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The Effects of Product, Process, and Facilities Characteristics
on the Conversion Processes and Outcomes
for Cellular Manufacturing : An Empirical Study ™

Moo —Jin Choi* - Minjoon Jun *

ABSTRACT

The conversion processes from traditional job shops to cellular manufacturing systems can

be viewed as an aggregation of cause-and-effect relationships among many strategic, mana-

gerial, and technical variables. Therefore, management needs to fully understand these

interacting variables and possible relationships between the variables to successfully convert

their plants to cellular manufacturing systems, The purpose of this study is to assist such

management’s needs in part.

The objectives of this research are i) investigating contingency variables that may affect

the conversion proesses and outcomes to cellular manufacturing systems and ii) examining

relationships between the variables and the conversion processes and outcomes. In this

paper, particularly three categories of variables are examined: product, process routing, and

process technology / facilities characteristics, Literature review and the mail survey method

are used.

The results are compared and synthesized with the findings of previous studies for useful

discussions. Some previous arguments and propositions are empirically supported,
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1. Introduction

Manufacturing celliMC) is an alternative way of organizing manufacturing facilities that has
been widely accepted in manufacturing industries. Advantages and disadvantages of MC relative to
job shops have been long discussed, but inconclusive., Simulation studies often indicate a trade-off
of various performance measures [1, 6, 14, 39, 43]. On the other hand, case and survey studies
highlight benefits and give less attention to disadvantages of MC [20, 36, 45, 461.

The performances of MC can be maximized when the cell design adheres to two principles: (1)
a MC must have all machines that are dedicated to the production of a part family: (2) all
necessary machines must be located in a close proximity. However, in reality two principles are
often violated, and some benefits are gained at the expense of other benefits. For example, a
trade-off between inter-cell material move and cell independence is a typical phenomenon [1, 32].
The inter-cell material move is often allowed to increase machine utilization. The machine
utilization can be increased at the expense of the cell independence. Setup times and material
handling costs go down at the expense of longer job waiting time and more inter-cell material flow
[14, 42]. In summary, one performance measure is holding a tale of another.

Besides it is necessary to broaden our view on the conversion to cellular manufacturing systems.
The conversion processes and outcomes can be viewed as an aggregation of cause-and-effect
relationships among many strategic, managerial, and technical variables, To date, technical issues
have been widely studied to uncover relative superiority of techniques and algorithms used in
identifying part family and machine groups, dealing with exceptional parts, smoothing a work-load
of cell machines, etc [3, 4, 8, 12, 22, 23, 27, 43, 44].

This study views MCs as outcomes of strategic, managerial, and technical choices that manage-
ment made given manufacturing environment and conditions. The selection of conversion strategy
for each plant (including project management processes and analytical methods) relies on its gen-
eric manufacturing complexity, facilities characteristics, problems to be resolved, resources avail-
able, etc. Therefore successful conversions to cellular manufacturing systems require management
fully understand current conditions of their manufacturing systems and set clear performance goals
to be achieved (or problems to be resolved) through appropriate conversion strategies. For this,
management needs to understand relationships among the conditions, strategies, and outcomes to
be achieved. This research can assist such management’s needs in part.

Specifically, the objectives of this research are i) investigating contingency variables that may
affect the conversion processes and outcomes and ii) examining relationships between the selected
variables (product, process, and facilities characteristics) and the conversion processes and

outcomes. The results are synthesized with findings of previous studies for drawing useful
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discussions.

In the next section, research method is described. Section 3 introduces contingency variables
that are included in this research, and Section 4 summarizes relationships to be examined in this
study. The results are summarized in Section 5, and final discussions and conclusions are made in

Section 6.

2. Research Method

2.1. Investigating Variables

Literature review and the survey method were used to explore contingency variables that can in-
fluence the conversion processes to cellular manufacturing systems and outcomes, An extensive re-
view of literature was conducted to identify contingency variables and major categories of the
variables. The results were used to proceed two-round preliminary survey. In the first round, the
major categories of variables were examined by 26 experts from the practice and academics in
cellular manufacturing. The experts were also asked to add or delete suggested categories. Based
on results of the first round survey, the second-round questionnaire was developed. In the second
round, the experts were asked to rate importance of contingency variables of each category using
a five-point scale (1 means 'very important, and 5 'not important), and add new variables if any.
The list of variables was adjusted by dropping off variables of 4 points and above. The selected

variables for this study are described in Section 3, However, the variables are not exhaustive.

