Since simulation is a major part of this procedure a brief discussion of important
features of the simulation model will be presented in the following section.

3.1, Simulation modelling

SIMAN/CINEMA 1V simulation language is used for model translation (Pegden
et al. 1990). SIMAN provides a flexible modelling enviromment for manufacturing
systems including built in features for modcelling of work stations, transportations,
waiting lines, and =0 on. CINEMA animation is also helpful, especially for model
verification (Djassermi 1994).

Continuity and degeneracy tests (removing some machines and checking for
perfermance deterioration) were conducted for model validation. Common randorm
numbers were used for minimizing variations. The replication/deletion graphical
method (Law and Kelton 1991) was used to minimize the effects of the transient
period and the results for 100 days of simulation {50 000 time units) werc discarded.
Finally, batching method was used for parameter estimation (Law and Kelton 1991).
Data for the steady state period were divided into 20 batches of size 13 days.

3.2 Input data
The main input to the simulation model include:

(1) A M-P matrix which provides the information for the development of job
shop and CM systems.

(2) Routing and operational data including processing times and hase sctup
times.

(3) Product mix and arrival patterns.

M-F matrices for two manufacturing situations used in this paper are given in Figs |
and 7. Additional M-P matrices for different QI values are given in appendix A of
Djassemi (1994). The interarrival times for parts in the M-P matrices in Figures 1
and 7 are exponentially distributed with mean interarrival tiine of 1) minutes and 60
minutes, respectively. Data on the processing times of parts and their routeings are
given in appendix A of Djassemi (1994). In addition, it is assumed that the general
time coefficient (GTC) for different sequencing possibilities is as follows:

(1) For two identical parts loaded sequentially, GTC = ©-1,
(2} For two parts from the same part-family loaded sequentially, GTC — 0-5,
(3) For twe parts from different part-families loaded sequentially, GTC = 1.

GTC 15 multiplied by the base setup time to generate sctup times for different
sequencing seenarios,

3.3, Stadstical analysis
The difference between the mean performances of the two systems is used as the
basis for their comparison. To defermine the statistical significance of the difference,
the paired-/ test is employed. The following are provided.
» The difterence between mean performance measures,

e Paired-s confidence interval for the mean differences
o Test of hypothesis concerning the two means.

3

The following hypothesis is tested:

Ho: No diflerence exists between the performances of a job shop manufacturing






Flow time Setup time Number of

Shop type (hours) WIP (parts} (%) intercell moves Operator
Job shop 105%* 2-68 20 19-86 307
101-108** 2-45-279 19-5-2-79 18-8-20-3 798312
CM shop 112 352 51 317 3-48
109 116 345-3-62 5:0- 516 314 320 3-35-3-58

*Mean **95% Confidence interval
Table 3. Simulation results for QI = 0-78.

Mean differences of iwo

Performance measures maodels and 95% C.1. Test of hypothesis

Mean flow timc 70 42 Reject Hopy
Mean WI1P 0-80 + 009 Reject Hypo
Mean sctup time 0145 + 0-03 Reject Hops
Mean # of intercell moves 16-5 1 1-14 Reject H gy
Operator productivity 0-40 £ 0-02 Reject Hgs

Table 4. Results of test of hypothesis for QI = 0-78,

Flow time Setup time Number of
Shop type (hours) WIP {parts) (%) intercell moves Operator
Job shop 97-16* 304 20 19-79 35
96-1-98-2**  2.99. 3-14 19-2 203 19-2-20-01 3-46-3:62
CM shop 96-8 3-48 4-4 2-57 4-05
96:2-973  3:41-3-53 41-4-6 2:45-2:66 397-4-13

*Mean **95% Conlidence interval
Table 5. Simulation results for QI — 0-86.

