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“Abstract

Group efficiency measures have been developed to
evaluate nmhhw—compomm charts for the formation of
. cellular manufacturing systems. In this paper the existing
~grouping -efficiency meéasures will be : evaluated by
determining the relationship between “the values of a
prouping efficiency measure and the performance of the
corresponding cellular mmufacturing systent,
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Introductmn

The data for machine-cell formation for the
development of cellular manufacturing systems is organized
in a matrix called "machine-component chart.” The
machine-component  chart represents the machining
“requirements of partz in a manufacturing . system. A "one"
enuyinthemdchme-component chart indicates * the
pres¢nce -of an operation. on a machine: whileazemelmy

-indicatas ‘the.absence. of such an operation {I,11]..

Ablockvdmgonal form of a machme—component chm in
‘which- *one" entties "are. concentrated - in blocks along the
‘diagonal < of the 'matrix iz used to form a. cellular
manufacturing - system. Blocks in this forsm of ‘machine-
component  chart' represent -machine-component - groups,
‘Machine~component . -grouping -algorithms dre . used to
‘convert a machins-component chart to its block: diagonal
form{2,3,4,6,9,13, 141

A complete: block- diagonal. form with no interactions
betveen blocks is necessary for the formation of a cellular
manufRcturing - systent. with indépendent - machinecells,
Interactions between blocks in-the machine-component
chart represent interceliular moves. The performance of a
celliifaf manufacturing iudvemly affected by the number
of: mtomwular moves. - : For this reason, ‘4 number -of
grouping efficiency meuures have been - developed: to
evaluate 4 -block -diagomal form for its - suitability for
developing a cellular manufacturing system.

In this paper a procedure based on simulation modeling
is used to determine the relationship between the values of
different grouping efficiency measures of a machine-
component .chart and the. performance of the corresponding
cellular manufacturing system.

2  Grouping mﬁdency Measures

In this section, a number grouping efficiency measures.
including bond energy (BE), muuping efficiency (GE},,
grouping efficiency (GC); and grouping - capability - index
(GCY) will be discussed.

Ohé of the  first algotithms for converting abinu'y
matrix into a biock diagonal form uses'a gmupmg measure.
cali‘eclll *bond energy* (BE) [9]. This measure is calculated
a8 follows:

-BE = E _}-El du [dijd +di_|-1 + dlﬂj + d:-lj]

where .

».= pomber.of Tows in the binary matrix -

= munber of columns in the binary matrix

a binisry-(zero or one) entry in row 1 and
colemn’ j of the ‘binary matrix -

b = d--ml =dp=di, =0

Since this messure is at its maximum value when the
desirable block- diagonal form is achieved, it can be used as
a grouping efficiency measure.

Grouping efficiency (GE) is, specifically, developed to
evaluate the efficiency of block diagonal matrices [4], It
is defined as;

Ly
i

(=%
I

| GB =qB, +(1-Q)E
where
B, = = ‘Number of ones inthedngonal blocks _
Total number of elements in the dxagonll blocks




E, - Number of zeros in the off -diagonal blocks
*  Total number ofelements inthe off -dxagonal blocks

q = A weighting factor ranging between zero and one

The selection of q for grouping efﬁcmncy is arbitrary and
the range of values for this measore is limited to 75-100%.
To overcome the problems of the selection of g and the
limited range of grouping efficiency, another grouping

performance measurs has been developed. “This measure .

. is grouping efficacy (GC) and is defised as-{7}:- -
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where
K = number of blocks
M = number of rows in rth block
N, = number of columns in rth block .
‘m =, number of rows in the. machmocomponent
o _chart
n = number. of columns m the machine-
component chart
e;. = number of ones in the diagonal blocks

Grouping efficacy overcomes thie problem of grouping
efficiency by incorporating the size of the matrix into the
calculation of the measure. It also provides a quantitative
basis for calculating the weighing factor, q.

In a study by Hsu [5], it is shown that neither group
efficiency nor group efficacy is consistent .in predicting the

. petformance of & cellular manufactaring system based on

the structure of the corresponding nnclme—component
chart.

Group capability index (GCI) [5]is defined as:

= I - _l
where
number of exceptional clements inthe machine-
component chart
total number of onc cntnes in the machine-

component chart

'Ccntrary to the previous two measures, GCI excludes zero
“entries from the calculation of grouping efficiency.

presented in Figure 1.

In this paper, simulation modeling is used to compam
the existing grouping efficiency measures by determining
their effectiveness in predicting the performance. of a
cellular- manufacturing system. '

3 A Comparative Study

Two performance measures: average flow time and
work-in-process will be used, Simulation methodology will
be employed to determine these measures for a cellular
manufacturing system. The purpose is to determine how
accurately a grouping efficiency measure predicts the
performance ofa celiular manufacturing system through the
gvaluation of the corresponding machine component char.
The algorithmic form of the procedure for comparison of
different grouping efficiency measures is as follows.

