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Group technology (GT) and cellular manufacturing involve grouping similar parts into families and arranging production machines into cells dedicated to each family. This improves production efficiency by reducing material handling needs and setup times. Key tasks for implementing GT include identifying part families and rearranging machines into cells. Common methods for identifying families are visual inspection, parts classification/coding systems, and production flow analysis. Parts classification systems involve assigning codes to parts based on design and manufacturing attributes to facilitate grouping. A well-known example is the Opitz coding system, which uses a nine-digit code describing attributes like shape, features, dimensions and processes. Production flow analysis examines the production steps for each part to group parts with similar flows.Read less
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	1. Automation in Manufacturing
(MEPD-4010/4014)
Mechatronics/Mechanical  Engineering
Unit 5: Group Technology and Cellular Manufacturing
By
Varun Pratap Singh
 


	2. Disclaimer
This document does  not claim any originality and cannot be used as a substitute for prescribed textbooks. The
information presented here is merely a collection by the subject faculty members for their respective teaching
assignments, research articles, subject books, and any other sources of information. Various sources, as mentioned on
each slides or at the end of the document as well as freely available material from the internet, were consulted for
preparing this document. The ownership of the information lies with the respective authors or institutions. Further, this
document is not intended to be used for commercial purposes and the subject faculty members are not accountable for
any issues, legal or otherwise, arising out of the use of this document. The subject faculty members make no
representations or warranties concerning the accuracy or completeness of the contents of this document and
specifically disclaim any implied warranties of merchantability or fitness for a particular purpose. The subject faculty
members shall be liable for any loss of profit or any other commercial damages, including but not limited to special,
incidental, consequential, or other damages.
 


	3. Content
1. Cellular manufacturing
2.  Group technology in manufacturing
3. Part families,
4. Parts classification and coding,
5. Production flow analysis,
6. Opitz-coding system,
7. Composite part concept,
8. Machine cell design,
9. Applications of GT.
 


	4. Syllabus
Unit 1: Production  systems Lectures
Categories of manufacturing systems, manufacturing support systems, automation in production systems, automated
manufacturing systems, opportunities for automation and computerization, types of automation, computerized manufacturing
support systems, reasons for automating, automation principles and strategies, the USA principle, ten strategies for automation,
automation migration strategy.
8
Unit 2: Automation and control technologies in production system Lectures
Basic elements of an automated system, advanced automation functions, levels of automation, continuous and discrete
control systems, computer process control, common measuring devices used in automation, desirable features for
selection of measuring devices.
8
Unit 3: Material handling system Lectures
Material handling equipment, design considerations for material handling system, material transport equipment, analysis of
material transport systems, storage systems and their performance and location strategies, conventional and automated storage
systems, overview of automatic identification and data capture, bar code technology, RFID, other AIDC technologies.
8
Unit 4: Production and assembly systems Lectures
Automated production lines- fundamentals, system configurations, work part transfer mechanisms, storage buffers, control of
production line, applications. Automated assembly systems- fundamentals, system configurations, parts delivery at work
stations, applications.
8
Unit 5: Cellular manufacturing Lectures
Group technology, part families, parts classification and coding, production flow analysis, Opitz coding system, composite part
concept, machine cell design, applications of GT.
7
Unit 6: Flexible manufacturing systems Lectures
Introduction to FMS, types of FMS, FMS components, applications and benefits, planning and implementation issues in FMS,
6
 


	5. Suggested Text/Reference Books
Text  Book:
1. Mikell P. Groover, Automation, Production Systems,
and Computer-integrated Manufacturing, prentice Hall.
Reference Book:
1. Theory of Automation of Production Planning and of Tooling:
Algorithms for Designing
Machine Tools in Automated Industrial Plants, By G. K.
Goranskiĭ"
2. Serope Kalpakjian and Steven R. Schmid, Manufacturing –
Engineering and
Technology, 7th Edition, Pearson.
3. Yoram Koren, Computer control of manufacturing system, 1st
edition.
4. Ibrahim Zeid , CAD/CAM : Theory & Practice, 2nd edition.
MOOC:
Introduction to Cellular Manufacturing- NPTEL Online Courses:
1. https://www.youtube.com/watch?v=toTYb7Sirm0 /
Video Lectures:
Mod-01 Lec-03 Introduction to Cellular Manufacturing
https://www.youtube.com/watch?v=toTYb7Sirm0
Mod-01 Lec-04 Cellular Manufacturing Applications,
Production Flow Analysis
https://www.youtube.com/watch?v=voN_297SXD8
YouTube Channel/videos:
1. https://www.youtube.com/watch?v=aTJDqrIby4U
2. https://www.youtube.com/watch?v=Ynhp8Wi2qwM
3. https://www.youtube.com/watch?v=Dwnbkwwn3iI
4. https://www.youtube.com/watch?v=OgKS1QyiK3c
In Class
For knowledge
 