Mean differences of two
Performance measure models and 95% C.1,

Test of hypothesis

Mean flow time 0-35 £+ 0-52 Accept Hygy
Mean WIP 0-45 -+ 009 Reject Hypn
Mcan sctup time 0-132 1 008 Reject Hyps
Mean # of intercell moves 172 +0-1 Reject H,p4
Operator productivity 0-51 £ 0-016 Reject Hps

Table 6.  Results of test of hypothesis for QL = 0-86,

When the original M-P matrix (QI = 0-7%) is used, the simulation results and the
summary of results for the test of hypothesis are given in Tables 3 and 4. At this QI
level, the mean flow time and WIP are still higher in the CM system. It scems that a
higher level of QI is needed to improve these two performance measures in the CM
system.

If the density of the M-P matrix is reduced by 10% (QI = 0-86), the simulation
results improve as shown in Table 5. At this QI level the differcnce between the two
sysicms in terms of mean low time is not statistically significant. Based on the WIP
level, however, still the job shop system outperforms the CM system. The results for
the test of hypothesis are presented in Table 6.



Flow time Sctup time Number of

Shop type thours) WIP (parts) (%) intereell moves Operaior
Job shop 8O- 19* 274 20 18-9 32

86-8-91-2%*  2.59-2-82 19-8-20-2 18-2-19-01 3-09-3-22
CM shop 3578 318 41 1-69 367

84-1-86-2 3-11--3-21 4-01 4-14 t-56 172 3-58- 371

*Mean **95% Confidence mterval
Table 7. Simulations results for QI = 0-91,

Mean differcnces of two

Performance measure models and 95% €1, Test ol hypothesis
Mcan flow time 32409 Reject Fop
Mean WP 0-24 £ 0-03 Reject Hpa
Mean setup time 0125 1 0003 Reject Hops
Mean # of intercel! moves 172 L 0-52 Reject H
Operator productivity 0-48 £ 0-02 Reject Hys

Table 8. Results of test of hypothesis for QI = 0-91.

Flow time Setup time Number of

Shop type (hours) WIP (pasis) (%) mtereell woves Opcralor
Job shop B2* 296 18-8 18-84 348
81-2 82-6%*+ 2:55-3-02 18:2-19-02 1883 1846 345-3-51
CW shop 663 213 39 0 394
65-8-669 2.09-2-15 37 42 3-88-3-96
*Mean **¥95% Confidence interval
Tablz 9. Simwulation results for QI .- 1.
Mean differences in two
Performance measurc maodels and 95% C.1. Test of hypothest
Mean flow time 156 £0-52 Reject H i,
Mean WIP 0-82 = 0-08 Reject Hep
Mean setup tmne 0145 004 Reject H gy
Meun # of intercell moves 18:84 +¢) Reject Hopg
Operator productivity 0-46 L -05 Reject Hps

Table 10.  Resulls of test ol hypothesis for QI = 1.

In the next trial the M-P matrix is further improved by another 10% reductions in
its density (QI = 0-91}). The simulation results for this QI are given in Table 7 and the
results of test of hypothesis are presented in Table 8. At this Q1 level the performance
of CM system further improves and it outperforms the job shop system in all
performance measures except WP,

Finally, when the M-P matrix is rearranged to achieve a QI value of 1, the
simulation results indicate that CM syslem is outperforming the corresponding job
shop system in all performance measures employed in this study. The simulation
results and the results of test of hypothesis are givein in Tables 9 and 10.
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Mean differcnees of iwo
Performance measure models and 95% C.1. Test of hypothesis
Mean flow time 442 £ 30 Reject Hyp
Mean WIP 595 L 065 Reject H, g2
Mean setup time 16% £ 1-8 Reject Hypn
Mcun # of intercell moves 2770 Reject Hypy
Mean productivity 324025 Reject H g
Table 11.  Paired-7 test results for Q35 = 1+0.
Opcrator
Flow time WIP Number of praductivily
Shop type (hours) parts Setup uime  intercell moves parts/shift
Job shop 74-6% 747 08-6% 256 22
712 TR 6880 58-76 26-1-25-2 2-11-2-29
CM shop 4% 561 53% 1-48 3-83
469 -52-1 4-5- 64 47--58-2 0-3-2-1 3-78-3-01

Table 12, Simulation results for QI = 0:90.

