FLOW, SPACE, AND
ACTIVITY
RELATIONSHIPS

3.1 INTRODUCTION

In determining the requirements of a facility, three important considerations are flow,
space, and activity relationships. Flow depends on lot sizes, unit load sizes, materia}
handling equipment and strategies, layout arrangement, and building configuration.
8pace is a function of lot sizes, storage system, production equiprnent type and size,
layout arrangement, building configuration, housekeeping and organization policies,
material handling equipment, and office, cafetetia, and restroom design. Activity
relationships are defined by material or personnel flow, environmental consider-
ations, organizational structure, continuous improvement methodology (teamwork
activities), control issues, and process requirements,

As indicated in previous chapters, facilities planning is an iterative process.
The facilities planning team or the facilities planner needs to interact not only with
product, process, and schedule designers but also with top management to identify
alternative issues and steategies to consider in the analysis (i.e., lot sizes, storage-
handling strategies, office design, organizational structure, environmental policy).

The facilities planner also needs to continually investigate the impact of mod-
ern manufacturing approaches on flow, space, and activity relationships. For example,
concepts like decentralized storage, multiple receiving docks, deliveries to points of
use, decentralized management and support functions; quality at the source, cellu-
lar manufacturing, lean organizational structures, and small lot purchasing and pro-
duction could chalienge traditional activity relationships and reduce flow and space
requirements,

Some of the traditional activity rejationships to be challenged are ceniralized
offices, a centralized storage area, a single receiving area, and a centralized rework
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. area. Flow requirements are reduced with external and internal deliveries to points
of use, storage of inventories in decentialized storage areas close to points of use,
movement of material controlled by pull strategies with kanbans, and manufaceur-
ing cells. Less space is required for inventories; production, storage, and handling
equipment; offices; parking lots; and cafeterias.

Different procedures, forms, and tables to determine flow, space, and activity
relationships are covered in this chapter. Additionally, layout types are explained in
Section 3.2 (including a consideration of cellular manufacturing), the logistics sys-
temn is described in Section 3.3, and visual management is covered in Section 3.7,
Activity relationships are considered in Section 3.3. Sections 3.4 through 3.6 address
flow relationships. Space relationships are the subject of Section 3.7.

3.2 DEPARTMENTAL PLANNING

To facilitate the consideration of flow, space, and activity relationships, it is helpful
to introduce the subject of departmentat planning. At this point in the facilities plan-
ning process, we are not so concerned with organizational entities, Rather, we are
interested in forming planning departments. Planning departments can involve
production, support, administrative, and service areas (called production, support,
administrative, and service planning departments).

Production planning departments are collections of workstations to be grouped
together during the facilities Jayout process. The formulation of organizational units
should parallel the formation of planning departments. If for some reason the place-
ment of workstations violates certain organizational objectives, then modifications
should be made to the layout,

As a general rule, planning depariments may be determined by combining work-
stations that petform “like” functions, The difficulty with this general rule is the defi-
nition of the term “like.” “Like” could refer to workstations performing operations on
similar products or components or to workstations performing similar processes.

Depending on product volume-variety, production planning departments can
also be classified as product, fixed materials location, product family (or group tech-
nology), and process planning departments (see Figure 3.1). As examples of produc-
tion planning departments that consist of a combination of workstations performing
operations on similar products or components, consider engine block production line
departments, aircraft fuselage assembly departments, and uniform flat sheet metal
departments. As described in Chapter &, these are referred i as product planning
departments because they are formed by combining workstations that produce sim-
#lar products or components. Producet planning departments may be further sub-
divided by the characteristics of the products being produced.

Suppose a large, stable demand for a2 standardized product, like an engine
block, is to be met by production. In such a situation, the workstations should be
combined into a planning department so that all workstations required to produce
the product are combined. The resulting product planning department may be
referred to as production line department.

Next, suppose a low, sporadic demand exists for a product that is very large
and awkward 1o move, for example, an aircraft fuselage. The workstations should
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be combined into a planning department that inchades all workstations required to
produce the product and the staging area. This type of product planning depart-

ment may be referred to as a fixed materials location department,

A third type of product planning department may be identified when there
exists a medium demand for a2 medium number of similar components. Similar com-
ponents form a fFamily of components that, in group technology terminology, tmay
be produced via a “group” of workstations. The combination of the group of work-
stations results in a product planning department that may be referred to as a
product family department,

Examples of planning departments based on the combination of workstations
containing “similar” processes are metal cutting departments, gear cutting depart-
ments, and hobbing departments. Such planning depariments are referred 10 as
process departments because they are formed by combining workstations that
perform “similar” processes.

The difficulty in defining process departments is in the interpretation of the word
“similar,” For example, in a facility specializing in the production of gears, gear hob-
bing, gear shaping, and shaft turning might not be considered sim#lar and each might
be grouped into their own planning departments. However, in a facility producing
mechanical switching mechanisms, these same processes might be grouped into two,
not three, planning departments: a gear cutting department, containing similar gear
hobbing and shaping processes, and a turning department. Even more extreme, in a
furniture facllity, all metalworking might take place in a metalworking planning
department. Therefore, the same three processes might be seen to be similar and
grouped into a single process planning department, The determination of which work-
stations are to be considered similar depends on not only the workstations but also the
relationships among worlstations and between workstations and the overall facility.
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Most facilities consist of a mixture of product and process planning depart-
ments. For example, in a facility consisting of mainly process planning departments
producing a large variety of rather unrelated products, the detailed placement of
individual workstations within a process department might be based on a product
planning department philosophy. (As an illustration, all painting activities might be
grouped fogether in a painting process department. However, the layout of the
painting department can consist of a painting line designed on the basis of a prod-
uct planning department philosophy). Conversely, in a facility consisting mainly of
product planning departments producing a few, high-volume, standard products, it
would not be surprising to find several “specialized” components produced in
process planning departments.

A systematic approach should be used in combining workstations into depatt-
ments. Each product and component should be evaluated and the best approach
determined for combining workstations into planning departments. Table 3.1 sum-
marizes the bases for combining workstations into planning departments.

Support, administrative, and service planning departments include offices and
areas for storage, quality control, maintenance, administrative processes, cafeterias,
restrooms, lockers, and so on. Traditionally, support, administrative, and service
planning departments have been treated as “process” departments (similar activities
performed within a certain area),

Crganizations using modern manufacturing approaches are combining produc-
tion, support, administrative, and service planning departments to create integrated
production-support-administrative-service planning departments. For example, a man-
ufacturing cell dedicated 1o the production of a family of parts and with dedicated
support and administrative personnel and services (e.g., maintenance, quality, materi-

Table 3.1 Procedural Guide for Combining Workstations in Planning Departments
And the Method of Combining

The Type of Planning Workstations into Planning
If the Product Is Department Should Be Departments Should Be
Standardized and has a Production line, product  Combine all workstations required
large stable demand. department. to preduce the product,
Physically large, awkward  Fixed materials location, Combine all worltstations
to move, and has a low product depariment reqquired to produce the prod-
sporadic demand uct with the area required for

staging the product
Capable of being grouped  Product family, preduct Combine gll worlstations
into families of similar department required to produce the family
parts that may be of products
produced by a group
of workstations
None of the above Process department Combine identical work stations
: into initial plarming
departments and attempt o
combine similar initial planning
departments without cbscuring
important interrefationships
within departments
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als, engineering, tooling, purchasing, management, vending machines, restrooms,
{ockers)y could be an integrated planning department.

Many companies train their operators in most of the support, administrative,
and management functions so that they can become autonomous. In these cases,
the operators (called technicians or associates) plus a facilitator-coordinator ¢an
manage the operation of the manufacturing cell with minimum external support.

Activity relationships and flow and space requirements in a facility with self-
managing teams will be totaily different than in a facility with traditional produc-
tion, support, and administrative planning departments (less material, personnel,
tooling, and paperwork flow requirements and less space needs).

Many companies using modern manufacturing approaches are converting
their facilities to combinations of product and product family (group technology)
planning departments. Group technology layouts are combined with jusi-in-time
JIT) concepts in cellular manufacturing arrangements, A more detailed explanation
of group technology and cellular manufacturing follows.

Manufacturing Cells

Product family or group technology departments aggregate medium volume-variety
parts into families based on similar manufacturing operations or design atiributes,
Machines required to manufacture the part family are grouped together to form a “cell.”