	6. Group Technology and  Cellular Manufacturing
Group technology (GT) is a manufacturing philosophy in which similar parts are identified and grouped together to take
advantage of their similarities in design and production. Similar parts are arranged into part families. where each part family
possesses similar design and/or manufacturing characteristics.
For example, a plant producing 10,000 different part numbers may be able 10 group the vast majority of these parts into 30-40
distinct families.
It is reasonable to believe that the processing of each member of a given family is similar and this should result in
manufacturing efficiencies.
The efficiencies are generally achieved by arranging the production equipment into machine groups, or cells, to facilitate
work flow. Grouping the production equipment into machine cells, where each cell specializes in the production of a part
family is called cellular manufacturing.
Cellular manufacturing is an example of mixed model production. The origins of group technology and cellular production
can be traced to around 1925.
Group technology and cellular manufacturing are applicable in a wide variety of manufacturing situations. GT is most
appropriately applied under the following conditions:
• The plant currently uses traditional batch production and a process type layout, and this results in much material
handling effort, high in-process inventory, and long manufacturing lead times .
• The parts can be grouped Into part families. This is a necessary condition, Each machine cell is designed to produce a
given part family, or limited collection of part families, so it must be possible to group parts made in the plant into families.
However, it would be unusual to find a mid-volume production plant in which parts could not be grouper into part families.
Automation, Production Systems, and Computer-Integrated Manufacturing, Third Edition, by M.P. Groover.
Portion of this section are based on M.P. Groover; Fundamentals of manufacturing: Materials, processes and systems
 


	7. Group Technology and  Cellular Manufacturing
There are two major tasks that a company must undertake when it implements group technology. These two tasks represent
significant obstacles to the application of GT.
1. Identifying the part families. If the plant makes 10,000 different parts, reviewing all of the part drawings and grouping the
parts into families is a substantial task that consumes a significant amount of time.
2. Rearranging production machines into machine cells. It is time consuming and costly 10 plan and accomplish this
rearrangement, and the machines are not producing during the changeover
Automation, Production Systems, and Computer-Integrated Manufacturing, Third Edition, by M.P. Groover.
Portion of this section are based on M.P. Groover; Fundamentals of manufacturing: Materials, processes and systems
Group technology offers substantial benefits to companies that have the perseverance to implement it. The benefits include:
• GT promotes standardization of tooling, fixturing. and setups.
• Material handling is reduced because parts are moved within a machine cell rather than within the entire factory.
• Process planning and production scheduling are simplified.
• Setup times are reduced, resulting in lower manufacturing lead times.
• Work-in-process is reduced.
• Worker satisfaction usually improves when workers collaborate in a OT cell.
• Higher quality work is accomplished using group technology
https://www.youtube.com/watch?v=niXFjjYRLv0
 


	8. Part Families in  Cellular Manufacturing
Automation, Production Systems, and Computer-Integrated Manufacturing, Third Edition, by M.P. Groover.
Portion of this section are based on M.P. Groover; Fundamentals of manufacturing: Materials, processes and systems
A part family is a collection of parts that are similar either because of geometric shape and size or because similar
processing steps are required in their manufacture. The parts within a family are different, but their similarities are close
enough to merit their inclusion as members of the part family.
Figures show two different part families. The two parts in Figure 15.1 are very similar in terms of geometric design, but quite
different in terms of manufacturing because of differences in tolerances, production quantities, and material. The ten parts
shown in Figure 15.2 constitute a part family in manufacturing, but their different geometries make them appear quite
different from a design viewpoint.
https://www.youtube.com/watch?v=OG-1Xy1OpUM
 


	9. Part Families in  Cellular Manufacturing
Automation, Production Systems, and Computer-Integrated Manufacturing, Third Edition, by M.P. Groover.
Portion of this section are based on M.P. Groover; Fundamentals of manufacturing: Materials, processes and systems
One of the important manufacturing advantages of
grouping work parts into families can be explained
with reference to Figures 15.3 and 15.4.
Figure 15.3 shows a process type plant layout for
batch production in a machine shop. The various
machine tools are arranged by function. There is a
lathe department, milling machine department, drill
press department, and so all. To machine a given part,
the work piece must be transported between
departments, with perhaps the same department being
visited several times.
This results in a significant amount of material
handling, large in-process inventory, many machine
setups, long manufacturing lead times, and high cost.
 


