automated material
handling and transport, and coordinated shop
floor control”. A flexible manufacturing cell is
a type of flexible manufacturing that consists
of a group of single FMSs sharing one com-
mon material-handling device, where as Multi-
Cell Flexible Manufacturing Systems (MCFMS)
there is a type of FMS which consists of a
number of FMCs, and possibly a number of
single flexible machine, all connected by an
automated material handling systems, if nec-
essary. A fundamental property of such a sys-
tem is the processing flexibility where it is de-
fined in two levels: the cell level and the sys-
tem level. At the cell level, processing flexibil-
ity relates to the ability to perform the same

Alexandria Engineering Journal, Vol. 41 (2002), No. 6, 899-908
© Faculty of Engineering Alexandria University, Egypt

Al T gl Taghiidl e 32

Dispatching rules, Flexible-manufacturing systems, FMS scheduling, Per-

operation on various machines. At the system
level, processing flexibility is the system’s ca-
pability to process the same part type in vari-
ous cells. However, firms adopt cellular manu-
facturing systems to achieve, in less-repetitive
environments many of the benefits associated
with mass production. Some of the benefits
ascribed to cellular manufacturing include
reduced set up times; lower work-in-process
levels, faster throughput times, improved
product quality, and reduced material han-
dling. Although the above are the most advan-
tages of cellular manufacturing systems, re-
searches have not found cellular manufactur-
ing of a superior to the functional layout in all
instances. Many researchers [1,2] had focused
their field on attempting to identify those envi-
ronments in which cellular manufacturing
systems are superior. A learning-based meth-
odology for dynamic scheduling that explores
flexibility and handles uncertainties in dis-
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tributed manufacturing system is developed
. by Chiu and Yih [3]. An extended dispatching
rule approach, which applies different dis-
patching rule combinations in the mecha-
nisms, and a search algorithm to find an ap-
propriate dispatching rule combination has
been advised by Ishii and Muraki [4]. Two
models for evaluating some operation control
rules in scheduling functional and cellular
FMS and in the presence of work center inter-
ruptions are introduced by Shouman et al.
[5,6]. In these models, a combined routing,
planned, unplanned interruption ratios and
different dispatching mechanisms are consid-
ered. Dispatching rules for FMSs under the
condition that the part types and their quanti-
ties are dynamically changed over some speci-
fied stages or periods of the entire scheduled
horizon are studied by Abouali and Shouman
{7].

The aim of this paper is to study the effect
of FMS layouts on dispatching mechanisms. It
describes a comparative study for evaluating
dispatching mechanisms of two flexible manu-
facturing system layouts MFMC and RFMS.
The MFMC model consists of two independent
flexible manufacturing cells. Some of the part
types can be processed in the two cells, gener-
ally with different processing times, while oth-
ers can be processed only in one of the cells.
Each cell consists of several computer-
controlled machines, capable of performing a
wide range of operations. An operation can,
typically, be processed by more than one ma-
chine. Machines are equipped with means
(automatic tool changers, communication
network, etc.) for the processing of different
parts with relatively short change over activi-
ties. Each machine is served by a local Work-
In-Process (WIP) buffer. Parts can be handled
from each buffer to any machine, and from the
machines back to WIP buffer, or out of the cell
by AGV. A computer controlled handling de-
vice transfers workpieces between machines
and buffers, one at a time. In the case of
RFMS, the machines used in MFMCs are dis-
tributed as a random FM layout. Each ma-
chine has a local buffer and the system facili-
ties are connected by AGV as a material han-
dling system. Both the flow of parts and trans-
fer networks are designed to be in agreement

with multi-cell and random flexible manufac-
turing systems.

2. Model assumption

The multi-cell flexible manufacturing
model presented in this paper is based on a
model proposed by Atmani et al. [2]. In this
work, the proposed models were developed
based on the following major assumptions:

1. The system processes a variety of part
types out of a large but finite and known
population. Each cell can process a known
subset of part types from the system part
type’s population. In a specific time the ma-
chine cells and the entire system are ready to
process part of types from only a finite set.

2. The material handling between cells is per-
formed by the AGV and handling times are
considered negligible relative to operation
times. It is assumed that the cells are techno-
logically well designed. Handling devices will
not constitute a major constraint.

3. Completion of part typically requires sev-
eral operations. It is possible to perform the
operations in several sequences. Operation
time is dependent only on the machine and is
independent of the sequence.