Cellular manufacturing [1, 2, 3, 10, 31, 46] involves the use of manufacturing
celis. The manufacturing cells can be formed in a variety of ways, with the most pop-
ular involving grouping of machines, employees, materials, tooling, and material han-
dling and storage equipment to produce families of parts, Cellular manufacturing
became quite popular in the late 13005 and is often associated with just-in-time (JIT)
(19, 39, 40, 45], total quality management (TOM) [8, 13, 21, 22, 23, 24, 32, 38, 52, 53,
54), and lean manufacturing concepts and techniques [37, 51, 351 (For additional
information on lean manufacturing, explore the Web site for the Lean Enterprise
Institute, http://www.lean.org/.}

Successful implementation of manufacturing cells requires addressing selection,
design, operation, and control issues. Selection refers to the identification of machine
and part types for a particular cell. Cell design refers 1o layour and production and
material handling requirements. Opesation of a cell involves determining lot sizes,
scheduling, number of operators, type of operators, and type of production control
(push vs. puld). Finally, control of a celf refers to the methods used to measure the per-
formance of the cell.

Several appioaches have been proposed to address selection issues of manufac-
nuing cells. The most popular approaches are classification and coding, production
flow analysis, clustering techniques, hewristic procedures, and mathematical models
11, 2,5, 7, 14, 16, 17, 25, 26, 28, 30, 31, 44, 46, 58.

Classification is the grouping of parts into classes or part families based on
design attributes and coding is the representation of these attributes by assigning
numbers or symbols 10 them,

Production flow analysis [5] is a procedure for forming part families by ana-
lyzing the operation sequences and the production routing of a pait or component
through the plant.




84
Part One DEFINING REQUIREMEMNTS

Clustering methodologies are used o group parts together so they can be
processed as a family [7, 14, 16, 20, 26, 28, 31, 46, 58]. This methodology lists parts and
machines in rows and columns, and interchanges them based on some criterion like
similarity coefficients. For example, the direct clustering algoritbm (DCA) [7] forms
clustered groups based on sequentiafly moving rows and columns to the top and left.

Several heuristic procedures have been developed for the formation of cells
(2, 17, 20, 25, 46]. One developed by Ballakur and Steudel [2] assigns machines 1o
cells based on work toad factors and assigns parts to cells based on the percentage
of operations of & part processed within a cell,

Several other mathematical models have also been developed [1, 30, 46, 471,
One proposed by Al-Qattan [1] to form machine cells and families of parts is based
on the branch and bound methaod,

Singh and Rajamani [46) present a wide range of algorithms for forming manu-
facturing cells. Among those they consider are bond energy (BEA), rank-order clus-
tering (ROC and ROC2), modified rank-order clustering (MODROC), direct clustering
(I3CA), cluster identification (CIA), single linkage clustering (SLC), and linear cell clus-
tering (LCC} algorithms. In addition, they consider the use of mathematical program-
ming approaches, including formulating the cell formation problem as a p-median
coverting problem, an assignment problem, a quadratic assignment problem, and a
nonlinear optimization problem. Although of less practical interest, they also show
how simulated annealing, geneiic algorithms, and neural networks can be used to
address the problem of cell formation,

It is important o note that the formation of cells is seldom the responsibility
of the facilities planner. Instead, it is typically performed by the manufacturing engi-
neer in conjunction with the production plaaner. Cell formation, inventory control,
demand forecasting, assembly line balancing, and a host of other subjects are of
great interest and significance to facilities planning. However, they are seldom (if
ever) found in the domain of the facilities planner. For that reason, at most, we
mention them briefly, if at all.

Because cellular manufacturing is increasing in importance and application
and because it can significantly impact the facilities layout, we have chosen to intro-
duce the subject through the foliowing examples. For illustrative purposes, we will
limit our treatment 1o the use of the direct clustering algorithm developed by Chan
and Milner [7}. The DCA methodology is based on a machine-pant matrix in which
1 indicates that the part requires processing by the indicated machine; a blank indi-
cates the machine is not used for the particular part, The DCA methodology con-
sists of the following steps:

Step 1. Order the rows and columns. Sum the 1s in each column and in each
row of the machine-part matrix. Order the rows (top to bottom} in descend-
ing order of the number of 1s in the rows and order the columns (left to righty
in ascending order of the number of 1s in each. Where ties exist, break the
ties in descending numerical sequence,

Step 2. Sort the columns. Beginning with the first row of the matrix, shift to
the left of the matrix all ¢columns having a 1 in the first row. Continue the
process row-by-row unti! no further opportunity exists for shifting columns.

Step 3. Sort the rows, Column-by-column, beginning with the leftmost col-
amn, shift rows upward when opportunities exist to form blocks of 1s. (It
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Machine #
Part4 1 2 3 4 6 #ofls

fofls 3 2 2 2 2
Figurc 3.2 Machine-part matrix for Example 3.1.

should be noted that performing the column and row sortation is facilitated by
using spreadsheets, such as Excel.)

Step 4. Form cells. Look for opportunities to form cells such that alf process-
ing for each part accwrs in a single cell.

Example 3.1

Consider the machine-part matrix shown in Figure 3.2 for a situation involving 6 parts to
be processed; 5 machines are required. As noted above, the entries in the matrix indicate
the machine-part combination that is required; for example, part 1 requires machining by
machines 1 and 3.

Applying step 1 of the direct clustering algorithun, as shown in Figure 3.3, the
rows are ranked in descending order of the number of 1 and ties are broken in
descending numerical sequence, The row-ordered sequence of the part numbers is {3, 6,
4, 1, 5, 2). Likewise, the colurnns are arranged in ascending order of the number of 1s,

“with ties broken in descending numerical order; the resulting column-ordered sequence
of the machine numbers is {5, 4, 3, 2, 1}. The ordered machine-part mairix is shown in
Figure 3.3.

Step 2 involves sorting the columns to move toward the left all columns having a I
in the first row, which represents part 3. Since the columns for machines 5 and 4 are
already located to the left of the matrix, only the column for machine 2 can be shifted.
That is the only column shift required for this example. The resulting column-sotted
machine-part matrix is depicted in Figure 3.4,

Step 3 consists of sorting the rows by moving upward rows having a 1 in the first
column that are not already located as far toward the top of the matrix as possible, Since

Machine # Machine &

Pat# B 4 3 A1 #Hofls Part# 5 4 2 3 1 #ofls
3|11 1 1 3 3|1 1 1 3
611 1 2 611 1 2
4 1 1|2 4 1 1]2
1 2 1 2
5 1 5 1
2 1)1 2 1]1

#ofls 2 2 2 2 3 Bofls 2 2 2 2 3

Figure 3.3 Ordered machine-part mateix. Figure 3.4 Column-sorted machine-part
matrix,
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Machine #

Pat# 5 4 2 3 1 #aofls Machine #
3i1 1 1 3 Part# 5 4 2 3 1
11 1 2 3
5 1 1 6
4 1 1z s
1 1 1]z 4
2 1]1 1

#ofls 2 2 2 2 3 2

Figure 3.5 Row-sorted machine-part Figure 3.6 Formation of two cells.

matrix,

none can be shified further for either machines 5 or 4, the first row to be moved is that for
part 5, based on its processing requirement with machine 2. The resulting row-sorted
machine-part matrix is shown in Figure 3.9.

In this case, as shown in Figure 3.9, the machines can be grouped into 2 cells, with
pats 3, 5 and 6 being processed in a cell made up of machines 2, 4, and 5 and with pars
1, 2, and 4 being processed in a cell consisting of machines 1 and 3, Unfortunately, it is
not always the case that cells can be formed without conflicts existing, as illustrated in
Example 3.2.

Example 3.2

Consider the machine-part matrix shown in Figure 3.7. Applying the DCA
methodology results in the ordered machire-part matrix shown in Figure 3.8. Notice that no
further improvement will occur by performing step 2 or step 3. Also, notice that because
machine 2 is needed for parts 3 and 5, a conflice exists; alternatively, we could say that
because part 5 requires machines 2 and 3, a conflict exists. As shown in Figure 3.9, two
cells can be formed, one consisting of machines 4 and S and the other consisting of
machines 1, 2, and 3, with the machining required for part 3 on machine 2 1o be resolved.
Alternatively, as shown in Figure 3.9b, machines 2, 4, and 5 can form a cell and machines 1
and 3 can form another cell; in this case, the machining of part 5 on machine 2 must be
resolved. Finally, as shown in Figure 3.9¢, the ceflular formation as given in Figure 3.9b can
be used, but with part 5 assigned 1o the cell consisting of machines 2, 4, and 5, as shown,
the pracessing of part 5 on machine 3 would need 1o be resolved for this cellular formation.
Examining Figure 3.9a, a possible solution comes {¢ mind. Depending on the
facility, if machines 2 and 3 can be located relatively dlose to one another, albeit in

Machine # Machine #

Part# 1 2 3 4 5 fofls Pat# 5 4 2 3 1 #ofls
1]1 1 2 3l 11 3
211 1 611 1L 4
3 1 1 113 5 11 1
411 1 2 4 1 1|2
5 1 1 2 1 1 1|2
G 1 1|2 2 1|1

#ofls 3 2 3 2 2 #fofls 2 2 2 2 3

Figure 3.7 Machine-part matrix. Figure 3.8 Ordered machine-part matrix.
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Machine # Machine #
Parté¥ 5 4 2z 3 1 Pat# 5 4 2 3 1
3f 3
& 6
5 5
4 4
1 1
2 2
() (&Y
Machine #

Faitd§ 5 4 2 3 1

M = Bon ;oW

(c}
Hgure 3.9 Formation of cells with *bottleneck” machine 2 or 3.

diffetent cells, then part 5 could be processed by machines on the *boundaries” of

the cells.