	10. Part Families in  Cellular Manufacturing
Automation, Production Systems, and Computer-Integrated Manufacturing, Third Edition, by M.P. Groover.
Portion of this section are based on M.P. Groover; Fundamentals of manufacturing: Materials, processes and systems
Figure 15.4 shows a production shop of equivalent capacity, but
the machines are arranged into cells. Each cell is organized to
specialize in the production of a particular part family.
Advantages of reduced work piece handling yield lower setup
times, fewer setups (in some cases, no setup changes are
necessary), less in-process inventory, and shorter lead times.
https://www.youtube.com/watch?v=R8zAdqvEiUY
 


	11. GT and CM  Challenges
The biggest single obstacle in changing over to group technology from a conventional production shop is the problem of
grouping the parts into families. There are three general methods for solving this problem. All three are time consuming
and involve the analysis of much data by properly trained personnel.
The three methods are:
(1) Visual inspection,
(2) Parts classification and Coding, and
(3) Production flow analysis.
Let us provide a brief description of the visual inspection method and then examine the second and third methods in more
detail.
The visual inspection method is the least sophisticated and least expensive method. It involves the classification of parts
into families by looking at either the physical parts or their photographs and arranging them into groups having similar
features. Although this method is generally considered to be the least accurate of the three.
One of the first major success stories of GT in the United States made the changeover using the visual inspection method.
This was the Langston Division of Harris Intertype in Cherry Hill, New Jersey.
Automation, Production Systems, and Computer-Integrated Manufacturing, Third Edition, by M.P. Groover.
Portion of this section are based on M.P. Groover; Fundamentals of manufacturing: Materials, processes and systems
 


