
Cellular manufacturing

Cellular manufacturing is a process of manufacturing
which is a subsection of just-in-time manufacturing and
leanmanufacturing encompassing group technology. The
goal of cellular manufacturing is to move as quickly as
possible, make a wide variety of similar products, while
making as little waste as possible. Cellular manufactur-
ing involves the use of multiple “cells” in an assembly line
fashion. Each of these cells is composed of one or mul-
tiple different machines which accomplish a certain task.
The product moves from one cell to the next, each station
completing part of the manufacturing process. Often the
cells are arranged in a “U-shape” design because this al-
lows for the overseer to move less and have the ability
to more readily watch over the entire process. One of
the biggest advantages of cellular manufacturing is the
amount of flexibility that it has. Since most of the ma-
chines are automatic, simple changes can be made very
rapidly. This allows for a variety of scaling for a product,
minor changes to the overall design, and in extreme cases,
entirely changing the overall design. These changes, al-
though tedious, can be accomplished extremely quickly
and precisely.[1]

A cell is created by consolidating the processes required
to create a specific output, such as a part or a set of in-
structions. These cells allow for the reduction of extra-
neous steps in the process of creating the specific out-
put, and facilitate quick identification of problems and
encourage communication of employees within the cell
in order to resolve issues that arise quickly. Once im-
plemented, cellular manufacturing has been said to reli-
ably createmassive gains in productivity and quality while
simultaneously reducing the amount of inventory, space
and lead time required to create a product. It is for this
reason that the one-piece-flow cell has been called “the
ultimate in lean production.”[1]

1 History

Cellular manufacturing is derivative of principles of
group technology, which were proposed by Flanders in
1925[2] and adopted in Russia by Mitrofanov in 1933
(whose book[3] was translated into English in 1959). Bur-
bidge actively promoted group technology in the 1970s.[4]
“Apparently, Japanese firms began implementing cellular
manufacturing sometime in the 1970s,” and in the 1980s
cells migrated to the United States as an element of just-
in-time (JIT) production.[5]

One of the first English-language books to discuss cel-

lular manufacturing, that of Hall in 1983, referred to a
cell as a “U-line,” for the common, or ideal, U-shaped
configuration of a cell[6]—ideal because that shape puts
all cell processes and operatives into a cluster, afford-
ing high visibility and contact. By 1990 cells had come
to be treated as foundation practices in JIT manufactur-
ing, so much so that Harmon and Peterson, in their book,
Reinventing the Factory, included a section entitled, “Cell:
Fundamental Factory of the Future”.[7] Cellular manu-
facturing was carried forward in the 1990s, when just-in-
time was renamed lean manufacturing.[8] Finally, when
JIT/lean became widely attractive in the service sector,
cellular concepts found their way into that realm; for ex-
ample, Hyer andWemmerlöv’s final chapter is devoted to
office cells.[9]

2 Cell design

Cells are created in a workplace to facilitate flow. This
is accomplished by bringing together operations (or ma-
chines, or people) involved in a processing sequence of
a products natural flow and grouping them close to one
another, distinct from other groups. This grouping is
called a cell. These cells are used to improve many fac-
tors in a manufacturing setting by allowing one-piece flow
to occur.[1][10] An example of one-piece flow would be
in the production of a metallic case part that arrives at
the factory from the vendor in separate pieces, requiring
assembly. First, the pieces would be moved from stor-
age to the cell, where they would be welded together,
then polished, then coated, and finally packaged. All of
these steps would be completed in a single cell, so as
to minimize various factors (called non-value-added pro-
cesses/steps) such as time required to transport materi-
als between steps. Some common formats of single cells
are: the U-shape (good for communication and quick
movement of workers), the straight line, or the L-shape.
The number of workers inside these formations depend
on current demand and can be modulated to increase or
decrease production. For example, if a cell is normally
occupied by two workers and demand is doubled, four
workers should be placed in the cell. Similarly, if demand
halves, one worker will occupy the cell. Since cells have
a variety of differing equipment, it is therefore a require-
ment that any employee is skilled at multiple processes.[1]