Anather option is to duplicate machine 2 and place it in each cell, as shown in
Figure 3.10a. Alternatively, as shown in Figure 3.10b, machine 3 could be duplicated and
placed in each cell. The wadeoff between having a part iravel w© both cells versus having
to duplicate a machine depends on many factors, not the least of which is the overall
uiilization of the machine to be duplicated. For example, if the processing requirements for
parts 3 and 5 are such that multiple machines of type 2 are required, then the conflict
involving the formation of cells disappears or is minimized; likewise, if the volume of
processing required for part 5 fully utilizes machine 3, then providing another machine 3
to process paris 2 and 4 is a natural means of resolving the conflict.

The situation depicted in Example 3.2 points out a weakness of several of the cell
formation algorithms. Namely, the simplest ones do not take into account machine
utilization and the possibilities of multiple machines of a given type belng required.

Machine # Machine #
Part# 5 4 2a 2b 3 1 Part# % 4 2a 2b 3 1

o 3
6 &
5 5
4 4
2 2
H 1

(@) 3]

Figure 3.1¢ Formation of cells with duplicate of (g} machine 2 and (& machine 3.
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Exahéple 3.3

Consider the machine-part matrix for a siation involving 13 parts and 26 machines given
in Figure 3.11. Applying the DCA algorithm yields the results depicted in Figures 3.12
through 3.14. As with the previous example, step 3 was not required, since shifiing rows
would not improve the formation of cells. From Figure 3.14, it is evident that only 2 “pure”
cells can be formed, due to machines 1 and 3, However, if multiple machines are needed,
such that Figure 3.14¢ s feasible, then 3 “pure” cells can be formed for this example. As
noted in the previous éxample, an alternative approach is to form the cells as shown in
Figure 3.14b and locate machines 1 and 3 at the boundary between the cells A and B to
minimize matérial handling between cells,

L Using cellular manufacturing terminology, machines 1 and 3 are called “bottle-
neck” machines since they bind two cels together. When bottleneck conditions exist,
as discussed previously, one can attempt to minimize the distuptive effects of having
“parts from other cells intrude on neighboring cells by locating bottleneck machines at
the boundary between cells. Alternatively, the parts that require processing by the
bottteneck machines could be reexamined to determine if alternative processing
approaches can be used. Perthaps paris can be redesigned so that other machines can

Machine #

Pat# 1 2 3 4 5 5 7 B 9 10 11 12 13 14 15 1§ 17 1B 19 PD 2t 22 23 24 25 26 #ofls
L1l 1 1 1 1 1 1 1 1 9
211 1 1 1 1 1 1 1 1 9
il 1 1 i1 1 i1 1 9
411 1 1 1 1 1 11 1 9
§|1 1 1 11 1 11 1 3
6|1 1 1 11 1 1 1 1 9
711 1 i 1 1 i 1 1 i ]
8 t 1 1 1 1 1 1 1 8
] 1 1 ] 1 i 1 1 1 a
107 1 1 1 1 1 1 1 1 1 1}10
1|1 i P11 1 1 1 {10
1211 1 1 1 1 1% 1 1 1 110
131 I 1 1 1 1 1 1 1 1]1io

¥ofls 11 2 11 2 4 3 2 7 7 2 7 2 4 4 4 4 7 F o2 o2 4 7 2 4 4 4

Figure 3.11 Machine-part matrix.
Machine #

Partd 23 20 19 12 10 7 4 2 § 26 25 24 21 18 15 14 13 5 22 18 21 17 11 % 3 1 #ofls
13 1T 1 1t 1 1 11 1 t]1o0
12 I 1 11 1 ¢ 1 1 1]10
11 11 1 1 1 1 1 1 1 1110
10 1 11 1 1 1 1 1 1 1710
7 1 1 1 t 1 1t 1 1 19
-] 1 1 1 1 1 1 1 ' 1]+s
] 1 11 1 1 1 1 1 t]|s&
4 1t ¥ 1 1 1 1 1 1|9
3 1 1 1 1 1 1 1 1t 148@e
2 11 11 1 1 11 1%
i 11 1 1 ¢t 1 1 1 1|49
311 1 1 1 1 1 1 1 8
8f1 1 1 1 1 1 1 1 8

#o0f1s 2 2 2 2 2 2 2 2 3 4 4 4 4 4 4 4 4 4 7 ¥ 7 77T F o111

Figure 3.12 Ordered machine-part matrix.
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Wachine #

Parl4 3 1 26 28 24 21 16 15 14 13 27 18 17 11 % 8 £ § 23 204 19 12 10 7 4 2 {Hofls
131 1 1 1 1 ¢ 1 1 1 1 ia
1211 1 1.1 1 1 1 1 1 1 i0
i1y1 1 1 1 1 1 1 1 1 1 10
wjy1 11 1 1 ¢t 1 1 1 1 i1
7111 1 »1 1 1 1 | 9
61 1 1 11 1 1 11 El
541 1 1 1 1 1 1 11 9
411 1 I 1 1 1 1 1 1 g
3 1 1 1 1 1 1 1 E
211 1 11 1 1 1 1 I 9
1111 I 1.1 1 1 1 1 9
9 11 ¢ 1 1 1 1 1|8
g 1 1 ¥ 1 1 1 1 1 B

#ofls 11 1Y 4 4 4 4 4 4 4 4 7 7 7 7 7 7 3 4 2 2 2 2 2 2 2 2

Figure 3.13 Column-sorted machine-part matrix.

be used; in the best of all possibie worlds, the part would be redesigned for
processing by machines already assigned to the cell! If no better alternative is
available, then the possibility of cutsourcing the processing of the part should be
considered.

In the example, every part processed in the first cell is also processed in the second
cell. Hence, it is unlikely that the conflicts can be resolved by redesigning or cutsourcing
certain manufacturing steps for the pasts. As noted previously, the viability of adding
multiple machines of types 1 and 3 should be explored.

The cellular manufacturing system can be designed once the cells have been
formed. The system can be either decoupled or integrated. Typically, a decoupled
cellular manufacturing system uses a storage area to store part families after a cell
has finished operating on them, Whenever another cell or department is to operate
on the parts, they are retrieved from the storage area. Thus, the storage area acts as
a decoupler making the cells and departments independent of each other
Unfortunately, this leads to excessive material handling and poor responsiveness.

To eliminate such inefficiencies, many companies use an integrated approach
1o the design and layout of cellular manufacturing systems, Here, cells and depart-
ments are linked through the use of kanbans or cards.

Shown in Figure 3,15, production cards (POK) are used (o authorize produc-
tion of more components or subassemblies and withdrawal cards (WL} are used
to authorize delivery of more componenis, subassemblies, paris, and raw materials,

To understand what kanbans are, the motivation behind their developmert
needs to be discussed. Traditionally, when a workstation completes its set of oper-
ations, it pushes iis finished parts onto the next workstation irrespective of its need
for those paits. This is referred to as “push” production control, For a situation
where the supplying workstation operates at a rate faster than its consuming work-
station, parts will begin 1o build up. Eventually, the consummg workstation will be
overwhelmed with work.