	12. Parts classification and  coding
Automation, Production Systems, and Computer-Integrated Manufacturing, Third Edition, by M.P. Groover.
Portion of this section are based on M.P. Groover; Fundamentals of manufacturing: Materials, processes and systems
This is the most time consuming of the three methods. In parts classification and coding, similarities among parts are
identified, and these similarities are related in a coding system.
Two categories of part similarities can be distinguished:
(1) design attributes, which are concerned with part characteristics such as geometry, size, and material; and
(2) Manufacturing attributes, which consider the sequence of processing steps required to make a part.
While the design and manufacturing attributes of a part are usually correlated, the correction is less than perfect. Accordingly,
classification and coding systems are devised to include both a part's design attributes and its manufacturing attributes.
Reasons for using a coding scheme include:
1. Design retrieval. A designer faced with the task of developing a new part can use a design retrieval system to
determine if a similar part already exists. A simple change in an existing part would take much less time than designing
a whole new part from scratch.
2. Automated process planning. The part code for a new part can be used to search for process plans for existing parts
with identical or similar codes.
3. Machine cell design. The part codes can be used to design machine cells capable of producing all members of a
particular part family, using the composite part concept.
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Features of Parts Classification and Coding Systems
The principal functional areas that utilize a parts classification
and coding system are design and manufacturing. Accordingly.
parts classification systems fall into one of three categories:
1. systems based on part design attributes
2. systems based on part manufacturing attributes
3. systems based on both design and manufacturing attributes
Table 15.1 presents a list of the common design and manufacturing attributes typically included in classification schemes. A
certain amount of overlap exists between design and manufacturing attributes, since a part's geometry is largely determined by
the sequence of manufacturing processes performed on it.
In terms of the meaning of the symbols in the code, there are three structures used in classification and coding schemes:
1. Hierarchical structure, also known as a monocode, in which the interpretation of each successive symbol depends on
the value of the preceding symbols.
2. Chain-type structure, also known as a polycode, in which the interpretation of each symbol in the sequence is always the
same; it does not depend on the value of preceding symbols.
3. Mixed-mode structure, which is a hybrid of the two previous codes.
https://www.youtube.com/watch?v=HZC8M14O134
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Opitz Classification System. This system was developed by H. Opitz of the University of Aachen in Germany. It represents
one of the pioneering efforts in group technology and is probably the best known, if not the most frequently used, of the parts
classification and coding systems. It is intended for machined parts. The Opitz coding scheme uses the following digit
sequence:
The basic code consists of nine digits, which can be extended by adding four more digits. The first nine are intended to
convey both design and manufacturing data. The interpretation of the first nine digits is defined in Figure 15.5. The first five
digits, 12345, are called the form code. It describes the primary design attributes of the part, such as external shape (e.g.,
rotational vs. rectangular) and machined features (e.g., holes, threads, gear teeth, etc.]. The next four digits, 6789, constitute
the supplementary code, which indicates some of the attributes that would be of use in manufacturing (e.g., dimensions,
work material, starting shape, and accuracy). The extra four digits, ABCD, are referred to as the secondary code and are
intended to identify the production operation type and sequence. The secondary code can be designed by the user firm to
serve its own particular needs.
The complete coding system is too complex to provide a comprehensive description here. Opitz wrote an entire book on his
system.
https://www.youtube.com/watch?v=WEXz_5_wevw
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However, to obtain a general idea of
how it works, let us examine the form
code consisting of the first five digits.
defined generally in Figure 15.5. The
first digit identifies whether the part is
rotational or nonrotational.1t also
describes the general shape and
proportions of the part. We limit our
survey here to rotational parts
possessing no unusual features, those
with first digit values of 0, 1, or 2. For
this etas, of work parts, the coding of
the first five digits is defined in Figure
15.6.
Consider the following example to
demonstrate the coding of a given part.
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This is an approach to part family identification and machine cell formation that was pioneered by J. Burbidge.
Production flow analysis (PFA) is a method for identifying part families and associated machine groupings that uses the
information contained on production route sheets rather than on part drawings.
Work parts with identical or similar routings are classified into part families. These families can then be used to form logical
machine cells in a group technology layout.
Since PFA uses manufacturing data rather than design data to identify part families, it can overcome two possible
anomalies that can occur in parts classification and coding. First, parts whose basic geometries are quite different may
nevertheless require similar or even identical process routings. Second, parts whose geometries are quite similar may
nevertheless require process routings that are quite different.
The procedure in production flow analysis must begin by defining the scope of the study, which means deciding on the
population of parts to be analyzed. Should all of the parts in the shop be included in the study, or should a representative
sample be selected for analysis?
Once this decision is made, then the procedure in PFA consists of the following steps:
1. Data collection.
2. Sortation of process routings.
3. PFA chart.
4. Cluster analysis.
https://www.youtube.com/watch?v=Dwnbkwwn3iI
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Whether part families have been determined by visual inspection. parts classification and coding, or production flow analysis,
there is advantage in producing those parts using group technology machine cells rather than a traditional process-type
machine layout. When the machines are grouped. the term cellular manufacturing is used to describe this work organization.
Cellular manufacturing is an application of group technology in which dissimilar machines or processes have been
aggregated into cells, each of which is dedicated to the production of a part or product family or a limited group of families.
The typical objectives in cellular manufacturing are similar to those of group technology:
• To shorten manufacturing lead times, by reducing setup, work part handling, waiting times, and batch sizes
• To reduce work-in-process in-process inventory. Smaller batch sizes and shorter lead times reduce work-in-process.
• To Improve quality. This is accomplished by allowing each cell to specialize in producing a smaller number of different
parts. This reduces process variations.
• To simplify production scheduling. The similarity among parts in the family reduces the complexity of production
scheduling. Instead of scheduling parts through a sequence of machines in a process-type shop layout, the parts are simply
scheduled though the cell.
• To reduce setup times. This is accomplished by using group tooling (cutting tools, jigs, and fixtures) that have been
designed to process the part family, rather than part tooling, which is designed for an individual part. This reduces the number
of individual tools required as well as the time to change tooling between parts.
https://www.youtube.com/watch?v=GB4XHCIMyYs
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Machine Cell Design
Design of the machine cell is critical in cellular manufacturing. The cell design determines to a great degree the performance
of the cell. In this subsection, we discuss types of machine cells, cell layouts, and the key machine concept.
Types of Machine Cells and Layouts. GT manufacturing cells can be classified according to the number of machines and
the degree to which the material flow is mechanized between machines. In our classification scheme for manufacturing
systems, all GT cells are classified as type X in terms of part or product variety. Here we identify four common GT cell
configurations:
1. Single machine cell (type I M)
2. Group machine cell with manual handling (type n M generally, type III M less common)
3. Group machine cell with semi-integrated handling (type II M generally, type III M less common)
4. Flexible manufacturing cell or flexible manufacturing system (type II A generally, type III A less common)
https://www.youtube.com/watch?v=CYx5_f1pADI
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Machine Cell Design
1. Single machine cell (type I M)
As its name indicates, the single machine cell consists of one machine plus supporting fixtures and tooling. This
type of cell can be applied to work parts whose attributes allow them to be made on one basic type of process,
such as turning or milling. For example, the composite part of Figure 15.10 could be produced on a conventional
turret lathe, with the possible exception of the cylindrical grinding operation .
 