2.2. Studying Relationships between Variables

Based on the contingency variables drawn from the two-round survey, we developed a
qustionnaire that is used to survey the conversion processes and outcomes, An initial questionnaire
was developed and reviewed by four experts from academic and industrial community. A pilot
study was conducted prior to a full-scale survey to examine the clarity and validity of the instru-
ment. The pilot questionnaire was sent to ten (10) industrial experts,

The revised questionnaire was sent to 62 plants that had reorganized or are organizing their fa-
cilities for cellular manufacturing, The questionnaire was mailed to plant managers, staff engineers,
or line supervisors who had actively involved in conversion projects. Since no single directory is
available, the convenience sampling was used to locate these experts. Trade magazines, pro-
fessional journals and personal contacts were major sources that provided information about these

plants. With two follow-up letters, twenty-eight (28) responses were obtained, therefore the re-
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sponse rate was 45.2%. The accuracy of responses was cross-checked through phoning the very
respondents and some other referrals within the plant. Some plants could not provide data for

some items due to their limited information,

2.3. Data Analysis

Primarily cross-tabulation and frequency counting were used to highlight possible relationships.
Often non-parametric statistical tests were conducted to draw statistical significances among differ-
ent plant groups in terms of population location parameters (Mann-Whitney test, Friedman
two-way ANOVA test by rank), population medians (median test and Kruskall-Wallis one-way
ANOVA by ranks), and rank correlations (Kendall's coefficient of concordance W test, Spearman
rank correlation coefficient)[9]. The non-parametric statistics were used because the convenience
sampling method was used, and therefore the normality assumption was violated. However, in this
research, the statistics should be interpreted with a caution. This study has a nature of exploring
contingency variables and relationships among them. Therefore the statistical significances simply

indicate a degree of conviction rather than confirmation of the relationships.

3. Research Variables

In this section, only selected variables to be studied are described. Contingency variables that
may affect the conversion processes and outcomes are (1) product characteristics, (2) process
routing characteristics, and (3) process technology /facilities characteristics. The conversion
processes and outcomes to cellular manufacturing are multi-faceted. Major dimensions are (1)
organizational processes of the conversion, (2) analytical processes of the conversion, and (3) con-

version outcomes.

3.1 Product Characteristics

Product characteristics are product variety (e.g., product lines, number of component types) and
the number of new product lines/components introduced each year. The plants were arbitrarily
classified into two groups for analyses: high variety group and low variety group. Sixteen plants
manufactured less than and equal to 6 product lines, and 12 plants produced greater than 7 prod-
uct lines up to 200. Fourteen (14) plants produced 3-999 component types, while thirteen (13)
plants produced 1,000-20,008 component types. The plants were also classified into three groups in

the number of new product lines/components introduced each year. They were 0-39 group
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(9 plants), 100-999 (9 plants), and 1,000-10,000 group (7 plants).
3.2 Process Routing Characteristics

Process routing characteristics include (1) types of operations (fabrication only, assembly only,
and both of all), (2) routing complexity measured by the number of different operation types (e.
g., tapping, drilling, cutting, welding) and presence of bottleneck operations or special operation
types (e.g., heat treatment, painting, chemical processing). We asked respondents list overloaded
machines and special operation types that cannot be located closely with other MC machines,

For analyses, the plants were classified into two groups based on the number of different
operations, One group from 10 to 24 operations, and another was above 25 operations, The plants
were also classified into two groups with or without bottleneck operations (15 vs. 9 plants). The
existence of special operation types was also to classify the plants into two groups with or without

special operation types (7 vs. 16 plants).
3.3 Process Technology/ Facilities Characteristics

The number of simple, conventional, and single-purpose machine and complex, programmable,
and multi-purpose machines (e.g., NC machines) were measured. Then the plants were classified
into a low-ratio group (28 plants ranged from 0.5 to 5) and a high ratio group (8 plants ranged
from 6 to 77) based on the ratio of number of conventional and single-purpose machines to number
of programmable and multi-purpose machines. The low ratios mean that plants installed more

programmable, multi-purpose, and automatic machines.
3.4 Organizational Processes of the Conversion