To prevent this from happening, it would make sense if the supplying work-
station did not produce any parts uniil its consuming workstation requested parts.
This “pull” production control is typically called karnban Kanban means signal and
commonly uses cards to signal the supplying workstation that its consuming work-
station requests more parts.
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Machine 4
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Figure 3.14 Final solution to Example 3.3
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Figure 3.15 Integrated cellular manufacouring system,

The next phase in the design of a cellular manufacturing system is the layout of
each cell. Figure 3,10 illustrates an assembly cell layout at the Hewletti-Packard, Greely
Division [4]. The U-shaped arrangement of workstations significantly enhances visibil-
ity since the workers are aware of everything that is occumring within the cell, Notice
that the agenda easel ensures that all workers know what are the datly production
requirements of the cell. Materials flow from wotkstation to worlstation via kanbans,
Also, red and yellow lights or andons are used to stop production whenever 4 worlk-
station has a problem. Problems as they accur are tabulated on the “Problem” display.
This helps the workers by indicating potential problems that might arise.
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Figure 3.16  An assembly cell for disk drives, designed by workers
at Hewlett-Packard, Greely Division,

3.3 ACTIVITY RELATIONSHIPS

Activity relationships provide the basis for many decisions in the facilities planning
process, The primary relationships considered are

1. Organizational relationships, influenced by span of control and reporting
relationships .

2. Flow relationships, including the flow of materials, people, equipment, infor-
mation, and money

3. Control relationships, including centralized versus decentralized materials

conirel, real time versus batch inventory control, shop floor control, and levels
of automation and integration :
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Environmental relationships, including safety considerations and temperature,
noise, fumes, humidity, and dust

Process relationships other than those considered above, such as floor loadings,
requirements for water treatment, chemical processing, and special services

Several relationships can be expressed quantitatively; others must be expressed
qualitatively. Flow relationships, for example, are typically expressed in terms of the
number of moves per hour, the quantity of goods to be moved per shift, the
wrnover rate for inventory, the number of documents processed per month, and
the monthly expenditures for labor and materials.

Organizational velationships are usually represented formally by an organization
chart. However, informal organizational relationships often exist and should be con-
sidered in determining the activity relationships for an organization. As an example,
quality control may seem to have a limited organizational relationship with the receiv-
ing function in a warehouse; however, because of their requirement to interact closely,
informal organizational refationships generally develop between the two functions.
Organizational restructutings based on modern manufacturing approaches and moti-
vated by increased international competition are decentralizing and relocating func-
tions. The facilities design planner needs to be aware of such possibilities.

Flow relationships are quite important to the facilities planner, who views flow
as the movement of goods, materials, energy, information, and/or people. The
movement of refrigerators from the manufacturer through various levels of distri-
bution to the ultimate customer is an important flow process. The transmission of
sales orders from the sales department to the production control department is an
example of an information flow process. The movement of patients, staff, and vis-
itors through a hospital are examples of flow processes involving people,

The situations described are discrete flow processes where individual, discrete
items move through the flow process. A continuous flow process differs from z dis-
crete How process in that movement is perpetual. Exaroples of continuous flow
processes would include the flow of electricity, chemicals flowing through a pro-
cessing facility, and oil flowing through a pipeline. Although many of the concepts
described in this text are applicable 1o continuous flow processes, the primary
emphasis is on discreie flow processes.

A How process may be described in terms of the subject of flow, the resources
that bring about flow, and the communications that coordinate the resources, The
subject is the ftem to be processed. The resources that bring about flow are the pro-
cessing and transporting facilities required fo accomplish the required flow. The com-
munications that coordinate the resources include the procedures that facilitate the
management of the flow process. The perspective adopted for 2 flow process
depends on the breadth of subjects, resources, and communications that exist in a
particular situation.

if the flow process being considered is the flow of materials into a manu-
facturing facility, the flow process is typically referred to as a materials man-
agement system. The subjects of material management systems are the materials,
parts, and supplies purchased by a firm and required for the production. of its product.
The rescurces of material management systemns include;

1.  The production control and purchasing functions
2. The vendors
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Figure 3.17 Material management system,

3.  The transportation and material handling equipment required to move the
materials, parts, and supplies

4.  The receiving, storage, and accounting functions

The communications within material management systems include production fore-
,casts, inventory records, stock sequisitions, purchase orders, bills of lading, move
tickets, receiving reports, kanbans, electronic data interchange (EDD, and order
payment. A schematic of the material management system is given in Pigure 3.17,

" It the flow of materials, parts, and supplies within a manufacturing facility
is to be the subject of the flow process, the process is called the material flow sys-
tem. The type of material flow system is determined by the makeup of the activities
or planning depariments among which materials flow. As noted previously, there are
four types of production planning departments.

1.  Production line departments
2.  Fixed materials location departments -

3.  Product family departments
4. Process departments

Typical material flow systems for each department type are shown in Figure 3.18.
(Additional discussion regarding these layout alternatives is provided in Chapter 6,
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departments. (#) Fixed materials location planning departments. () Product family planning
depariments. (@) Process planning departments.




96
* . Past One  DEFINING REQUIREMENTS

Key
— w3 Flow subject
: Production [T Resources
hedule
w C

——-)-‘ Praduction Controf I
[

— Communications

I Work order reiease

I Stores |

| Move ticket
} Kanbans

| Material Handling

| Route sheets
¥ kanbans

Warehouse records

| Manufacturing Departments |

| Move ticket
i’ Assembly chart

L Assermbly Dapartment I

: Move ticket

|
|
}
;
{
{
i
|
|
|
i |
I 1 Move ticket 1‘
I |
I |
|
|
|
|
|
|
|
I
; ‘I" Kanbans

- | Warchouse |

Figure 3.19 Material flow system.

Sections 6.2 and 6.3.} The subjects of material flow systems are the materials, parts,
and supplies used by a firm in manufacturing its product. The resources of material
flow systems include:

1. The production control and quality control departments

2, The manufacturing, assembly, and storage departments

3. The material handling equipment required to move materials, parts, and supplics
4. The warehouse

Communication within the material flow system includes: production schedules,
work order releases, move tickets, kanbans, bar codes, route sheets, assembly
charts, and warehouse records. A schematic of the material flow system is given in
Figure 3.19.

If the flow of products from a manufacturing facility is to be the subject
of the flow, the flow process is referred to as the physical distribution system.
The subject of physical distribution systems are the finished goods produced by a
firm. The resources of physical distribution systems include:

1. The cusiomer
2, The sales and accounting departments and warchouses

3. The material bandling and transportation equipment required to move the
finished product

The distributors of the finished product
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Figure 3.20  Physical distribution system,

The communications within the physical distribution system include; sales orders,
packing lists, shipping reports, shipping releases, kanbans, EDI invoices, and bills
of lading. A schematic of the physical distribution system is given in Figure 3,20.
The material management, material How, and physical distribution system raay
be combined into one overall flow system. Such an overall flow process is referred to
as the logistics system. A schematic of the logistics system is given in Figure 3.21.
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Fgure 3.21 logistics system.
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Modérn manufacturing approaches are impacling the logistics system in differ-
nt ways. For example, some suppliers are locating facilities closer to the customer
10 deliver smaller lot sizes; customers are employing electronic data interchange sys-
tems and kanbans to request materials just-in-time; customers and suppliers are using
continuous communication technologies with transportation system operators o pre-
vent contingencies; products are being delivered to multiple receiving docks; products
are being received in decentralized storage areas (supermarkets) at the points of use;
in many cases, no receiving inspection is being performed (suppliers have been certi-
fied) and no paperwork is needed; production operatars are retrieving materials from
the supermarkets when needed; products are being moved short distances in mamu-
facturing cells and/or product planning arrangements; and simpler material handling
and storage equipment alternatives are being employed 1o receive, store, and move
materials (production operators perform retrieval and handling operations from super-
markets and among processes). These changes are creating efficient logistics sys-
tems with shorter lead times, lower cost, and better quality.

3.4 FLOW PATTERNS

The macroflow considerations of material management, material flow, physical dis-
tribution, and logistics are of value to the facilities planner in that they define the
overall flow environment within which movement takes place. Within the overall
fiow environment, a critical consideration is the pattern of flow. Patterns of flow
may be viewed from the perspective of flow within workstations, within depari-
menss, and between departments.

Flow Within Workstations

Motion studies and ergonomics considerations are important in establishing the flow
within workstations. For example, Aow within a workstation should be simultaneous,
symmetrical, natural, rhythmical, and habitual. Simuktaneous flow implies the coordi-
nated use of hands, arms, and feet. Hands, arms, and feet should begin and end their
motions together and should not be idle a1 the same instant except during rest periods,
Symmetrical flow results from the coordination of movements about the center of the
body. The left and right hands and arms should be working in coordination. Namral
flow patterns are the basis for rhythmical and habitual flow patterns. Natural move-
ments are continuous, curved, and make use of momentum, Rhythmical and habitual
flow implies a methadical, automatic sequence of activity. Rhythmical and habitual flow
patterns also allow for reduced mental, eye and muscle fatigue, and strain,

Flow Within Departments

The flow pattern within departments is dependent on the type of department. In a
product and/or product family department, the flow of work follows the product flow.
Product flows typically follow one of the patterns shown in Figure 3.22 End-to-end,
back-to-back, and odd-angle flow patterns are indicative of product departments
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= {0 [
(& ===

Figure 3.22  Flow within product departments. () End-to-end. (5 Back-to-back. (&) Front-
to-front. (d) Circular. (&) Odd-angle.