4. The secondary facilities such as tool maga-
zines, pallets, controller’s memories, and etc.
do not constitute constraints. This assump-
tion reflects the current state of technology
where means like automated tool delivery, tool
management system, large memory file servers
etc. are in use.

5. The dispatching rules control parts flow
with the proposed system with the objective of
optimizing the performance index. ‘

6. The distribution of interruptions of ma-
chines is deterministic. :

7. In addition to the major assumptions, the
following assumptions were also considered:

- The part moving time has no effect on lead-
time and parts size transporters. i

- Limiting the total service time of each ma-
chine station to the capacity of that place pre-
vents system congestion and each operation
can be processed by one machine only at a
time.

- Data for alternative routes, processing times,
and arrival rates, due dates, transporter
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speed, resources, set-up and tear down times
are deterministic.

3. Description of model experiments

Two independent sets of experiments were
conducted for each model. Experiments refer-
enced as M1FMC, M2FMC for MFMC model
and as RIFMS, R2FMS for RFMS model.
These four experiments were conducted on
two main machine setups: setupl and setup?2.
Experiments M1FMC and RIFMS were con-
ducted on setupl while experiments M2FMC
and R2FMS were conducted on setup 2.

3.1. Physical layout

Setupl: consists of five computer-controlled
machine. tools (M/C1l, M/C2, M/C3, M/C4
and M/CS5) each of which has a storage buffer
(BF1, BF2, BF3, BF4 and BFS5). Setupl has a
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receiving area, and a load and an unload sta-
tions. Parts enter and leave the FMS at
load/unload stations and are transferred be-
tween machine centers by the aids of AGV.
Two models were considered on setupl,
M1FMC and R1FMS. M1FMC model consists
of two cells (cell 1 and cell 2). Cell 1 consists of
M/C1 and M/C2. Cell 2 consists of M/C3,
M/C4 and M/C5. Each machine has a local
storage buffer. Fig. 1-a and 2-b exhibits the
physical layout of M1FMC and R1FMS models,
respectively,

Setup2: consists of six computer-controlled
machine tools (M/C1l, M/C2, M/C3, M/C4
M/CS5 and M/C6) each of which has a storage
buffer (BF1, BF2, BF3, BF4 BF5 and BF6).
Setup2 has a receiving area, and a load and
an unload stations. Parts enter and leave the
FMS at load/unload stations and are trans-
ferred between machine centers by the aids of
AGV. Two models were  considered on
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Fig. 1. Physical layout and transfer network of setup 1.
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setup2, M2FMC and R2FMS. M2FMC model
consists of two cells (cell 1 and cell 2). Cell 1
consists of M/C1, M/C5, and M/C6 while cell
2 consists M/C2, M/C3, and M/C4. Each ma-
chine has a local buffer. Fig. 2-a and 2-b ex-
hibits the physical layout of M2FMC and
R2FMS models, respectively.

3.2. Part data

Four distinct part types are to be proc-
essed within the models. Each part type re-
quires several operations, routes and process
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plans. Table 1 presents the possible routes
through the system for each part type and the
unit processing time of each operation as well
as the due dates of the M1IFMC and R1FMS
models. Table 2 presents the possible routes
through the system for each part type and the
unit processing time of each operation as well
as the due dates of the M2FMC and R2FMS
models. The operating characteristics for the
AGV, receiving area capacity storage, and local
buffer capacity are held unchanged for each
considered setup. '

RECEIVING
AREA

AGV

oy * STATION
>

& BF1 . BF3 BF2
M 1) M/C (3) MIC )
MIC (6) M/C (4) M/C (5)

. HBH -

UNLOAD
STATION

(b) R2FMS model

Fig. 2. Physical layout and transfer network of setup 2.
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Table 1