The organizational processes of the conversion to cellular manufacturing can be described by (1)
types and roles of project organizations that companies have organized for their plant
reorganizations, (2) job titles and roles of personnel involved in the conversion projects [37]. For
thése, the questionnaire asked types of project organizations (e.g., steering committee, task force,
project team, etc), and job titles (e.g., vice-president, director, plant manager, etc) and their roles

(championing, analyzing, implementing, providing opinions) involved in the conversion projects.
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3.5 Analytical Processes of the Conversion

The analytical processes of the conversion to cellular manufacturing can be described by cell de-
sign steps /actions taken and analytical techniques used. The specific cell design steps /actions in-
clude data collection and correction, preliminary analysis, data coding, pilot cell test, product-mix
change, design /routing change, material-variety reduction, and equipment rearrangement, Analyti-
cal techniques used are further divided into types of techniques used and information (criteria)
used. Analytical techniques are visual examination, manual sorting, from-to diagram, frequency
lists, clustering techniques, GT classification and coding systems, production flow analysis, general
computer simulation, and specialized GT simulation packages. Information (criteria) used are, for

example, product line or component name, component function, component shape /size, etc,
3.6 Conversion Qutcomes

The outcomes, cellular manufacturing systems, can be described by many aspects. First, number
of formed cells was measured by three criteria: (1) number of cells containing fabrication
operations only, (2) number of cells containing assembly operations only, and (3) number of cells
containing both fabrication and assembly operations. Second, degree of cell independence was
measured by three criteria: (1) number of independent cells containing fabrication operations only,
(2) number of independent cells containing assembly operations only, and (3) number of indepen-
dent cells containing both fabrication and assembly operations. Third, number of product lines or
component types that are produced in each cell was measured by the smallest, typical, and largest
numbers. Fourth, layout configurations of MCs were also investigated. They are linear /straight
MCs, U-shaped MCs, circular MCs, etc. Fifth, the material flow patterns (e. g., random, sequen-
tial) were questioned. Finally, the survey questionnaire asked how many pieces of equipment were

purchased to create MCs.

4. Relationships to Examine

In this study, the following relationships were examined, They are i) relationships between prod-
uct characteristics and the conversion processes and outcomes, ii) relationships between process
routing characteristics and the conversion processes and outcomes, and iii) process technology /fa-
cilities characteristics and the conversion processes and outcomes., Figure 1 shows selected
relationships and specific variables of each category. Each line represents a category of

relationships to be examined in this study.
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Figure 1. Relationships to Examine

Manufacturing Characteristics Dimensions of the Conversion Processes
(Independent Variables) . and QOutcomes (Dependent Variables)
Product Characteristics »———— Organizational Processes of the Conversion
Product variety Types and Roles of project organizations
Number of new product Job titles and roles of personnel involved

lines /components each year
- Analytical Processes of the Conversion
/ Cell design steps /actions taken
Analytical techniques used

Process Routing Characteristics —— - Conversion Qutcomes
Types of operations Number of formed cells
Number of different operation types Degree of cell independence
Presence of bottleneck machines Number of product lines or component
Presence of special operation types types that are produced in each in-

stalled cell
Layout configurations
Material flow patterns

Process Technology /Facilities Number of equipment purchased to cre-
Characteristics ate MCs,
5. Results

5.1 Profiles of Plants

The industries of plants surveyed were classified based on the standard industrial classifications
(SICs). Among top 20 categories, major types are (1) metalworking machinery and equipment (6
plants), (2) aircraft and parts (4 plants), (3) office computing and accounting machines (3
plants), (4) fabricated metal products (2 plants), (5) construction, mining, and material handling
machinery and equipment (2 plants), and (6) general industrial machinery and equipment (2
plants).

The plants were also classified by number of employees (see Table 1). The plants are evenly

distributed over the categories,



172 Moo —Jin Choi - Minjoon Jun Pug 3 1N}

Table 1. Classification of Plants by the Number of Employees.

Number of Employees Number of Plants
1~ 999 8 ( 28%)
1,000 — 1,999 6 ( 21%)
2,000 — 2,999 7 ( 26%)
3,000 — 3,999 2 ( 7%)
over 4,000 5 ( 18%)
Total . 28 (100%)

5.2 Product Characteristics vs. Analytical Processes of the Conversion

The relationship between the number of product lines and actions taken were examined by
comparing numbers and percentages of low- and high-variety plants for each action taken. One
interesting contrast is that the low-variety group more often take actions including product
redesign, routing modification, and raw material type reduction. However, the M-W test could not
reject the null hypothesis (refer test statistics at relationship & of Appendix A.). Therefore two
groups do not significantly differ with respect to the actions taken for cell design.