where one operator works at each workstation. Front-to-front flow patterns are used
when one operator works on two workstations and circular flow patterns are used
when one aperator works on more than two workstations,

In a process department, little flow should occur between workstations within
departments. Flow typically occurs between workstations and aisles, Flow patterns are
dictated by the orientation of the workstations to the aisies. Figure 3.23 illustrates three
workstation-aisle arrangements and the resulting flow patterns. The determination of
the preferred workstation-aisle arrangement pattern is dependent on the interactions
among wortkstation areas, available space, and size of the materials to be handled.
Diagonal flow patterns are typically used in comjunction with one-way aisles,
Aisles that suppot diagonal flow patterns often require less space than aisles with either
parallel or perpendicular workstation-aisle arrangements. However, one-way aisles also
result in less flexibility, Therefore, diagonal flow patterns are not utilized often,

Flow within workstations and within departments should be enriched and
enlarged to allow the operators not only to use their muscles but alsc their minds.
Multifunctional operators can work on more than one machine if needed and can
get involved in support and continuous improvement functions like quality, basic
maintenance, material handling, record keeping, performance measurement tracking,
and teamwaork. This means that flow and location of materials, tools, paperwork,
and quality verification devices should be considered in an integrated way.

| | | —| Aiste Alsle

L] ]
e
Aisles . . » [
Aisle
Aisle
(@) [{}] {c)

Figure 3.23 Flow within process departments. () Parallel. (5) Perpendicular, (¢} Diagonal.
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(a} (h) ] (d)
Figure 3.24¢ General flow patterns. (&) Straight-line. (&) U-shaped. {¢) S-shaped. (¢) W-shaped.

Flow Between Departments

Flow between departments is a ctiterion often used to evaluate overall flow within a
facitity. Flow typically consists of a combination of the four general flow patterns
shown in Figure 3.24 An important consicderation in combining the flow patterns
shown in Figure 3.24 is the location of the entrance and exit. As a result of the plot
plan or building construction, the location of the entrance (receiving department) and
exit (shipping department) is often fixed at a given locasion and flow within the facil-
ity conforms to these restrictions. A few examples of how flow within a facility may
be planned to conform to entrance and exit restrictions are given in Figure 3.25.

{z)

5

(e)

()

Figure 3.25 Flow within 2 facility considering the locations of the entrance and exit,
(e At the same location, (&) On adjacent sides. (¢) On the same side but at opposite ends.
() On opposite sides,
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important design issue in Just-In-Time Facilities is the determination of the
te number of receiving/shipping docks and decentralized storage areas
arkets) and their location. Each combination of number and location of
g/shipping docks and supermarkets should be analyzed in detail considering
ted layout-handling alternatives to identify flow-time-cost-quality impact.

FLOW PLANNING

ing effective flow involves combining the flow patterns given in Section 3.4
adequate aisles to obtain a progressive movement from origination to destina-
Effective flow within a facility includes the progressive movement of materi-
information, or people between departments. Effective flow within a department
lves the progressive movement of materials, information, or people befween
rk-stations. Effective flow within a workstatlon addresses the progressive move-
ment of materials, information, or people through the workstation,

As noted, effective flow planning is a hierarchical planning process. The effec-
tive flow within 2 facility is contingent vpon effective flow between departments.
Such flow depends on effective flow within departments, which depends on effec-
tive flow within workstations. This hierarchy is shown in Figure 3.26 Planning for
effective flow within the hierarchy requires the consideration of flow patterns and
flow principles.

Morris [33] defines a principle as “simply a loose statement of something
which has been noticed to be sometimes, but not always, true.” The following prin-
: ciples have been observed to frequently result in effective How: maximize directed
- flow paths, minimize flow, and minimize the costs of flow.

A directed flow path is an uninterrupted flow path progressing directly from
origination to destination. An uninterrupted flow path is a low path that does not
tntersect with other paths. Figure 3.27 illustrates the congestion and undesirable
intersections that may occur when flow paths are interrupted. A directed flow path
progressing from origination to destination is a flow path with no backtracking. As
can be seen in Figure 3.28 backiracking increases the length of the flow path. The

Effective
flow
between
departments

Effective flow
within departments
Effective flow
within workstations

Figure 3.26 Flow planning hierarchy,
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Hgure 3.27 The impact of interruptions on flow paths. (@) Uninterrupted flow paths.
(& Interrupted flow paths.

principile of minimizing flow represents the work simplification approach to mate-
rial fiow. The work simplification approach to material flow includes;

1.  Eliminating flow by planning for the delivery of materials, information, or peo-
ple directly to the point of ultimate use and eliminate intermediate steps

2. Minimizing multiple flows by planning for the flow between two consecufive
points of use to take place in as few movements as possible, preferably one

3. Combining flows and operations wherever possible by planning for the move-
ment of materials, information, or pzople to be combined with a pracessing step

The principle of minimizing the cost of How may be viewed from either of the
following two perspectives.

1. Minimize manual handling by minimizing walking, manual travel distances,
and motions,

2. Eliminate manual handling by mechanizing or automating flow to allow work-
ers to spend full time on their assigned tasks,

A s
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Flow PathA-B-A-C-D
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! |
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Figure 3.28 Illustration of how backtracking impacts the length of flow paths.
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MEASURING FLOW

mong departments i$ one of the most important factors in the arrangement of
partments within a facility. To evaluate alternative arangements, 2 measure of flow
be established. Flows may be specified in a quantitative manner or a qualitative
ner. Quantitative measures may include pieces per hour, moves per day, or
olinds per week, Qualitative measures may range from an absolute necessity that two
lepartments be close 1o each other to a preference that two depanments not be close
each other. In facilities having large volumes of materials, information, and people
oving between departments, a quantitative measure of flow will typically be the basis
-the atrangernent of departments. On the contrary, in facilides having very litfle actu-
movement of materials, information, and people flowing between departments, but
aving significant communication and organizational interrelations, a qualitative meas-
e of flow will typically serve as the basis for the arrangement of departments, Most
ften, a facility will have a need for both quantitative and qualitative measures of flow
nd both measures should be used.

A chart that can be useful in flow measurement is the mileage chart shown in
_Figure 3.29. Notice the diagonal of the mileage chart is blunk, since the question
“How far is it from New York to New York?” makes little sense. Furthermore, the
smileage chart is a symmetric matrix. {Distance charts do not have to be symmetric;
if one-way aisles or roads are used, distance between two points will seldom be
symmettic.) In Figure 3.29, it is 963 miles from Boston to Chicago and also 963 miles
from Chicago to Boston. When this occurs, the format of the mileage chart is often
changed to a triangular matrix as shown in Figure 3.30,

Quantitative Flow Measurement

Flows may be measured quantitatively in terms of the amount moved between
departments. The chart most often used to record these flows is a from-to chart, As

" 3
& g
§ & 2 w g =g 2 %
To r - w] N = o = g
51 = =0 - = =
s 8 & o2 3 B 0f
Frim g é 6 = & g §
Atlanta, GA 1037 674 795 8241 687 372 2496
Basion, MA 1037 - 063 1748 206 361 685 3005
Chicago, IL 674 963 917 802 452 784 2142
Dallas, TX 795 1748 017 -1552 1204 1166 1755
New York, NY 841 206 802 1552 368 489 2934
Pittsburgh, PA 687 561 452 1204 368 445 2578
Raleigh, NC 372 685 784 1166 489 445 2843
San Francisco, CA 3095 2142 1753 2034 2578 2845

Figure 329 Mileage chart.
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Atlanta, GA

Boston, MA

Chicago, IL

Dallas, TX

MNew York, NY

Pittshurg, PA

Raleigh, NC

San Francisco, CA

Figure 3.30 Triangular mileage chart.

can be seen in Figure 3.31, a from-to chart resembles the mileage chart given in
Figure 3.29. The from-tc chart is a square matrix, but is seldom symmetric. The lack
of symmetry is because there is no definite reason for the fiows from stores to
milling to be the same as the flows from milling to stores.

A from-to chart is constracted as follows:

1. List all departments down the row and across the column following the over-
all flow pattern. For example, Figure 3.32 shows various flow patterns that
result in the departments being listed as in Figure 3.31.

2.  Establish a measure of flow for the facility that accurately indicates equivalent
flow volumes. If the items moved are equivalent with respect to ease of move-
ment, the number of trips may bhe recorded in the from-to chart. If the items

v
To &0 % g
v, E £ 2 g E
From g5 & F 5 & g
Stores 12 f o 1 4
Milling 7 2
Turning 3 4
Press 3 1 1
Plate 3 . 1 4 3
Assembly 1 7
Warchouse :

Figure 331 From-to chart.
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Stores | Milling | Terning | Press | Plate | Assembily | Warehouse
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Press
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Warehouse Assembly Plate

Assembly

Miiling Tutning Warchouse

Tuming Warehouse

Milling Press

Assambly
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Figure 3.32 Flow patterns indicating the order of flow given in (&) Straight-line flow.
(5 U-shaped flow. (¢} S-shaped flow. (d) W-shaped flow.

moved vary in size, weight, value, risk of damage, shape, and so on, then
some common unit of measure may be established so that the quantities
recorded in the from-to chart represent the proper relationships among the
volumes of movement,

3. Based on the flow paths for the items to be moved and the established meas-

' ure of flow, record the flow volumes in the from-to chart.