Data of part types of MIFMC and R1FMS models

Part Cell Machine Operation required and processing Due date
type # i time (minutes)
OP1 Time opP2 Time
1 OFBI1" 5.9
Fi : 2 OPA1l 3 OPB1 6 a0
1 OPA2 9 ;
PR e g OPB2 35 1
3 OPA31 8
P3 2 4 OPA3 7 OPB31 5 5500
5 OPB3 5.5
3 OPA4 '
P4 2 B OPB4 8.7 5400
5 OPA41 6
Table 2
Data of part types of M2FMC and R2FMS models
Part Cell # Machine Operation required and processing time Due date
type # (minutes)
OP1 Time OoP2 Time OP3 Time
2 OPA12 7.5 OPB1 2.4 3600
P1 2 3 OPA1l 3.2
4 OPB12 7.3
1 OPA2 4.3 5200
1 5 OPA22 6.8 OPB21 2.2
P2 6 OPA23 6.3
2 OPB22 3.5
2 3 OPA21 5.2 OPB2 2.7
4 OPB23 8.2
1 OPA3 2.5 3700
P3 1 5 OPB3 2.5
6 OPC3” “3.5
2 5300
P4 2 3 OPA43 6.8 OPB43 4.2
4 OPA4 5.8 OPB4 3.7

3.3. Available resources

Five types of resources are included in
both setups, four robots (ROB 1, ROB 2, Rob-
load, Robunload) and pallets. ROB 1 is used
for the setup and teardown of parts on M/C1
and M/C2. ROB 2 is used for setup and tear-
down of parts on M/C3, M/C4, and M/CS5.
Robload is used for loading parts into pallets
in load situation with uniform distribution for
setup of (1, 1.5). Robunload is used for
unloading parts from the pallets in unload
station with uniform distribution for teardown

of (0.5, 1).
4. Model implementation

The designed transferred networks con-
necting the subsystems of material handling

Alexandria Engineering Journal, Vol. 41, No. 6, November 2002

under consideration are exhibited in fig. 1 and
2. Based on the operation sequence on the
work-stations for part types and the classifica-
tion of operations/each work station, the
process plans for the two setups have been
designed and constructed. The complete data
information for these models, as well as the
process plans are addressed in SIMFACTORY
II.5 and verified through its verification proce-
dure. Many simulation runs have been carried
out for each dispatching rule/each case, till it
reaches stable state or the average values for
the most stable station will be considered.

4.1. Measuring performance criteria
Simulation output provides the scalar of
the simulator with a performance measure,

which quantifies the performance of the simu-
lated model. A few important equivalences in
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performance measures are applied in this
work: throughput rate, product make span,
mean flow time (MFT), mean tardiness (MT),
sum of Mean Flow Time and Mean Tardiness,
and number of Tardy Jobs (TJ). These
measuring performance criteria are considered
for the evaluation of dispatching mechanisms
for each model configuration in order to deter-
mine the dispatching rule that will perform
the best. In the case, when throughput and
product make span are insignificant parame-
ters for evaluation; MFT, MT, sum of both, and
number of tardy jobs will be considered. MFT
and MT are estimated as in eqs. (1) and (2):

Mean flow time = Z (Ci - Rj)/n, (1)
Mean tardiness = £ max (0, Lj) / NT. (2)

Where C; is the completion time of part i,
R; is the time of entry, D; is the due date of
part i, NT is the number of tardy jobs, L; is the
lateness of part i (Ci~- Ri- Di), and n is number
of completed parts.

4.2. Simulation tool

Simulation software tools are -classified
into three different levels (system, application
and structural) (8). Also, many aspects are
considered as essential and desirable features
in the selection of simulation software prod-
uct. Those that are pertinent to manufactur-
ing environment, are: input flexibility, model-
ing conciseness, macro-capability, material
handling modules, standard statistics genera-
tion, data analysis, animation, interactive
model debugging, and micro/mainframe com-
patibility. According to the considered groups
of criteria, SIMFACTORY II.5 has an advanced
position based on a simulation software sur-
vey provided by Law and Haider [9]. In this
software no programming is required, model

‘construction and data input are simplified

through the menu-driven interface. In addi-
tion, there are no arbitrary limits to the num-
ber and type of items that the model can in-
clude. Animated pictures of a factory can be
obtained at work during simulation and not
after the action is over. For evaluation of the
present work, twelve dispatching rules are

considered; Random, By turn, Low usage,
High usage, Closest, Farthest, Shortest idle,
Longest idle, Fewest parts, Most parts, Oldest
parts and Newest parts.

4.3. Pattern of arrivals

The pattern of arrivals for MIFMC and
R1FMS is considered a repeating pattern,
while it is scheduled for M2FMC and R2FMS.
Following are the specifications of the pattern
of arrivals:

- M1IFMC and R1FMS:
First arrival: Constant (100) for pl, p2, p3,
and p4
ATBA: Nor. (5, 1.2, 1) for pl
Exp. (8, 1) for p2
Exp. (4, 1) for p3
Poi (6, 1) for p4
Quantity: Constant (5) for pl, p2, p3, and p4.