While there exist many advantages to forming cells, there
are some obvious benefits. It is quickly evident from ob-
servation of cells where inefficiencies lie, such as when
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This figure fromThe ToyotaWay shows the design of aU-shaped
cell, graphing the paths of two employees through it.

an employee is too busy or relatively inactive. Resolving
these inefficiencies can increase production and produc-
tivity by up to and above 100% in many cases. In addition
to this, formation of cells consistently frees up floor space
in the manufacturing/assembly environment (by having
inventory only where it is absolutely required), improves
safety in the work environment (due to smaller quantities
of product/inventory being handled), improves moral (by
imparting feelings of accomplishment and satisfaction in
employees), reduces cost of inventory, and reducing in-
ventory obsolescence.[1]

When formation of a cell would be too difficult, a simple
principle is applied in order to improve efficiencies and
flow, that is, to preform processes in a specific location
and gather materials to that point at a rate dictated by an
average of customer demand (this rate is called the takt
time). This is referred to as the Pacemaker Process.[10]

Despite the advantages of designing for one-piece-flow,
the formation of a cell must be carefully considered be-
fore implementation. Use of costly and complex equip-
ment that tends to break down can cause massive delays
in the production and will ruin output until they can be
brought back online.[1]

“A cell is a small organizational
unit...designed to exploit similarities in
how you process information, make products,
and serve customers. Manufacturing cells
[closely locate] people and equipment required
for processing families of like products.
[Prior to cellularization, parts] may have
traveled miles to visit all the equipment and
labor needed for their fabrication... After
reorganization, families of similar parts
are produced together within the physical
confines of cells that house most or all of

the required resources,...facilitating the rapid
flow and efficient processing of material and
information... Furthermore, cell operators can
be cross-trained in several machines, engage
in job rotation, and assume responsibilities
for tasks [that] previously belonged to super-
visors and support staff [including] activities
such as planning and scheduling, quality
control, trouble-shooting, parts ordering,
interfacing with customers and suppliers, and
record-keeping.”[11]

The short travel distances within cells serve to quicken the
flows. Moreover, the compactness of a cell minimizes
space that might allow build-ups of inventory between
cell stations. To formalize that advantage, cells often have
designed-in rules or physical devices that limit the amount
of inventory between stations. Such a rule is known, in
JIT/lean parlance, as kanban (from the Japanese), which
establishes a maximum number of units allowable be-
tween a providing and a using work station. (Discus-
sion and illustrations of cells in combinations with kanban
are found in[12]) The simplest form, kanban squares, are
marked areas on floors or tables between work stations.
The rule, applied to the producing station: “If all squares
are full, stop. If not, fill them up.”[13]

An office cell applies the same ideas: clusters of broadly
trained cell-team members that, in concert, quickly han-
dle all of the processing for a family of services or
customers.[14]

A virtual cell is a variation in which all cell resources are
not brought together in a physical space. In a virtual cell,
as in the standard model, team members and their equip-
ment are dedicated to a family of products or services.
Although people and equipment are physically dispersed,
as in a job shop, their narrow product focus aims for and
achieves quick throughput, with all its advantages, just as
if the equipment were moved into a cellular cluster.[15]
Lacking the visibility of physical cells, virtual cells may
employ the discipline of kanban rules in order to tightly
link the flows from process to process.
A simple but rather complete description of cell imple-
mentation comes from a 1985 booklet of 96 pages by
Kone Corp. in Finland, producer of elevators, escalators,
and the like. Excerpts follow:

“The first step involved creating cells in the
assembly, electrical and chemical testing de-
partments. In April 1984 six cells, identified by
different colors, were established... All devices
manufactured in cells are identified by the cell’s
color, and all feed-back from quality control is
directed straight to the workers of the cell con-
cerned... The second step, in summer, 1984,
was to “cellularize” manufacture of the ana-
lyzer subassemblies [that are] needed in the an-
alyzer cells, and to test them if necessary. Pro-
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duction of the five sub-assembly cells consists
exclusively of certain analyzer sub-units. The
parts and materials are located in the cells...
Material control between the cells is based on
the pull system and actual demand. In the an-
alyzer cells there is a buffer consisting of two
pieces for each (roughly 25 different) sub-unit.
When one piece is taken into assembly, a new
one is ordered from the corresponding unit-
cell. The order is made [using] a magnetic
[kanban] button, which identifies the ordering
cell (by color), unit (by code), and order date...
When the manufacturing cell has completed
the order, the unit is taken with the [kanban]
button to its place on the ordering cell shelf.
Orders from the unit cells to the sub-cells are
based on the same principle. The only dif-
ference is that the buffer size is six sub-units.
This [procedure] was implemented in August,
1984.”[16]

3 Implementation process

In order to implement cellular manufacturing, a number
of steps must be performed. First, the parts to be made
must be grouped by similarity (in design or manufac-
turing requirements) into families.[17] Then a systematic
analysis of each family must be performed; typically in
the form of production flow analysis (PFA) for manufac-
turing families, or in the examination of design/product
data for design families.[17] This analysis can be time con-
suming and costly, but is important because a cell needs
to be created for each family of parts.
There are also a number of mathematical models and
algorithms to aid in planning a cellular manufacturing
center, which take into account a variety of impor-
tant variables such as, “multiple plant locations, multi-
market allocations with production planning and various
part mix.”[18] Once these variables are determined with
a given level of uncertainty, optimizations can be per-
formed tominimize factors such as, “total cost of holding,
inter-cell material handling, external transportation, fixed
cost for producing each part in each plant, machine and
labor salaries.”[18]

4 Difficulties in creating flow

The key to creating flow is continuous improvement to
production processes. Upon implementation of cellu-
lar manufacturing, management commonly “encounters
strong resistance from production workers”.[1] It will be
beneficial to allow the change to cellular manufacturing
to happen gradually.
It is also difficult to fight the desire to have some inventory

on hand. It is tempting, since it would be easier to recover
from an employee suddenly having to take sick leave.
Unfortunately, in cellular manufacturing, it is important
to remember the main tenants: “You sink or swim to-
gether as a unit” and that “Inventory hides problems and
inefficiencies.”[1] If the problems are not identified and
subsequently resolved, the process will not improve.
Another common set of problems stems from the need
to transfer materials between operations. These prob-
lems include, “exceptional elements, number of voids,
machine distances, bottleneck machines and parts, ma-
chine location and relocation, part routing, cell load vari-
ation, inter and intracellular material transferring, cell re-
configuring, dynamic part demands, and operation and
completion times.”[19] These difficulties need to be con-
sidered and addressed to create efficient flow in cellular
manufacturing.

5 Benefits and costs

Cellular manufacturing brings scattered processes to-
gether to form short, focused paths in concentrated phys-
ical space. So constructed, by logic a cell reduces flow
time, flow distance, floor space, inventory, handling,
scheduling transactions, and scrap and rework (the latter
because of quick discovery of nonconformities). More-
over, cells lead to simplified, higher validity costing, since
the costs of producing items are contained within the cell
rather scattered in distance and the passage of reporting
time.[20][21]