Example 3.4

A firm produces three components. Components 1 and 2 have the same size and weight
and are equivalent with respect to movement. Component 3 is almost twice as large and
tnoving two units of either component 1 or 2 is equivalent to moving 1 unit of component 3.
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To
From A C B D E
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c @30 (32(7) = 14
0 30 14 0
@30 3@2A7 = 14
B @12
0 0 42 14
2R(7) = 14 @30
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E i o 0 0

Figure 3.33 From-fo chart for Example 3.4. The circled numbers represent component num-
bers and the mumber following the circled numbess indicates the volume of equivalent flows
for the component,

The departments included in the facility are 4, B, C, D, and K. The overall flow path is A~
B-C-D-E. The quantities to be produced and the componens routings are as follows:

Production Quantities

Component (per day) Routing
1 30 A-C-B-D-E
2 12 A-B-D-E
3 7 A-C-D-B-E

The first step in producing the from-to chart is to list the departments in order of the
overall flow down the rows and across the columns, Then by considering each unit of
component 3 moved to be equivalent to two moves of components 1 and 2, the flow
volumes may be recorded as shown in Figure 3.33,

Notice that flow volumes below the diagonal represent backtracking and the closer
the flow volumes are to the main diagonal, the shorter will be the move in the facility.
The moves below the diagonal in the from-to chart given in Figure 3.31 are turning to
milling, plate to milling, plate to turning, and assembly 1o stores. If these moves are
traced on the flow paths shown in Figure 3.32 it may be seen that they are all counter to
the overall flow pattern. The diagonal 1 units above the main diagonal in Figure 3.31
include the moves: stores to milling, press to plate, plate to assembly, and assembly to
warchouse. These moves may be seen in Figure 3.32a o be between adjacent
departments, or departments one department away. The diagonal Z units above the main
diagonal in Figure 3.31 include the moves: stores to turning, turning to plaie, and press
to assembly. These moves may be seen in Figure 3.32a to be of length two departments
away along the overall flow path. In a similas manner, the fifth diagonal units above the
diagonal includes the move stores to assembly, and the fifth diagonal unit belaw the
diagonal includes the move assembly to stores; these moves are five departments apart
along the averal]l flow path, with the move from assembly to stores being counter to the
direction of flow.
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Closeness Relationship Values

Value Closeness

Absolutely necessary
Especially important
[mportant

Chdinary closeness okay
Unimportant
Undesirable

OO O et

ualitative Flow Measurement

may be measured qualitatively using the closeness relationships values
veloped by Muther {34] and given in Table 3.2. The values may be recorded in
junction with the reasons for the closeness value using the relationship chart
iven in Figure 3.34.

A relationship chart may be constructed as follows:

List all departments on the relationship chart.

Conduct interviews or surveys with persons from each department listed on the
relationship chatt and with the management responsible for all departments,

] Importance of ralationship (top)
. Directors

conterence Value | Closeness
ropm
Absolutely
A necessary
. President Especially
E impartant
Reason in code | [mportant
. Sales department (balow) Ordinary

"Closeness” |

0 closeness okay
rating
u

Unimportant

X | Undesirakile

. Plant
manager

. Plant
engineering
office

. Praduction
supervlsor

Code Reason

1 | Frequency of use high
Frequency of use medium

. Controiler
office

Reason Behlnd the

"Closanese” Value | Freguency of use low

Information flow high
Information fiow medium

. Purchasing
department

o fom g ey [P0

Information fiow low

L

Figure 3.34 Relationship chart,
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The determination of production space requirements js presented in the follow-
ing sections. A section is also included to address the issue of visual management and
space requirements. Personnel and storage space requirements are presented in
Chapters 4 and 9, respectively.

Workstation Specification

Recall that a facility was defined in Chapter 1 as including the fixed assets required
to accomplish a specific objective. Because a workstation consists of the fixed assets
needed to perform specific operations, a workstation can be considered to be a facil-
ity. Although it has a rather narmow obhjective, the workstation is quite important.
Productivity of a firm is definitely related to the productivity of each workstation.

A workstation, like all facilities, includes space for equipment, materials, and
personnel. The equipment space for a workstation consists of space for:

1. The equipment

2 Machine travel

3.  Machine maintenance
4.  Plant services

Equipment space requirements should be readily available from machinery
data sheets. For machines already in operation, machinery data sheets should be
available from either the maintenance depariment’s equipment history records or
the accounting depariment's equipment inventory records. For new machines,
machinery data sheets should be available from the equipment supplier. If machinery
data sheets are not available, a physical inventory should be performed to deter-
mine at least the following;

pary

Machine manufacturer and type
Machine model and serial number
Location of machine safety stops
Floor loading requirement

Static height at maximum point
Maximum vertical travel

Static width at maximum point
Maximum travel to the left

A B i

Maximum travel to the right

10. Static depth at maximum point

11. Maximum travel toward the operator

12. Maximum travel away from the operator
13, Maintenance requirements and areas
14. Plant service requirements and areas

Floor area requirements for each: machine, including machine travel, can be
determined by multiplying total widthi (static width plus maximum travel to the left
and 1ight) by total depth (static depth pius maximum travel toward and away from
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perator). To the floor area requirement of the machine add the maintenance and
rvice area requirements. The resulting sum represents the total machinery area
machine. The sum of the machinery areas for all machines within a workstation
‘the machinery area requirement for the workstation.

'The materials areas for a workstation consist of space for:

Receiving and storing inbound materiais

In-process materials

Storing outhbound materials and shipping

Storing and shipping waste and scrap

Tools, fixtures, jigs, dies, and maintenance materjals

To determine the area requirements for receiving and storing materials, in-
rocess materials, and storing and shipping materials, the dimensions of the unit
oads to be handled and the flow of material through the machine must be known.
sufficient space should be allowed for the number of inbound and outbound unit
oads typically stored at the machine. If an inventory holding zone is included with-
n a department for incoming and outgoing materials, one might provide space fot
only two unit loads ahead of the machine and two unit loads after the machine.
- Depending on the material handling system, the minimum requirement for space
- might include that required for one unit load to be worked next, one unit load
being worked from, one unit load being worked to, and one unit load that has been
completed. Additional space may be needed to allow for in-process materials to be
placed into the machine, for material such as bar stock 10 extend beyond the
machine, and for the removal of material from the machine. Space for the removal
of waste (chips, trimmings, etc.) and scrap (defective parts) from the machine and
storage prior to removal from the workstation must be provided.

Organizations that use kanbans have reported the need for less space for
materials. Typically, only one or two containers or pallet loads of materials are kept
close to the workstation and the rest of the materials {regulated by the number of
kanbans) are located in a decentralized storage area (supermarket) located close by,
The only remaining material requirement to be added to that previousty men-
tioned in determining the total material area requirement is the space required for
tools, fixtures, jigs, dies, and maintenance materials. A decision with respect to the
storage of tools, fixtures, jigs, dies, and maintenance materials at the workstation or
in a central storage location will have a direct bearing on the area requirement. At
the very least, space must be provided for the accumulation of tools, fixtures, jigs,
dies, and maintenance materials required while altering the machine setup.

As the number of setups for 2 machine increases, so do the work station area
requirements for tools, fixtures, jigs, dies, and maintenance materials. Also, from a
security, damage, and space viewpoint, the desirability of a central storage lacation
increases,

Consequently, organizations should allocate space to the workstations accord-
ing to the concepts to be employed.

The personnel area for a workstation consists of space for:

The operator
Matesial handling
Operator ingress and egress
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Space requirements for the operator and for material handling depend on the
method used to perform the operation. The method should be determined using a
motion study of the task and an ergonomics study of the operator. The following
general guidelines are given to illustrate the factors 1o be considered.

1. Workstations should be designed so the operator can pick up and discharge
materials without walking or making long or awkward reaches.

2, Workstations should be designed for efficient and effective utilization of the
operator.