The relationship between the number of product lines and techniques used were examined by
comparing numbers and percentages of low- and high-variety plants for each technique used. Over-
all, the M-W test could not reject the null hypothesis (refer test statistics at relationship ® of
Appendix A.). Therefore two groups do not significantly differ with respect to the techniques used
for cell design.

The relationship between the number of component types and information types used in
determining product groups and equipment types was examined by comparing the number of plants
that indicated 4 or 5 for each information type used.

Especially the high variety group more often used component function and demand forecast /pro-
duction volume than the low-variety group did. However, the M-W test could not reject the null
hypothesis (refer test statistics at relationship © of Appendix A.). Therefore two groups do not

significantly differ with respect to the information types used for designing MCs.
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5.3 Product Characteristics vs. Conversion Outcomes

The relationship between the number of component types and the number of independent fabri-
cation cells was examined. The numbers and percentages of independent fabrication cells of each
plant that belonged to either low- or high-variety groups were measured. Within each group, the
plants were ranked based on the percentages to conduct the M-W test. As a result, we could not
reject the null hypothesis (refer test statistics at relationship @ of Appendix A.), and concluded
that two groups do not significantly differ with respect to the number of independent fabrication
cells,

Table 2 shows the relationship between new components introduced per year and the number of
independent fabrication cells. Numbers and percentages of independent fabrication cells of each
plant that belonged to one of three groups (0-99 group (9 plants), 100-999 (9 plants), and 1,000-10,
000 group (7 plants)) were measured. Plants that more often introduce new components tend to
have fewer completely independent facbrication cells, One possible explanation is that more intro-
duction of new components can increase a chance of allowing materials to move across different
cells or work centers,

Within each group, the plants were ranked based on the percentages to conduct the K-W test.
As a result, we could not reject the null hypothesis (refer test statistics at relationship @ of Ap-
pendix A.), and concluded that three groups do not significantly differ with respect to the number
of independent fabrication cells,

Table 3 and 4 show relationships between the number of new components introduced per year
and cell layout configurations and material flow patterns of each cell respectively. Especially Table
4 suggests that if new components are more often introduced, the material flow of fabrication cells
are more likely to be in a random fashion. However, we could not reject the null hypotheses in
both cases (refer test statistics at relationship @ of Appendix A.). Therefore, there are no signifi-
cant relationships between new components introduced annually and the cell layout configurations
and material flow patterns. However, as the number of new components increases, the numbers
and percentages of fabrication cells with random material flow go up. In 0-99 group (9 plants),
33% of fabrication cells are operated in a random flow, 44% in 100-999 group (9 plants), and 86%
in the 1,000-10,000 group (7 plants) respectively.



174 Moo —Jin Choi - Minjoon Jun BERS
Table 2. The Number of New Components Introduced Per Year vs,
The Number of Independent Fabrication Cells
Number of Total Number of
New Plant Number of Independent 9%+
Components Fabrication Fabrication
Cells Cells
1 3 3 100
2 9 9 100
3 40 30 75
0—99 4 12 7 58
(n=9) 5 6 3 50
6 8 4 50
7 10 4 40
8 10 3 30
9 15 0 0
1 30 30 100
2 5 5 100
100 — 999 3 1 1 100
(n=7) 4 23 15 65
5 2 29
6 0
7 1 0
1 2 100
2 3 33
1,000—10,000 3 40 0 0
(n=6) 4 12 0 0
5 6 0 0
6 4 0 0

Notes. The total number of plants is less than 28 because only plants with fabrication cells were

counted,

* Number of independent fabrication cells / Total number of fabrication cells X 100




B2 B The Effects of Product, Process, and Facilities Characteristics on the Conversion Processes~ 175

Table 3. The Number of New Components Introduced Per Year vs, Cell Layout Configur-
ation

Number of Plants
Cell Layout Number of New Components *
Configurations 0-5 100 — 400 1,000 — 10,000
(n=9) (n=9) (n=7)*
Linear /straight fabrication cells 6 (67)% 6 (67) 3 (43)
U-shaped fabrication cells 8 (89) 6 (67) 4 (57)
Circular fabrication cells 2 (22) 1(11) 2 (29)
Other: Undetermined 1 - -
Rectangular 1 - -
S-shaped - 1 . 1

Notes. * The total numer of plants is less than 28 because only plants with fabrication cells were
counted.
** The number in parenthesis is the percentage of plants with a particular type of cell to
the total number of plants in the group.