Cellular manufacturing facilitates both production and
quality control.[17] Cells that are underperforming in ei-
ther volume or quality can be easily isolated and targeted
for improvement. The segmentation of the production
process allows problems to be easily located and it is more
clear which parts are affected by the problem.
There are also a number of benefits for employees work-
ing in cellular manufacturing. The small cell structure
improves group cohesiveness and scales the manufactur-
ing process down to a more manageable level for the
workers.[17] Workers can more easily see problems or
possible improvements within their own cells and tend to
be more self-motivated to propose changes.[17] Addition-
ally, these improvements that are instigated by the work-
ers themselves cause less and less need for management,
so over time overhead costs can be reduced.[17] Further-
more, the workers often are able to rotate between tasks
within their cell, which offers variety in their work. This
can further increase efficiency because work monotony
has been linked to absenteeism and reduced production
quality.[18]

Case studies in just-in-time and lean manufacturing are
replete with impressive quantitative measures along those
lines. For example, BAE Systems, Platform Solutions
(Fort Wayne, Ind.), producing aircraft engine monitors
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and controls, implemented cells for 80 percent of pro-
duction, reducing customer lead time 90 percent, work-
in-process inventory 70 percent, space for one product
family from 6,000 square feet to 1,200 square feet, while
increasing product reliability 300 percent, multi-skilling
the union-shop work force, and being designated an In-
dustryWeek Best Plant for the year 2000.[22] By five years
later, rework and scrap had been cut 50 percent, new
product introduction cycles 60 percent, and transactions
90 percent, while also increasing inventory turns three-
fold and service turn times 30 percent, and being awarded
a Shingo Prize for the year 2005.[23]

It appears to be difficult to isolate how much of those
benefits accrue from cellular organization itself; among
many case studies researched for this article few include
attempts at isolating the benefits. One exception is the
contention, at Steward, Inc. (Chattanooga, Tenn.), pro-
ducing nickel zinc ferrite parts for electromagnetic in-
terference suppression. According to case study authors,
cells resulted in reductions of cycle time from 14 to 2
days, work-in-process inventories by 80 percent, finished
inventories by 60 percent, lateness by 96 percent, and
space by 56 percent.[24]

Another cellular case study includes quantitative esti-
mates of the extent to which cells contributed to overall
benefits. At Hughes Ground Systems Group (Fullerton,
Calif.), producing circuit cards for defense equipment,
the first cell, which began as a pilot project with 15 vol-
unteers, was launched in 1987. One month later a second
cell began, and by 1992 all production employees, num-
bering about 150, had been integrated into seven cells.
Prior to cells, circuit card cycle time, from kit release
to shipment to the customer, had been 38 weeks. Af-
ter the cells had taken over the full production sequence
(mechanical assembly, wave solder, thermal cycle, and
conformal coat), cycle time had fallen to 30.5 weeks,
of which production manager John Reiss attributed 20
weeks to use of a “WIP chart system” by the cell teams
and the other 10.5 weeks to the cellular organization it-
self. Later, when it seemed that the cells were overly large
and cumbersome, cell sizes were shrunk by two-thirds, re-
sulting in “micro cells” that cut cycle time by another 1.5
weeks. Finally, by adopting certain other improvements,
cycle times had decreased to four weeks. Other improve-
ments included reducing work-in-process inventory from
6 or 7 days to one day and percent defective from 0.04
to 0.01[25] Switching from a functional (job-shop) layout
to cells often costs has a minus net cost, inasmuch as the
cell reduces costs of transport, work-in-process and fin-
ished inventory, transactions, and rework.[26]When large,
heavy, expensive pieces of equipment (sometimes called
“monuments” in lean lingo) must be moved, however, the
initial costs can be high to the point where cells are not
feasible.[27]

There are a number of possible limitations to imple-
menting cellular manufacturing. Some argue that cellu-
lar manufacturing can lead to a decrease in production

flexibility.[17] Cells are typically designed to maintain a
specific flow volume of parts being produced. Should
the demand or necessary quantity decrease, the cells may
have to be realigned to match the new requirements,
which is a costly operation, and one not typically required
in other manufacturing setups.[17]

6 See also

• Cross-training (business)

• World class manufacturing

7 References
[1] Liker, Jeffery (2004). The Toyota Way. New York: Mc-

Graw Hill. pp. 31, 96–101.