3. Workstations should be designed to minimize the time spent manually handling
materials,

4. Workstations should be designed 10 maximize operator safety comfort and
productivity.

5. Workstations should be designed to minimize hazards, fatigue, and eye strain.

In addition to the space required for the operator and for material handling, space must
be allowed for operator ingress and egress. A minimum of a 30-in. aiste is needed for
operator travel past stationary objects, If the operator walks between a stationary object
and an operating machine, a minimum of a 36-in. aisle is required, If the operator walks
between two operating machines, a minimum of a 42-in. aisle is needed.

Figure 3.35 illustrates the space requirements for a workstation. A sketch like
Figure 3.35 should be provided for each workstation in order to visualize the oper-
ator’s activities. The facilities planner should simulate the operator repotting 1o the
job, performing the task, changing the sctup, maintaining the machine, reacting to
emergency situations, going to lunch and breaks, cleaning the workstation, evalu-
ating quality, working in teams, responding to feedback boards, and leaving at the
end of the shift. Such a simulation will assure the adequacy of the space allocation
and may aid in significantly improving the overall operation.

Department Specification

Once the space requirements for individual workstations have been determined, the
space requirements for each department can be established, To do this, we need to
establish the departmental service requirements. Departmental area requirements
are not simply the sum of the areas of the individual workstations included within
the department, It is quite possible tools, dies, equipment maintenance, plant serv-
ices, housekeeping items, storage areas, operators, spare parts, kanban boards,
information-communication-recognition hoards, problem boatds, and andons may
be shared to save space and resources (see Figure 3.16). However, care must be
taken to ensure that operational interferences are not created by attempting to com-
bine areas needed by individual workstations. Additional space is required within
each department for material handling within the department. Aisle space require-
ments still cannot be determined exactly, as the department configurations, work-
station alignments, and material handling system have not been completely defined.
However, at this point we can approximate the space requirement for aisles, since
the relative sizes of the loads to be handled are known, Table 3.3 provides a guide
for use in estimating aisle space requirements.




113
3 TLOW, 5FACE, AND ACTIVITY RELATIONSHIPS

} 1

1
! I
| o« 1
E| é\\ |
] 1 !
] 1
] T~ !
i \\ :
: b 1
b 1
b BRs 1
| / i

N — | |
: : CING. MO, 3 _ VERT. MILL. E
l [ ] I] 13
i 6 x106x90 ] H.PD. |
1 | | )
1 |
1 o | =
I E %" g
1 : ®
! 2 . g
|n-process
materials
> Bench
4

¢ ) 57
\ / Incoming
¥~ T\ materiats
‘\ i Tool lockez
| 24" x 16°
I
! 1
| l
| ]
: 1

;
| b <724 I 1 IO [
} Workstation 1

Figure 3.35 Workstation sketch required to determine total area requirements.

Departmental service requirements equal the sum of the service requirements
for the individual workstations to be included in a depasrtment. These requirements,
as well ds departmental area requirements, should be recorded on a departmental
service and area requirements sheet. Such a sheet is shown in Figure 3.36.

Table 3.3 Afsle Allowarnce Estimates

Aisle Allowance

If the Largest Load Is Percentage Is*
Less than 6 fi* 5-10
Between 6 and 12 ft® 10-20
Between 12 and 18 fi? 20-30
Greater than 18 fi® 30-40

"Expressed as a percentage of the net area required for equipment, material, and personnel.
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ample 3.3

plannirg department for the ABC Company consists of 13 machines that petform turning
qurations. Five tirret lathes, six automatic screw machines, and two chuckers are included in
phanning department. Bar stock, in 8-ft bundles, is delivered to the machines. The
otprints” for the machines are 4 X 12 ft for turret lathes, 4 X 14 ft for screw machines, and
% & fi for chuckers. Personnel space footprints of 4 X 5 fi are used, Matedal storage
requirements are estimated to be 20 f? per turret lathe, 40 &% per screw machine, and 50 fi2
per chucker. An aisle space allowance of 13% is used, The space calculations are surnmarized
i Figuse 3.36, A total of 1447 f* of floor space is required for the planning deparment. I
space Is tv be provided in the planning department for a supervisor's desk, it must be added
o the total for equipment, materials, persoanel, and aisles,

: Notice that in this example, Company ABC has organized the machines in a process
planning department and that provisions for tooling, feedback boards, autonomous
maintenance, quick changeovers, quality assurance, and team meetings have not been
ncluded in the design. It is also assumed that flexible material handling equipment
alternatives are used to move materials, in-process inventory, and finished goods.

Aisle Arrangement

Aisles should be located in a facility to promote effective flow. Aisles may be classi-
fied as departmental aisles and main aisles. Consideration of departmental aisles will
be deferred until departmental Jayouts are established. Recall that space was allotted
for departmental aisles on the department service and area requirement sheet.

Planning aistes that are too narrow may result in congested facilities having
high levels of damage and safety problems. Conversely, planning aisles that are too
wide may result in wasted space and poor housekeeping practices, Aisle widths
should be determined by considering the type and volume of flow to be handled
by the aisle. The type of flow may be specified by considering the people and
equipment types using the aisle.

Table 3.4 specifies aisle widths for various types of flow. If the anticipated
flow over an aisle indicates that only on rare occasions will flow be taking place at
the same time in opposite directions, the aisle widths for main aisles may be

Table 3.4 Recommended Aisle Widths for Various Tyupes of Flow

Aisle Width
Type of Flow (feet
Tractors 12
3-ton Forklift 11
2-ton Forklift 10
1-ton Forklift o
Narrow aisle truck 6
Manual platform truck 5
Personnel 3
Personnel with doors opening into the aisle 6
from one side
Personnel with doors opening into the aisle 8

from two sides
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obtiained from Table 3.4. If, however, the anticipated flow in an aisle indicates that
two-way flow will occur frequently, the aisle width should equal the sum of the
aisle widths required for the types of flow in each direction.
Curves, jogs, or non-right angle intersections should be avoided in planning
for aisles. Aisles should be straight and lead to doors, Aisles along the outside wall
of 2 facility should be avoided unless the aisie is used for entering or leaving the facil-
ity. Column spacing should be considered when planning aisle spacing. When col-
umn spacing is not considered, the columns will often be located in the ajsle,
Columns are often used to border aisles, but rarely should be located in an aisle.

Visual Management and Space Requirements

Manufacturing management approaches can impact the way facilities are designed, For
example, consider the im

pact a visual management system (see Figure 3.37) might
have. Notice that the example shown has the following features:

A, Identification, housekeeping, and organization (one place for everything and

everything in place). Teams need to relate to a place they can identify as their
own. A clean envitonment where they work, meet, review indicators of the sta-
tus of the work, post information, display team identity symbols and examples
of their products, display standard production methods, and identify properly
locations for materials, tools, dies, fixtures, and so on. Figure 3.37 illustrates:

1, identification of the department;

2. identification of activities, fesources, and products;
3. identification of the team;

4

h

markings on the floor (kanban squares, dedicated location for material
handling equipment);

- markings of tools, racks, fixtires;

. technical area;

- communication and rest area;

- information and instructions; and

9. housekeeping tools.

B.  Visual documentation (toterances, work ins
machinery, self-inspection instructions,
floor charts}, Figure 3.37 iltustrates

10, manufacturing instructions and technical procedures area.

C.  Visual production, maintenance, inventory, and quality contral (wall-size
schedule charts, kanban boards, autonemous maintenance boards, alarm lamps

for machine malfunctions-andoss, visual pass/fail templates for quick reading

of gauges, charts generated by statistical process control methaods, and boards
on which problems are recorded). Figure 3.37 illustrates

11. computer terminal, '

12. production schedule,

13. maintenance schedule,

14. identification of inventories and work-in-process,

=B I < Y

tructions, operating instructions for
auditing procedures, plant layout, and
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15. meonitoring sighals for machines,
16. statistical process control, and
17. record of problems.

. Performance measurement (cbjectives, goals, indicators) to show the actual
game score. Supervisors, facilitators and workers together look at the situation
and examine ways to improve it. Figure 3.37 illustrates

18. abjectives, results, and differences.

E.  Progress status (visual mechanisms for tracking and celebrating progress and
improvement). Figure 3.37 illustrates

19. improvement activities and
20. company project and mission statement,

It is obvious that a visual management system will make a department look bet-
ter and will help production and support personnel achieve production and mainte-
nance schedules; control inventories, spare parts, and quality; conform to standards;
focus on objectives and goals; and provide follow up (o the continuous improvement
process. It is also obvious that to use space efficiently, facilities planners need to use
walls and aisles o display as much information as possibte and need to allow for ded-
icated areas for materials, dies, housekeeping and maintenance tools, seam meetings,
and computer terminals.

It is also obvious that a visual management system like that depicted in Fig-
ure 3.37 might be difficult to justify economically. If space and budgetary constraints
preclude implementing the ideal solution, then you should endeavor (o incorporate
in the final design as many of the desirable features of the visual management sys-
tern as can be justified. Sight iines are important, as are good housekeeping and dis-
playing essential information. Having a well-organized working environment will
pay dividends in the productivity of the workforce.