Table 4, The Number of New Components Introduced Per Year vs,
Material Flow Patterns of Each Cell

Number of Plants

Material Flow Number of New Components *
Patterns
0—-5 100 — 400 1,000 — 10,000
(n=9) (n=9) (n=7)%

Fabrication cells
with random flow 3 (33)% 4 (44) 6 (86)
Fabrication cells
with sequential flow
in one direction 8 (89) 8 (89) 4 (57)
Other: mixed mode - 1 v -

Notes. * The total numer of plants is less than 28 because only plants with fabrication cells were
counted.
** The number in the parenthesis is the percentage of plants with the particular type of
cell to the total number of plants in the group.
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5.4 Process Routing Characteristics vs. Analytical Processes of the Conversion

For analyses, 28 plants were classified into two groups based on number of different operations:
one is a group of plants with 10-24 operations (15 plants), and another is above 25 operations (13
plants).

The relationship between the number of different operations and actions taken were investigated
by comparing numbers and percentages of plants for each action taken. The M-W test could not
reject the null hypothesis (refer test statistics at relationship ® of Appendix A.). Besides the
Spearman rank correlation coefficient, ¥ is 0.804. The probability of observing the value of V. as
large as or larger than 0.804 is between 0.010 and 0.025. Therefore two-group’s ranks of actions
taken are very similar. '

Table 5 shows the relationship between the number of different operations and techniques
{methods) used for cell design. The techniques used more often by the high-variety group were 1)
from-to diagram among machines or work centers, ii) part /machine matrix rearrangement method,
iii) group technology coding and classification, iv) specialized GT simulation software, and v) gen-
eral computer simulation software. That is, plants with high variety of operation types more often
used sophisticated, formal cell design techniques. The M-W test rejected the null hypothesis {refer
test statistics at relationship ® of Appendix A.). Besides the Spearman ¥: is (.496. The prob-
ability of observing the value of 7. as large as or larger than 0.496 is between 0.050 and 0.100. In
summary, two groups show different preferences on the techniques used.

The relationship between the number of different operations and types of information used in
determining product groups and equipment types for MCs was examined by comparing number of
plants that indicated 4 or 5 for each information type used. The plants with low variety of
operations more often relied on process routing and set-up times. The Spearman ¥ is 0.627. The
probability of observing the value of 7. as large as or larger than 0.627 is between 0.005 and 0.010.

Therefore two groups have significantly different preference on information used.
5.5 Process Routing Characteristics vs. Conversion Outcomes

The relationship between the number of different operations and the number of independent fab-
rication cells was examined. Numbers and percentages of independent fabrication cells of each
plant that belonged to either low- or high-variety groups were measured, Within each group, the
plants were ranked based on percentages in order to conduct the M-W test. As a result, we could
not reject the null hypothesis (refer test statistics at relationship of Appendix A.) and

concluded that two groups do not significantly differ with respect to the number of independent
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Table 5, The Number of Different Operation vs. Techiques(Methods) Used

Number of Plants
Number of Defferent Operations
Techniques used Plant Group A Plant Group B
10 — 20 Above 25
(n=15) (n=13)
Visual examination of component
shape and size; manual sorting 10 (67)* 9 (69)
Manual sorting of routings 10 (67) 7 (54)
From-to diagrams among machines
or work centers 6 (40) 9 (69)
Frequency listing of machines in routings 7 (47) 7 (54)
Clustering techniques utilizing part or ma-
chine similarity coefficients 6 (40) 3 (23)
Part /machine matrix rearrangement method
[(For example, Production Flow Analysis 3 (20) 7 (54)
(PFA)]
Group technology coding and classification 4 (27) 8 (62)
systems
Specialized group technology (cell design) 2 (13) 5 (38)
simulation software
General computer simulation software 2 (13) . 5 (38)

» Number of plants /Number of plants in Group A or BXx100

fabrication cells.