[2] 5. Flanders, R.E. 1925. Design, manufacture, and pro-
duction control of a standard machine. Transactions of
ASME, Vol. 26, 691-738.

[3] 6. Mitrofanov, S.P. 1959. The scientific principles of
group technology. Leningrad (trans. By J.L. Grayson,
Birmingham University).

[4] 4. Burbidge, J.L. 1975. The Introduction to Group Tech-
nology. New York: John Wiley.

[5] Hyer, Nancy, and Urban Wemmerlöv. 2002. op. cit. p
20

[6] 7. Hall, Robert W. 1983. Zero Inventories. Homewood,
Ill., Dow Jones-Irwin. pp 120-126

[7] 8. Harmon, R.L., and L.D. Peterson. 1990. Reinventing
the Factory: Productivity Breakthroughs in Manufacturing
Today. New York: Free Press. pp 118-123

[8] 2. Black, J. T., and Steve L. Hunter. 2003. op. cit.

[9] 1. Hyer, Nancy, and Urban Wemmerlöv. 2002. op. cit.,
pp 573-617

[10] Morgan, J.M. (2006). The Toyota Product Development
System. New York: Productivity Press. p. 97.

[11] 1. Hyer, Nancy, and Urban Wemmerlöv. 2002. op. cit. p
4

[12] 1. Hyer, Nancy, and Urban Wemmerlöv. 2002. op. cit.,
pp 332-338

[13] 3. Hall, Robert W. 1987. op. cit., p 92

[14] 1. Hyer, Nancy, and Urban Wemmerlöv. 2002. op. cit.,
p 5

[15] 1. Hyer, Nancy, and Urban Wemmerlöv. 2002. op. cit.,
pp 27, 136, 585-586

[16] “JIT-Production.” Hyvinkaa, Finland: Kone Corpora-
tion/ATF

https://en.wikipedia.org/wiki/Cellular_manufacturing#cite_note-22
https://en.wikipedia.org/wiki/Cellular_manufacturing#cite_note-23
https://en.wikipedia.org/wiki/Cellular_manufacturing#cite_note-24
https://en.wikipedia.org/wiki/Cellular_manufacturing#cite_note-25
https://en.wikipedia.org/wiki/Cellular_manufacturing#cite_note-26
https://en.wikipedia.org/wiki/Cellular_manufacturing#cite_note-27
https://en.wikipedia.org/wiki/Cellular_manufacturing#cite_note-:2-17
https://en.wikipedia.org/wiki/Cellular_manufacturing#cite_note-:2-17
https://en.wikipedia.org/wiki/Cross-training_(business)
https://en.wikipedia.org/wiki/World_class_manufacturing


5

[17] Inman, R. Anthony; Helm, Marilyn (2006). Encyclopedia
ofManagement. Detroit, MI: Gale Cengage Learning. pp.
72–78. ISBN 978-0-7876-6556-2.

[18] Aalaei, Amin; Davoudpour, Hamid. “A robust optimiza-
tion model for cellular manufacturing system into supply
chain management”. International Journal of Production
Economics. doi:10.1016/j.ijpe.2016.01.014.

[19] Delgoshaei, Aidin; Ariffin, Mohd Khairol Anuar Mohd;
Leman, Zulkiflle; Baharudin, B. T. Hang Tuah Bin;
Gomes, Chandima (2016-01-12). “Review of evolution
of cellular manufacturing system’s approaches: Mate-
rial transferring models”. International Journal of Preci-
sion Engineering and Manufacturing. 17 (1): 131–149.
doi:10.1007/s12541-016-0017-9. ISSN 2234-7593.