3.8 SUMMARY

Activity selationships and space requirements are essential elements of a facilities plan.
In this chapter we have emphasized the importance of their determination, as well
as indicated that such a determination will not be a simple process, In a sense, the
activity relationships and space requirements used in facilities planning provide the
foundation for the facility plan, How well the facility achieves its objectives is depend-
ent on the accuracy and completeness of activity relationships and space requirements.

Among the activity relationships considered, How relationships are of consid-
erable imporiance to the facilities planner. Included in the consideration of flow
relationships are the movement of goods, miaterials, information, and people. Flow
relationships were viewed on a microlevel as the flow within a workstation and on
a macrolevel as a logistics system. Flow relationships may be specified by defining
the subject, resources, and communications comprising a flow process. Flow rela-
tionships may be conceptualized by considering overall flow patterns and may be
analyzed by considering general flow principles. Both quantitative and qualitative
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measures of flow are to be considered. The evaluation of flow relationships is a pri-
mary criterion for good facilities plans and serves as the basis for developing most
facilities layouts.

We have also emphasized in this chapter the impact thar cellufar manufactur-
ing, visual management, and many other modern manufacturing approaches have
on flow, space, and activity relationships determination. The use of these concepts
could change dramatically building size and shape; external and internal flow; and
« Jocation of production, support, and administrative areas.
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PROBLEMS

.1 Explain the meaning of a material management system, a material flow system, and a
physical distribution system for a bank.

W
32  When would you recomumend a group techoology layout?
<, ‘33 The paper flow to be expected through one section of city hall consists of the following:
10 medical records per day from records to marriage licenses
i 7 certificates per day from printing to marriage leenses
e 6 blocd samples per day from martiage licenses to lab
6 blood sample reports per day from. lab to marriage licenses
" 1 bex of medical records per week from marriage licenses to records
The following load-equivalence conversions can be used:
" One medical record is equivalent to one certificate.
One medical record is equivalent to one-half of a blood sample.
, One medical record is equivalent to one blood sample report.
One medical record is equivaient to one-tenth of a box of medical records.
f Develop a from-to chait for this section of city hall and then develop a relationship
chart.
4 3.4 In designing the layout for an othopedic hospital, describe how the design might be

affected by the most impornant flow component being designated 10 be either patients,
doctars, murses, or access 1o expensive diagnostic equipment such as x-ray, cat-scan,
and magnetic resonance imaging equipment.
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3.5
3.6
3.7
38

3.9

3.10

31

Part One  DEFINING REQUIREMENTS

When would you recommend a fixed position layout?
Which layout type is very popular in Just-In-Tlme facilities? Explain why.
Mention three Jimitations of the process layout type.

Use the direct clustering algorithm to form cells for the machine-part matrix shown
below. If conflicts exist, propose alternative approaches for resolving the conflicts.

Machine #
Partd# 1 2 3 34
1 1 i
2|1
3 1
4i1 1

For the machine-part matrix shown below, form cells using the direct clustering algo-
rithm and, if conflicts exist, propose alternative approaches for resolving the conflicts,

Machine #

Part# 1 2 3 4 &5

1)1 1

2

3 1 1 1

371 1

5 1

[ 1 1

Singh and Rajamani [46] provide data for a local wood manufacturer that wants o
decrease material handling by changing from a process layout to a GT layoul. It is con-
sidering installing a conveyor for intracellular movement of parts. It wishes 1o restrict
interacelluiar movemnent. The machine-part matrix for the wood manufacturer is shown
below. Use DCA to form the cells and, if conflicts exist, propose alternative approaches
for resolving the conflicts.

Machine #

Part# 1 2 3 4 5 8§

1 1 1

211 1

3 1 1

411 1

51

G 1 1

7 1 1

8 1 1

For Problem 3,10, suppose the machine-part matrix for the wood manufacturer is as
shown below. Use DCA to form the cells and, if conflicts exist, propose alternative
approaches for resolving the conflicts.
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Machine #

Pat# 1 2 3 4 5 &
1 1 1 1
211 1
k! 1 1
411 1
i1 1
6 11
7 1 i
8 1 1

Visit a local fast-food restaurant. Describe in detail the arrangement of aisles for the cus-
tomers (the service line, the booth area, etc.} and the arrangement of aisles for the work-
ers {the area behind the counter) by sketching a layout. Draw the flow of the customers
and employees on the layout, Explain how the flow of the workers and customers would
change Iif the layour was different. Is there adequate space for the customers and the
employees to operate efficiently? Can any improvement in the layout create a more effi-
cient flow? Describe any visual management approaches being used,

Choose ten main components of a kitchen, (e.g., oven, sink). Develop a relationship
chart of the ten components. Sketch a kitchen containing the ten components and
arrange them based upon the relationship chart findings.

What is the impact of "backtracking” in a manufacturing process? Discuss several meth-
ods to prevent "backtracking” from occurring.

What are the pros and cons of having multiple input/output poings (receiving and ship-
ping areas) in a given manufacturing facility (list at least three of each) What types of
considerations should a facilities designer take into account when determining whether
or not to use multiple input/output points?

Which information does the facilities designer need from top management, product
designer, process designer, and schedule designer? Deseribe at least ten modern man-
ufacturing approaches that impact drastically the facilities design process.

Provide at least 10 benefits of using manufacturing cells. Which modern manufactur-
ing approaches are usually employed in conjunction with manufacturing cells (include
at least 100?

Develop a part-machine matrix like the one in Figure 3.2 for a situation with ten parts
and 15 machines. Use the DCA methodology to identify clusters {(cells) of parts and
machines. Do you have a bottleneck machine? Recommend at least three differemt
ways to resolve this situation.

Define a kanban, Which are the different types of kanbans? List at least five benefits
of using kanbans. Why are kanbans important in cellular manufacturing?

Mention at Jeast seven benefits of using U-shape arrangements in manufacturing cells.
Describe the impact of modern manufacturing approaches on the logistics system.
Which new functions are being managed by multifunctional operators? Desctibe the
impact of this new roles on activity relationships and flow and space requirements.
Why is it important for 2 facilities planner to consider the logistics system?

Go 10 a local quick food hamburger restaurant and assess the impact of the order
taker's workstation on the overall facility flow. Desctibe the process and make recom-
mendations for improvement.

What are the trade-offs involved in parallel, perpendicular, and diagonal flow within
parking lots?
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Part One DEFINING REQUIREMENTS

w dre the flow principles taken into consideration by you from the time you wake
in the morning to go to school until you po to bed that evening? {Assume you did
not cut your classes and you did not stay up all night studying.)
Given the spatial schematic below, evaluate the flow path lengths for the following
COmponents: i

A B

a. Compenent T routing A-B-C-D-E-E
b. Component 2 routing A-C-B-D-E-F.
¢. Component 3 routing A-F-E-D-C-B-A-F
d. Component 4 routing A-C-E-B-D-F.

What is the impact on a city having streets that do not meet at right angles? Relate this -
to aisles. -.
A waiter at the famous French restaurant Joe's is interested in obtaining your help in
improving the layout of the serving area. After establishing the space needs for the salad .-
serving, beverage serving, dessert serving, soup serving, entree serving, and bill wiiting
arezs, you decide your next step is to develop a from-to chart. To do this you need to
establish equivalency of loads. Establish these equivalencies and explain your reasoning,
Given the following from-to chart, recommend an averall flow pattern that will reduce
flow,

To
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Develop a relationship chart for the relationships between you, your professor, depart-
ment chair, coltege dean, and university president. Develop another refationship chart
from your professor's view point for the same people.

Design z survey that is to be used to determine the relationships among departments
in a local bank.

Develop an activity relationship chart reflecting a swdent's perspective for the follow-
ing campus areas: classroom A, classroom B, classroom C, classroom D, professor's
office, registrar's office, financial aid office, resident hall room, dining area, parking
place for student’s automobile, library, computer lab, post office, barber shop or hair
salon, and coffee house for students, faculty, and staff Assume the student takes 2
classes in the morning in alphabetical order in classrooms A and B, plus 2 classes in
the afternoon in alphabetical order in classrooms C and D,

Develop an activity relationship chart that you believe reflects a professor’s petspectives
for the following campus areas: professar’s office, departmental office; academic dean’s
office, chief academic officer’s (provosts) office, university president’s office, libeary, class-
room for teaching, laboratory for research, staff assistant’s office, graduate assistant’s
office, professor’s parking space, faculty lounge, faculty dining area, restroom, post office,
barber shop or hair salon, departmental cotiference ronm, and coffee house.