- M2FMC and R2FMS:
First arrival: Constant (100) for pl, p2, p3,
and p4
Quantity: pl = 100, p2 = 150, p3 = 130, p4 =
175

4.4. Interruptions

Two types of interruptions, planned and
unplanned are considered. Planned interrup-
tions are passive in nature, while unplanned
interruptions have priority over any current
operation. The basis of the interruption tells
whether to measure ‘the times in terms of
elapsed time or operating time. Elapsed time
refers to the simulation clock, while operating
time refers to the amount of time spent
operating. The mean Time Between Interrup-
tion (MTBI) distributions is interrupted as a
number of operations, which occur at the
station between interruptions. The Mean Time
To Repair (MTTR) distribution is still inter-
rupted as elapsed simulation times since no
operations occur while the station is down.
The interval flags are start-to-start and end-
to-start. These tell how to apply the mean time
between interruptions. In this aspect, the
main characteristics of the interruptions
under consideration of the current models are
exhibited in table 3.
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5. Simulation results

Twelve different policies were simulated to
estimate the impact of the system design pa-
rameters for the comparative study. The de-
sign parameters were systematically changed
for each policy and the simulation run has
been made for each policy. Many simulation
runs have been performed for each dispatch-
ing rule till the results became stable and then
recorded for both setup models.

5.1. MIFMC and R1FMS

The model has been simulated using
twelve replications each of 480 minutes length
and 100 minutes as a warm-up length for

Table 3
Distributions for machines interruptions of the two setups

each dispatching rule. The throughput, prod-
ucts make span, and trace messages have
been recorded. Table 4 shows both the
throughput and product make span for each
dispatching mechanism. From the obtained
data and considering the performance
measuring criteria, it is clear that experiment
M1FMC2, which corresponds to rule 2, has
the best performance for MIFMC while ex-
periment R1FMS1, which corresponds to rule
1, has the best for RIFMS. Table 5 presents
throughput, makespan in addition to MFT,
MT, MFT + MT for the simulation tests of the
best dispatching rules obtained for both mod-
els. The average resources and machines utili-
zation of models are exhibited in figs. 3 and 4.

Setup type Setup one Setup two
M/C # M/C1 M/C2 M/C3 M/C4 M/C5 M/C3 M/C5
Distribution ‘
MTBI Con (60) Con (75) Nor (15,5,1) Con (100) Exp (50) Con (75) Con (90)
MTTR Uni (10,12,1)  Uni (10,15,1) Nor (2, 10,1)  Uni (10,18) Exp (20) Uni (10,15) Uni (10,12)
Table 4
Simulation experiments data of throughput and make span of the MIFMC and R1FMS models

Rule  Simulation file MI1FMC Simulation file RIFMS

i Throughput Make span reference Throughput Make span

1 M1FMCl1 44.59 40.7575 R1FMS1 4533 42.5175

2 M1FMC2 46.00 44.5175 R1FMS2 45.07 45.1150

3 M1FMC3 43.16 48.0950 R1FMS3 41.25 51.6625

4 MI1FMC4 45.25 44.4950 R1FMS4 44.09 41.9025

5 M1FMCS 45.25 44.4950 R1FMS5 44.09 41.9025

6 M1FMC6 45.41 43.8250 R1FMS6 44.67 42.3825

7 M1FMC7 43.57 47.0075 R1FMS7 42.41 46.4500

8 M1FMC8 44.41 46.1875 R1FMS8 43.76 43.3400

9 M1FMC9 44.41 46.1875 R1FMS9 43.84 43.3125

10 M1FMCI10 45.41 42.3500 R1FMS10 44.58 42.0675

11 M1FMCl11 43.83 47.1250 R1FMS11 42.08 47.3350

12 M1FMC12 45.25 44.4950 R1FMS12 44.09 41.9025
Table S ;
Measuring performance criteria of simulation tests of the M1IFMC and R1FMS models

Best rules Throughput Make span MFT MT MFT+MT TJ

M1FMC2 46.00 44.5175 2837.3439  183.004410 3020.348310 32.0

R1FMS1 45.33 42.5175 2829.1116  192.132740 3021.244340 21.0
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5.2. M2FMC and R2FMS