[20] 1. Hyer, Nancy, and Urban Wemmerlöv. 2002. op. cit.
Chapter 10: Cost Accounting and Cellular Manufactur-
ing, pp 281-310)

[21] Frecka, Thomas J. Accounting forManufacturing Produc-
tivity: A Set of Papers from an AME Meeting--Problems
and Directions in Cost Accounting. Association for Man-
ufacturing Excellence, 2nd Printing. Several of the 11 ar-
ticles in this report pertain to changes in cost accounting
stemming from JIT production, and cells in particular.

[22] 9. Sheridan, John L. 2000. “Lean Sigma synergy,” Indus-
try Week (October 16) pp 81-82.

[23] 10. 2005 Shingo Prize website.

[24] 11. Levasseur, Gerls A., Marilyn M. Helms, and Aleisha
A. Zink. 1995. “A Conversion from a functional to a
cellular manufacturing layout at Steward, Inc. Production
and Inventory Management. 3rd quarter, pp 37-42.

[25] Tonkin, Lea A.P. 1992. Hughes Ground Systems Group
Takes Aim at Defects, Delays. Target (May–June). pp
25-27

[26] 1. Hyer, Nancy, and Urban Wemmerlöv. 2002. op. cit.,
pp 225-232

[27] 1. Hyer, Nancy, and Urban Wemmerlöv. 2002. op cit.,
pp 519-521

8 Further reading
• Anbumalar, V.; Raja Chandra Sekar, M (De-
cember 2015). “METHODS FOR SOLVING
CELL FORMATION, STATIC LAYOUT AND
DYNAMIC LAYOUT CELLULAR MANUFAC-
TURING SYSTEM PROBLEMS: A REVIEW”
(PDF). Asian Journal of Science and Technology.

• Black, J. T. (1991). The Design of the Factory with
a Future, New York, NY: McGraw-Hill, Inc., 1991.

• Black, J. T. (2000). 'Lean Manufacturing Imple-
mentation', in Paul M. Swamidass (ed.), Innovations
in competitive manufacturing, Boston, Mass.; Lon-
don: Kluwer Academic, 177-86.

• Burbidge, J.L. (1978), The Principles of Production
Control, MacDonald and Evans, England, ISBN 0-
7121-1676-1.

• Brandon, John. (1996). Cellular Manufacturing:
Integrating Technology and Management, Somerset,
England: Research Studies Press LTD.

• Feld, William M., (2001). Lean Manufacturing:
tools, techniques, and how to use them, Boca Raton,
FL; Alexandria, VA: St. Lucie Press; Apics.

• Hyer, N.; Brown, K.A. 2003. Work cells with stay-
ing power: lessons for process-complete operations.
California Management Review 46/1 (Fall): 37-52.

• Houshyar, A. Nouri; Leman, Z; PakzadMoghadam,
H; Sulaiman, R (August 2014). “Review on Cel-
lular Manufacturing System and its Components”.
International Journal of Engineering and Advanced
Technology (IJEAT).

• İşlier, Attila (2015-01-01). “Cellular Manufactur-
ing Systems: Organization, Trends And Innova-
tive Methods”. Alphanumeric Journal 3 (2). ISSN
2148-2225

• Irani, Shahrukh. (1999). Handbook of Cellular
Manufacturing Systems, New York, NY: John Wi-
ley & Sons, Inc., 1999.

• Kannan, V.R. 1996. A virtual cellular manufac-
turing approach to batch production. Decision Sci-
ences. 27 (3), 519-539.

• McLean, C.R., H.M. Bloom, and T.H. Hopp. 1982.
The virtual manufacturing cell. Proceedings of
the Fourth IFAC/IFIP Conference on Information
Control Problems in Manufacturing Technology.
Gaithersburg, Md. (October).

• Singh, Nanua and Divakar Rajamani. (1996). Cel-
lular Manufacturing Systems Design, Planning and
Control, London, UK: Chapman & Hall.

• Schonberger, R.J. 2004. Make work cells work for
you. Quality Progress 3/74 (April 2004): 58-63.