Further insight into the comparison of the job shop and CM systems at different
Q1 levels can be obtained by the graphical presentation of results as depicted in
Figs 2-6.

The gradual improvement of performance measures in the CM system as the value
of QF increases is a clear indication that QI can be used as an effective tool for the
evaluation of an M-P matrix. The decision about conversion {rom job shoep to cellular
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Figure 7. M-P matrix ol a real manufacturing systerm.

manufacturing, however, caninot be solely on the QI value. Generally for a very high
value of QI (close to 100%), conversion to CM is beneficial. When the value of Qlis
very low (close 1o 50%}, then it is not.

The procedure is now applicd to a real world manufacturing system. The M-P
matrix for this system is given in Fig. 7 and the other related production data are



Mean differcnces of 1wo

Performance measure maodels and 95% C.L Test of hypothesis
Mean flow time 242+ 563 Reject H,p
Mean WIP 1-75 £ 0-08 Reject H,po
Mean setup time 15-6% & 0-09 Reject H,z3
Mean # of intercell moves 241 £ 006 Reject Hypa
Mean productivity 166 £ 0-011 Reject H g5

Table 13.  Paircd-¢ test results for QI = 0-90.

Operator
Flow time wip Number of productivity
Shop type (hours) parts Setup time  intercell moves parts/shift
Job shop 81* 8 68% 27-8 2-06
80-5-81-5**  7-4-8.7 58--75:2 26-5-28-7 1-99-2-09
CM shop 66-9 86 53% 345 3-65
63-8 086 8:3-8-72 47--57-9 2-8- 41 3-58- 369

Table 14.  Simulation results for QI = 0-85.

Mecan differences of two

Performance measure maodels and 95% C.1. Test of hypothesis
Mean fiow tiime 138 +1-1 Reject Hyp;
Mcan WIP 0-5+004 Accept H
Mean setup time 14:5% -+ 0-07 Reject Hops
Mean # of intercell moves 242412 Reject H gy
Mean productivity 157 004 Reject H s

Table 15.  Paired-¢ test results for QT == 0-§5.

given in Dyjassemi (1994). The simulation and paired-r test results for this manufac-
turing situation further demonstrates the uscfulness of the procedure.

At QI = 10, the cellular manufacturing system outperforms the corresponding
job shop system in all performance measures (Table 11). When QI drops to (-90, the
simulation and paired-f test results are given in Tables 12 and 13. As the results
indicate at this QI Jevel the cellular manufacturing system still outperforms the
corresponding job shop system in all performance measures, At QI = 0-85, the cellular
manufacturing system outperforms the job shop system in four out of five perforimance
measures, The simulation results and results for the paired ¢-test are summarized in
Tables 14 and 15. As QI drops further, the performance of cellular manufacturing
systems deteriorates and it fails to outperform the job shop system in more and more
performance measures.

A more comprehensive study of a range of manufacturing systems is required to
determine a threshold value of QI for conversion to cellular manufacturing for a
general manufacturing situation. Those two numerical examples, however, demon-
strate how QI in conjunction with simulation can be used to determine such a
threshold value.



5. Conclusions

The procedure presented in this paper can be used to determine the relationship
between values of QI and the performance of the corresponding cellular manufactur-
ing system. The simulation results showed that as the value of QI mcreases, the mean
flow time and WIP inventories for the cellular manufacturing system decrease. For
high values of QI (closc to 00%) the CM system outperformed the corresponding job
shop system in all performance measures used in this study. On the other hand, at low
values of QI (close to 50% ) the job shop outperforms the corresponding CM system.
This study shows that QI serves as an effective tool in the cvaluation of the M-P
matrix for conversion to CM.,
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