Table 6 shows the relationship between the number of different operations and cell layout
configurations. One finding is that the high-variety group had more circular fabrication cells than
low-variety group had. The M-W test rejected the null hypothesis (refer test statistics at relation-
ship @ of Appendix A.), and therefore two-group’s cell layout configurations are significantly dif-
ferent.

The relationship between the number of different operations and material flow patterns of fabri-
cation cells is summarized in Table 7. As the number of different operation types increases, num-
ber of fabrication cells with random flow also goes up. The Median test rejected the null hypoth-
esis at P-value = 0.1164 ( T-value is - 1.5704). Therefore the two-group’s fabrication cells have dif-

ferent material flow patterns.
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Table 6. The Number of Different Operation Types vs. Cell Layout Configurations

Number of Plants
Cell Layout Number of Operations Types
Configurations Plant Group A Plant Group B
10 — 20 Above 25
(n=15) (n=13)*
Linear /straight
fabrication cells 8 (62)=* 7 (63)
U-shaped fabrication cells 9 (69) 7 (63)
Circular fabrication cells 1(8) 5 (45)
Other: undetermined - 4
rectangular 1 -
L & mixed 1 i
S-shaped 1 -

Note. * Total number of plants is less than 28 because only plants with fabrication cell were
counted.
** The number in the parenthesis is the percentage of plants with the particular type of cell
to the total number of plants in each group.

Table 7. The Number of Different Operation Types vs. Material Flow Patterns of
Fabrication Cells

Number of Plants
Material Flow
Patterns Number of Operations Types

Low variety group High variety group
10 — 24 (13 plants) above 25 (10 plants)*

MCs with random flow 4 (31)= 8 (80)

MCs with sequential flow 13 (100) 7 (70)

Other: mixed flow 1(8) : -

Note. * Total number of plants is less than 28 because only plants with fabrication cells were
counted.
»* The number in the parenthesis are percentages of cells with a particular material patterns
to the total number of cells in each group.
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Table 8 shows the relationship between the existence of bottleneck operations and cell layout
configurations. It indicates that the more bottleneck operations that plants have, the more
materials need to be moved across different cells or work centers. Statistically the M-W test
rejected the null hypotheses (refer test statistics at relationship @ of Appendix A.). Therefore
two groups with or without bottleneck operations significantly differ with respect to the cell lay-

out configurations,

Table 8. The Bottleneck Operations vs. The Number of Independent Fabrication Cells

Total Number of
Bottleneck Number of Independent 0
Operations * Plant Fabrication Fabrication %0 *
Cells Cells

1 30 30 100

2 9 9 100

3 5 5 100

No 4 3 3 100
(n=9) 5 2 2 100
6 1 1 100

7 40 30 75

8 12 0 0

9 1 0 0

1 23 15 65

2 16 10 63

3 12 7 58

4 8 4 50

5 6 3 50

6 10 4 40

Yes 7 9 3 33
(n=15) 3 10 3 30
9 7 2 29

10 15 0 0

11 40 0 0

12 6 0 0

13 5 0 0

14 4 0 0

15 4 0 0

Notes. * Total number of plants is less than 28 because only plants with fabrication cells were
counted.
** The percentage of independent fabrication cells to the total number of fabrication cells at
each plant,
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The relationships between the existence of special operations and the cell independence and ma-
terial flow patterns were examined respectively. Four(4) out of 7 plants (57%) without special
operations had completely independent cells, while 2 out of 16 plants (12.5%) with special
operations had completely independent cells (12.5%). Two out of 7 plants (28%) without special
operations had fabrication cells of random flow, whereas 11 out of 16 plants (69%) with special
operations had fabrication cells of random flow, One possible explanation of these findings is that
the more special operations plants have, the more likely the cells are independent, and the ma-
terial flows randomly. The M-W test also rejected the null hypothesis (refer test statistics at re-
lationship @ of Appendix A.). Therefore two groups with or without special operations signifi-
cantly differ with respect to the independence of fabrication cells, The Median test was conducted
to examine a statistical significance of the two-group’s difference on material flow patterns. As a
result, we rejected the null hypothesis at P-value = 0.1802 (T-value is-1.304). Therefore

two-group’s medians are not equal with respect to the material flow patterns.