1. Use one of the existing machine-component grouping
algorithms to convert the machine-componenit chart to
a block diagonal form and develop the corresponding
cellular manufacturing system.

2. Calculate the efficiency of the machme—componem
chart using bond energy (BE), grouping efficiency
(GE), grouping efficacy (GC), and grouping apabiﬁty '

. index (GCI). .

3. Develop the simulation model of the cellulat
manufacturing system in Step 1. :

4. Estimate the avemge flow time and avemge m—pmoess
inventories using simulation. -

5. Repeat steps l-4furallgtwpmgeffmncymmum
and evalnate the relationship between the values of
grouping efficiency measures and the performance.
measures estimated in step 4.

This procedure will be used in the next section to compare
the four grouping efficiency measures discussed here. '

4 Anélysis of Results

The machine-component chart used for the analysis is
The block diagonal form of this-
machine-component chart is depicted in Figure 2. Other
assumptions about the manufacturing system are asfollows:

+  The average time between orders for parts is 10 hours
(exponential p.d.f.). The size of each order is
unifermly distributed between 1-10 pants,

. 'Ihepmommgandwt—upnmesmdutemmmhc ,

*  Set up times are: sequence dependent.  Set up times
within a part-family are half of those parts from. two
different part-families. Thiz ratio is 0.1 when two
identical parts visit a machine in row.

¢ Batch formation is used between machine cefls, but
within each machine cell, pansarepmmsodmd
transferred in batches of size one. ‘

To evaluate the relationship between the value.. of
grouping efficiency measures and the performance of the
cellular manufacturing system, four different versicns of the
machine-component chart in Figure 1 is used.



Parts
1 2 3 4 5 6 7 8 9 10 11
M. 1 1 1
a 2 11 1 1
e 311 1 1
ho 4 11 i 1
i s 1 1 1
n 6 1 1 1
e T 11 1 1
Fig. 1.~ Initial machine-component chart.
1 26 9 3 7 11 435 8 10
M o2t 111
a 3 1111
¢ -1 11 1
s 11 1
i .6 11 1
A4 1 11 1
e -7 1 11 1
Fig.2, Block diagonal form of the machine-

component chart.

The block diagonal form in Fig. 2 is used as the first
version. In this version there is no intercellular move. As
expected, all prouping efficiency measures yield 100%
efficiency (the value of BE is adjusted to be 100% at its
maximum to be consistent with other measutes). The
values of these measures arc presented in Table 1 and the
corresponding . values of average flow time and  work-in-
process include 35 and 19 units respectively.

* Table 1. Efficlency Measure for Version 1.

Efficiency Measures
~BE | GE GC GCI
1 1 1 1

The second version is different from the first version, in
that ‘part 1 has one cpermtion outside machine cell 1, Since
this part has minimum work load content (processing time
x volume), its effect on the performance of the cellular
manufacturing system is minimal. The simulation resuits
reflect -this as the average flow time and work-in process
inventories are 38 and 19 units respectively, The grouping
¢fficiency mieasures, on the other hand, vary as shown in
Table 2.

Table 2. Grouping Efficiency Measures for Version 2.

Grouping Efficiency
a8 | oB | ec | acr
w9 92 96

In the third version, part 8 in the original machine-
component chast: is modified to have an operation on
machine: 3 instead. of machine 4. This part has a high work
load contént and the change of its status significantly
changes the two performance measures in this version. The
average .flow time and average work-In-process in this
version inchikle 78 and 40 umits respectively. - Again,
deterioration.  of. grouping - efficiency measures varles as
indicated in Table 3.

'I‘ahle 3 Gmmmcy Measures for Version 3.

Gnummw
“mz’j'”'-on Foec | GCI
90| .97 92 96

Finally, in the fourth version, two exceptional parts- are
introduced including parts 1 and 5 which have operations
on machines 4 and 5 respectively. The work load content

-of these two parts combined is less than the work load

content of part 8 in the previous case. As a result their
impact on the’ of the cellular manufacturing
system is less than the impact of parts which yield 43 and
19 units for the -average flow fime and in-process
inventories; respectively. The grouping efficiency measures
are not consistent with the simulation results and indicate
deterioration . in the efficiency of the machine-component
chart as depicted in Table 4.

Table 4. Grouping Efficiency Measures for Version 4.

- Grouping Efficlency
BE GE ac GCI
-84 94 .85 92
5 Conclusions

Four grouping efficiency measures were discussed and
simulation modeling was used to evaluate their effectiveness
in predicting the pexfonmncc of & cellular manufacturing
system. Average flow time and averapge in-process
inventory were used as performance measures. The
simulation results indicate that these grouping efficiency
measures ‘are not-comsistent in predicting the performance
of a celtular manufecturing system. A grouping efficiency
measure based on work load contents of parts should be
developed. .
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