	22. Machine cell design  in Cellular Manufacturing
Automation, Production Systems, and Computer-Integrated Manufacturing, Third Edition, by M.P. Groover.
Portion of this section are based on M.P. Groover; Fundamentals of manufacturing: Materials, processes and systems
Machine Cell Design
2. Group machine cell with manual handling (type II M generally, type III M less common)
The group machine cell with manual handling is an arrangement of more than one machine used collectively to
produce one or more part families. There is no provision for mechanized parts movement between the machines
in the cell. Instead, the human operators who run the cell perform the material handling function. The cell is
often organized into a U-shaped layout, as shown in Figure 15.11. This layout is considered appropriate when
there is variation in the work flow among the parts made in the cell. It also allows the multifunctional workers in
the cell to move easily between machines. A variety of layouts are used in GT cells, The U-shape, as in
Figure 15.11, is a popular configuration in cellular manufacturing.
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Machine Cell Design
3. Group machine cell with semi-integrated handling
(type II M generally, type III M less common)
The group machine cell with semi-integrated handling uses
a mechanized handling system, such as a conveyor, to move
parts between machines in the cell. The flexible
manufacturing system (FMS) combines a fully integrated
material handling system with automated processing
stations. The FMS is the most highly automated of the group
technology machine cells.
Other GT layouts include in-line, loop, and rectangular,
shown in Figure 15.12 for the case of semi-integrated
handling.
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Machine Cell Design
Determining the most appropriate cell layout depends on the
routings of parts produced in the cell. Four types of part
movement can be distinguished in a mixed model part production
system. They are illustrated in Figure 15.13 and are defined as
follows, where the forward direction of work flow is defined as
being from left to right in the figure:
(l) repeat operation, in which a consecutive operation is carried
out on the same machine, so that the part does not actually move;
(2) in-sequence move, in which the part moves from the current
machine to an immediate neighbor in the forward direction;
(3) by-passing move, in which the part moves forward from the
current machine to another machine that is two or mort machines
ahead; and
(4) backtracking move, in which the part moves from the
current machine in the backward direction to another machine.
4. Flexible manufacturing cell or flexible manufacturing system (type II A generally, type III A less common)
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GT is not a particular technique, although various tools and techniques, such as parts classification and coding and
production flow analysis, have been developed to help implement it. The group technology philosophy can be applied in a
number of areas, Our discussion focuses on the two main areas of manufacturing and product design.
Manufacturing Applications. The most common applications of GT are in manufacturing. And the most common
application in manufacturing involves the formation of cells of one kind or another, Not all companies rearrange machines
to form cells. There are three ways in which group technology principles can be applied in manufacturing:
1. Informal scheduling and routing of similar parts through selected machines. This approach achieves setup
advantages. but no formal part families are defined, and no physical rearrangement of equipment is undertaken.
2. Virtual machine cells. This approach involves the creation of part families and dedication of equipment to the
manufacture of these part families, but without the physical rearrangement of machines into formal cells.
3. Formal machine cells. This is the conventional GT approach in which a group of dissimilar machines are physically
relocated into a cell that is dedicated to the production of one or a limited set of part families.
Product Design Applications. The application of group technology in product design is found principally in the use of
design retrieval systems that reduce part proliferation in the firm.
Other design applications of group technology involve simplification and standardization of design parameters, such as
tolerances inside radii on corners, chamfer sizes on outside edges, hole sizes, thread sizes, and so forth. These measures
simplify design procedures and reduce part proliferation. Design standardization also pays dividends in manufacturing by
reducing the required number of distinct lathe tool nose radii, drill sizes, and fastener sizes. There is also a benefit in terms of
reducing the amount of data and information that the company must deal with. Fewer part designs, design attributes, tools,
fasteners, and so on mean fewer and simpler design documents, process plans, and other data records.
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https://www.youtube.com/watch?v=F5vtCRFRAK0
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