5.6 Process Technology/ Facilities Characteristics vs. Conversion Outcomes

For analyses, numbers of simple, conventional, and single-purpose machine and complex,
programmable and multi-purpose machines {(e.g., NC machines) were obtained. Then plants were
classified into low-ratio group (20 plants ranged from 0.5 to 5) and high-ratio group (8 plants
ranged from 6 to 77) based on ratios of number of conventional machine to number of
programmable and multi-purpose machines arbitrarily, Therefore plants of the lowratio group have
more flexible, automatic machines for their MCs,

The relationship between types of equipment (facilities) and the independence of fabrication
cells was examined. While fabrication cells in 2 out of 15 low-ratio plants (13%) were completely
independent, ones in 4 out of 8 highratio plants (50%) were completely independent. Besides
percentages of independent cells of each plant were much lower in the low-ratio plant group (58,
50, 40, 33, 30, 28%) than those in the high-ratio plant group (75, 65, 63%). This indicates that the
duplicate, conventional machines may be dedicated to MCs, and can increase independence of fab-
rication cells. Statistically the M-W test rejected the null hypotheses (refer test statistics at re-
lationship ® of Appendix A.). Therefore two groups significantly differ with respect to indepen-
dence of fabrication cells,

The relationship between types of equipment (facilities) and cell layout configurations was
examined, Higher percentage of plants in high-ratio group (88%) had linear /straight fabrication
cells than those of low-ratio group (63%). More plants of low-ratio group (81%) had U-shaped
cells than those of high-ratio group (50%). This indicates that the availability of many duplicate
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machines makes it possible to organize machines more in a linear /straight fashion and have
materials flow in a sequential manner, However, the M-W test could not reject the mull hypoth-
eses (refer test statistics at relationship @ of Appendix A.). Therefore two groups do not signifi-

cantly differ with respect to cell layout configurations,
2. Summary and Discussion

The relationships between contingency variables and the processes and outcomes are summarized
in Table 9,

Table 9. Summary of selected relationships

Contingency variables
Product Process routing Process technology /fa-
characteristics characteristics cilities characteristics
Number of Number of New Number of Bottleneck Special Type of
product line { component type | component Operations Operations Operations equipment
Analytical [Actions taken A - - X - - -
process Technique used X - - 0 - - -
Information used N - - 0 - - -
Cell design [Types - - - - - -
outcomes  |Independence X X A X 0 0
Configurations A X O - A
Material flow patterns 0 a o} A O -
Component variety - - - - - - -
Areas of improvement -~ - - - - - . -

Note: O Statistically significant relationship
4 Related to some extent
X No relationship
— Not available
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Product variety (numbers of product lines or components) is related to the analytical processes
and outcomes of the conversions. Especially the relationships between component variety and cell
layout configurations and material flow patterns are worth to note. Lewis [30] and Kinney et al.
[24] concluded that part variety, batch size, and the degree of part similarity in terms of routings
and geometrictshapes are strongly related to the choice of analytical techniques.

This survey also indicates that the frequency of introducing new products is related to cell inde-
pendence and material flow patterns to some extent. Lewis [30] suggested that the product-mix
stability is strongly related to the steady design of MCs over years, MCs will not be successful in
plants with variable product-mix [29, 34]. The literature reports a need that MCs must be
designed to be adaptive to product demand and product-mix changes over years [17, 19, 24, 36, 37
41]. Suggestions for solving the problem are summarized in Choi [7].

Process routing characteristics are closely related to the analytical processes and outcomes of
the conversions. Plants’ choices on the techniques and information used for the cell design are re-
lated to the number of operation types. According to Willey et al. [47], when products are simple
to manufacture, it is easy to identify part families and machine groups, and then that may lead to
a more complete conversion to MCs.

Table 9 shows that the material flow pattern, independence, and configurations of MCs are
influenced by many factors. Therefore the argument that MCs’ layouts (configurations) are seldom
affected by the material flow patterns because the MCs are normally designed as independent
units is not supported [5]. In fact, the MCs’ layouts are closely related to the material flow
patterns that are influenced by equipment constraints, policy constraints, and routing factors, Es-
pecially the configurations and material flow patterns of MCs are influenced by the routing com-
plexity. Law [28] argued that when plants have severe complexity in material flow, they more
likely focus on simplification of material flow, and uses PFA (production flow analysis) technique
for factory reorganization,

Companies often face difficulties in relocating equipment due to the presence of special
operations (e.g., heat treatment, painting, chemical processing, inspection, etc.) and bottleneck
operations, Many case studies describe these problems [15, 16, 24, 26, 38, 40], and the solutions
are summarized in Choi [7].