• Swamdimass, Paul M. and Darlow, Neil R. (2000).
'Manufacturing Strategy', in Paul M. Swamidass
(ed.), Innovations in competitive manufacturing,
Boston, Mass.; London: Kluwer Academic, 17-24.

https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-7876-6556-2
http://www.sciencedirect.com/science/article/pii/S0925527316000153
http://www.sciencedirect.com/science/article/pii/S0925527316000153
http://www.sciencedirect.com/science/article/pii/S0925527316000153
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1016%252Fj.ijpe.2016.01.014
http://link.springer.com/article/10.1007/s12541-016-0017-9
http://link.springer.com/article/10.1007/s12541-016-0017-9
http://link.springer.com/article/10.1007/s12541-016-0017-9
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1007%252Fs12541-016-0017-9
https://en.wikipedia.org/wiki/International_Standard_Serial_Number
https://www.worldcat.org/issn/2234-7593
https://en.wikipedia.org/wiki/Special:BookSources/0712116761
https://en.wikipedia.org/wiki/Special:BookSources/0712116761


6 9 TEXT AND IMAGE SOURCES, CONTRIBUTORS, AND LICENSES

9 Text and image sources, contributors, and licenses

9.1 Text
• Cellular manufacturing Source: https://en.wikipedia.org/wiki/Cellular_manufacturing?oldid=764623022 Contributors: Michael Devore,
Discospinster, Giraffedata, Alansohn, Mandarax, Rjwilmsi, Aboujraf, Malcolma, Gohiking, SmackBot, LaurensvanLieshout, Chris the
speller, Colonies Chris, Sckchui, Dlohcierekim, ShelfSkewed, Cydebot, Paddles, Alaibot, Saibo, Burzmali, Wcrosbie, Philip Trueman,
Quissicks, Meganlaw15, PGWG, SieBot, Chris G Bot, Sfan00 IMG, Lbertolotti, KLWhitehead, XLinkBot, Dthomsen8, WikHead, Addbot,
Queenmomcat, Yobot, Fraggle81, Devraj aa, Barneybusa, Pinethicket, Crusoe8181, Ego White Tray, ClueBot NG, Helpful Pixie Bot,
Coxnich, Dietcoke3.14, FoCuSandLeArN, AmaryllisGardener, Ian (Wiki Ed), KasparBot, Shonzey, Known and knowable, RyanStoner157,
CAPTAIN RAJU, Blakes95, Erinwott, Awillson13 and Anonymous: 39

9.2 Images
• File:Ambox_wikify.svg Source: https://upload.wikimedia.org/wikipedia/commons/e/e1/Ambox_wikify.svg License: Public domain
Contributors: Own work Original artist: penubag

• File:Figure_8-4_from_The_Toyota_Way.png Source: https://upload.wikimedia.org/wikipedia/commons/5/52/Figure_8-4_from_
The_Toyota_Way.png License: CC BY-SA 4.0 Contributors: Own work Original artist: Erinwott

9.3 Content license
• Creative Commons Attribution-Share Alike 3.0

https://en.wikipedia.org/wiki/Cellular_manufacturing?oldid=764623022
https://upload.wikimedia.org/wikipedia/commons/e/e1/Ambox_wikify.svg
//commons.wikimedia.org/wiki/User:Penubag
https://upload.wikimedia.org/wikipedia/commons/5/52/Figure_8-4_from_The_Toyota_Way.png
https://upload.wikimedia.org/wikipedia/commons/5/52/Figure_8-4_from_The_Toyota_Way.png
//commons.wikimedia.org/w/index.php?title=User:Erinwott&action=edit&redlink=1
https://creativecommons.org/licenses/by-sa/3.0/

	History
	Cell design
	Implementation process 
	Difficulties in creating flow 
	Benefits and costs
	See also
	References
	Further reading
	Text and image sources, contributors, and licenses
	Text
	Images
	Content license