The model has been simulated using
twelve replications each of 480 minutes length
and 100 minutes as a warm-up length for
each dispatching rule. The throughput, prod-
ucts make span, and trace messages have
been recorded. Table 6 shows average data the
two observed streams of both the throughput

and product make span for each dispatching

mechanism. From the obtained data and con-
sidering the performance measuring criteria, it
is clear that experiments M2FMC1 and
R2FMS1, which correspond to rule 1, have the
best performance for both models. Table 7
presents throughput, makespan in addition to
MFT, MT, MFT + MT for the simulation tests of
the best dispatching rule obtained for both
models. The average resources and machines

utilization
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Table 6

Simulation experiments data (average) of throughput and make span of the M2FMC and R2FMS models

Simulation file

L snfnulation file M2FMC i R2FMS
i b Throughput Make span Throughput Make span
1 M2FMCl1 . 46.240 7.7287 R2FMS1 46.240 8.9113
2 M2FMC2 .. 43.365 15.1162 R2FMS2 43.450 15.0925
3 M2FMC3 46.240 10.9137 R2FMS3 46.240 12.0800
4 M2FMC4 46.240 8.9925 R2FMS4 46.240 9.2762
5 M2FMCS 46.240 8.9925 R2FMS5 46.240 9.2762
6 M2FMC6 46.240 8.5800 R2FMS6 46.240 8.7012
7 M2FMC7 43.615 14.1762 R2FMS7 43.620 14.1575
8 M2FMCS8 46.240 8.9037 R2FMS8 46.240 9.3962
9 M2FMC9 46.240 8.9037 R2FMS9 46.240 9.3962
10 M2FMC10 46.240 8.4650 R2FMS10 46.240 8.7175
11 M2FMC11 46.240 11.2387 R2FMS11 44.535 13.2137
12 M2FMC12 46.240 8.9925 R2FMS12 46.240 9.2762
Table 7
Measuring performance criteria of simulation tests (average) of the M2FMC and R2FMS models
Best rules Throughput Make span MFT MT MFT+MT TJ
M2FMC1 46.240 7.72870 2659.1625  55.298790 2714.461290 18.5
R2FMS1 46.240 8.91125 2713.5465  96.638525 2810.185025 37.0
906 Alexandria Engineering Journal, Vol. 41, No. 6, November 2002
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6. Concluding remarks

The obtained simulation results in this
paper lead to the following concluding re-
marks:

- Rule 1 is the best schedule for M2FMC,
R2FMS and R1FMS while Rule 2 is the best
schedule for M1FMC.

- The throughput of cellular layout is greater
than the random layout for all dispatching
rules except the first one.

- Production make span is always better for
M2FMC model than R2FMS model for most
considered dispatching rules, while vise versa
for M1IFMC and R1FMS models.

- The average resource and machines utiliza-
tion are better for R2FMS than M2FMC for all
considered dispatching rules, while vise versa
for M1IFMC and R1FMS models.

- Considering MFT, ML, MFT+ML, and num-
ber of tardy jobs as measuring performance
criteria, cellular layouts are better in their per-
formance than random layouts for all the con-
sidered dispatching rules.

- The level of inventory buffers for cellular lay-
out is better than random layout for some dis-
patching rules and vise is versa for the other.

Cellular layout is not always superior to
any functional or random FMS. This finding is
supported in the current study where re-
sources and machine utilizations were better
for random FMSs than cellular FMSs. How-
ever, the system features, characteristics and
dispatching rules play an important role in its
performance. Also, it is not recommended to
design the FMS in cell structure as long as the

168.00
15.32 15.39

14.00

12.00

Utilization of Machines

10.00
M2FMC R2FMS

Fig. 6. Machines utilization.

part types can not be grouped in part families
and be of high degree of repeatability. This is a
crucial key element for system economics. No
specific dispatching rule can be considered as
the best rule than others. The best dispatch-
ing rule depends on the system configuration,
the number of part types, and the production
mix. No significant influence has been recog-
nized due to the interruptions except that the
level of inventory buffer for random FM lay-
outs where they are better than cellular FM
layouts for some dispatching rules. This re-
mark requires more attention and investiga-
tion to study the influence on the performance
separately. However, this point might offer
some insights and encourage further study in
this field.
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