The areas of improvement are also related to the presence of bottleneck and special operations.
Vakharia [42] suggested that improvement in setup times should be analyzed only in terms of
bottleneck facilities. Often proper treatments for bottleneck operations in MCs (e.g., adding
machines, job scheduling) can reduce setups significantly, Therefore savings in setup time can be
achieved through other arrangements than the introduction of MCs itself [5].

The number and type (e.g., cost, capability, and size) of equipment are related to the conver-
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sion outcomes, The operating independence and physical configurations of MCs are affected by the
number and type of machines and material handling equipment that plants already have [10, 11,
19, 27, 31]. These findings can be supported by arguments made by Astrop (2], Edwards [13],
Marklew {33], and Schonberger {37]. Companies, that have expensive, flexible machines, tend to
be driven by a goal that those machines must be utilized maximally regardless their capabilities fit
processing requirements or not. Such drive can place a higher priority on machine utilization than
cell independence and configurations. According to Kinney et al. [25], adding inexpensive, old
machines to the bottleneck operations may alleviate the need for inter-cell material move, and in-
crease cell independence. Kaiman et al. [21] suggested a cost-effective, modified cell structure ap-
proach to be used especially in plants equipped with expensive facilities, Olivier et al. [35] illus-
trate a problem caused by incompatible machines in the conversion to MCs. The flexible and
programmable machines also make it possible to implement flexible setups, and then it can reduce
setup costs [18]. However, improvements in setup through the cellular layouts are hard to be dis-

tinguished from those through improved machine capability itself,

7. Limitations and Suggestions for the Future Research

This paper suggested contingency variables that can affect the conversion processes and
outcomes, and investigated possible relationships between the selected variables and the conversion
processes and outcomes. The relationships are suggestive for conversion practices, but not
clear-cut and persuasive for an academic rationale, This weakness is mainly due to a nature of this
kind of research problem: complexity and comprehensiveness, In fact, respondents needed to
understand their products, operations, and manufacturing facilities in very detail, and were able to
cope with a comprehensive set of issues related to the conversion projects in order to properly
answer the questionnaire. Therefore even with a well designed questionnaire, the responses may
lack consistency and accuracy to some extent,

This line of research can be further advanced by focusing on a limited set of contingency
variables using more calibrated research methods such as multiple case studies. For example, the
scope of plant conversion can be measured by more than one variables (e.g., the percentages of
products manufactured or of equipment allocated in MCs), and various qualitative and quantitative
data are collected from multiple persons of each site. Then the data should be triangulated for ac-

curacy and synthesized to develop theories grounded on the multiple cases.
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Appendix A : Test Statistics of Relationships

{Mann-Whitney Test)

Relationships T-value Wiz Wi.» | a—value | Results
@ Number of product lines vs. Actions 28 9 40 .05 FTR=*
taken
® Number of product lines vs. 44.5 22 59 1 FTR
Techniques used
© Number of component types vs. 72 62 134 .1 FTR
Inforamtion used
@ Number of component types wvs. Inde- 53 39 93 1 FTR
pendence of FC
® Number of operations vs, Actions 26.5 12 37 1 FTR
taken
(® Number of operations vs. Techniques 24 26 - 1 R+
used
Number of operations vs, Independence 70 43 100 .1 FTR
of FC
® Number of operations vs. Cell layout 8 43 - 1 R
configuration
@ Bottleneck operations vs. Cell layout 111 35 100 .01 R
configuration
(D Special operations vs, Independence of 22 31 81 .05 R
FC
® Machine types vs, Independence of FC 22 25 95 .02 R
( Machine types vs. Cell layout configur- 7.5 2 14 .01 . FTR
ation
(Kruskall — Wallis one-way ANOVA by rank)
Relationships H. X Results
@ Number of new components vs, Indepen- 3.128 4.605 FTR
dence of FC
@ Number of new components vs. Material 0.8 0.07 FTR
flow pattern

* Failed to Reject the null hypothesis.
= Rejected the null hypothesis,
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