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GROUP TECHHOLOGY APPLICATIONS
FOR
HIGHER MANUFACTURING PRODUCTIVITY

by

Inyong Ham
Professor of Industrial Engineering
Department of Industrial & Management Systems Engineering
The Pennsylvania S5tate University

l. INTRODUCTIOM

1.1 Basic Concept:

More and more manufacturing industries involved with small
lot size and a variety of products are becoming interested
in Group Technology, which is particularly applicakle in
the area of batch-type manufacturing. It has also been
recognized that Group Techhology is an essential element

of the foundation for the successful development and imple-
mentation of computer aided manufacturing {CAM} through
the application of the part-family concept.

Group Techneleogy is generally considered to be a manufactur-
ing philosophy or concept which identifies and exploits the
sameness or similarity of parts and operation processes in
design and manufacture. In batch-type manufacturing, tradi-
tionally each part has been treated as belng unigue in de-
sign, process planning, production contrel, toeling, pro-
duction, etc. However, by grouping similar parts into part
families, based on either their geometrical shapes or
operation processes, as axhibited in Figure 1, and also if
possible forming machine groups or cells which process the
designated part families, it is possible to reduce costs
through: more effective design raticnalization and design
data retrieval; fewer stocks and purchases; simplified and
improved process planning and production contrel; reduction
of tooling; and set-up times; semi-flow line production by
machine groups or cells; less in-process inventory; reduction
cf total throughput time; reduction of NC programming: and
more aefficient utilization of expensive NC machines and
machining centers; eto.

£ 7
(a) l—L ﬁE (b)

]

Fig. 1, Examples of part families: {a) similar in shape
and geometry, and (b} similar in production opera-

tion processes,



1.2 Hisuvorical Background:

The basic concept of Group Technology has been practiced

fsr many years as part of "Good Engineering Practice" or
"Scientific Management". For example, a classification and
coding system developed by ¥, W. Taylor(l} for formaticon of
part families was used in manufacturing as early as the be-
ginninyg of this century. Through the years many companies
devised their own classification and coding systems and have
been using them in various areas such as design, materials,
tools, etc. There are numerous examples of machine groups or
cells, group tooling devices, part family groupings and pro-
gramming, etc.,which have been in practice for many vears

in various sectors of industry. These practices and appli-
cations of Group Technology concepts wWere, 1n many cases,
identified under different names and in various forms of
engineering, manufacturing and management functions.

Around the world, Group Technology has Leen practiced in
various forms and degrees for many years. Many countries
took an interest in Group Technolegy in the 1950's and 1960°'s.
At that time various classification and coding systems were
developed, machine cell concepts were practiced, and many
excellent group tooling practices have been reported. Until
recently, Group Technology has not received formal recogni-
ticn and has not been rigorously practiced as a systematic
scientific technology. In the recent years, advanced manu-
facturing industry appears t¢ be undergoing a revolution in
the area of improving its manufacturing productivity. This
haz led to an intensified effort in integrated computer aided
manufacturing. These current trends have stimulated a strong
renewed interest in Group Technology since it provides the
essential means for higher manufacturing preoductivity and

for computer aided manufacturing, e.g. computer aided process
planning.

1.3 bMajor Application Areas:

One of the most important reasoans for ingreasing manufactur-
ing preoductivity is economic. Manufacturing contributes a
major part of the gross national product of modern industrial-
ized cvountries. Yet in spite of that, manufacturing, although
normally thought of as a highly productive ang efficient
activity, generally can s5till be improved significantly. This
is especially true in a bat¢h-type manufacturing environment.
The potential for economic improvement of manufacturing by
Group Technology is indeed not only tremendous now, but will
grow with time.

Rationalization of various engineering activities, such as
design data retrieval, process selection, process planning,
etc. can be readily achieved by effective implementaticn
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of the Group Technology concept., It has been a recognized
fact that, in batch-type manufacturing, major efforts should
e made for continuous improvements in in-process inventory
and efficient machine loading in order to achieve higher
productivity. Again, Group Technology provides a key element
toward this effort.

1.4 Current Trend and Future Prospects:

For various cobjectives in achieving higher productivity from
design to manufacture, many manufacturing industries, which

are primarily related to batch-type manufacturing have become
increasingly interested in Group Technology implementation

to meet their needs. Many industrial companies have hesn
applying Group Technology principles in their own way, although
in some cases it was not identified as Group Technology but
simply as good engineering practice and effective scientific
management. Group Technology implementation, in many instances,
has been primarily limited to cellular manufacturing. How-
ever, recently more companies are interested in applying Group
Technology concepts as a part of the total system of the
averall company operations through design to manufacture.

A forecast of the future of production technclegy advancement,
carried out by both the University of Michigan (2) and the
International Institute for Production Engineering Research
(CIRP) (3}, predicted that approximately 50 to 75% of manufac-
turing industry will use Group Technology concepts in the
period 1%80-950. This forecast also predicts that the compurer
automated factory will be a full-blown reality in many indus-
tries well before the end of this century. It is evident

that new technolegical innovations, such as DNC, CNC, machining
centers, industrial robots, micro-processors, etc. will lead
the way toward more automated computer-integrated manufacturing
systems lnvalving CAM, and thus assure more integrated appli-
cations of Group Technology for optimum manufacturing resulting
in higher productivity, The effort related to the integrated
computer aided manufacturing (ICAM} is a positive approach to
achieve those objectives. (4}

A part classification system which 1s an inteygral part of and
has been used as an essential tool of Group Technology appli-
cations, can also be evolved as a means of describing parts in

a form that can be integrated readily into a computer data

base structure, which will link design and production. Further-
mere, as evolution of ICAM leads to generative design and to
generative process planning, certain part classification and
coding systems will become an integral part of the total gen-
erative system evoclving with IcaM,

Group Technoleogy is a dynamic and evolutionary develcpment
which continues to expand its influence on manufacturing
systems. It is evident that the role of Group Technology will



certainly be broadened with more innovative advancements in
theory and application, not only for improving productiwvity in
conventional batch-type manufacturing systems, but also for
proper adaptation of CAM system.

2. PART FAMILY FORMATION AND MACHINE GRODPING

2.1 Methods and Procedure;

A part family may bhe defined as a group of related parts which
have some specified sameness and similarities. They may have
similar geometric shape or they may share similar progessing
requirements as shown in Figure 1. Parts may be dissimilar in
shape but could be grouped as a part family because of some
common production operations or visa versa. Parts are consid-
ered to be similar with respect to production operations when
the same machines and processes are used and the type, seguence
and tooling requirements are similar. In grouping part families,
the number of parts and their frequency of manufacture should
be taken inte consideration. The greater the similarity of
processing requirements and lot frequency, the more effective
it ig to form the part family for practical applications of

the Group Technology concept, in forming machine groups or
cells and in scheduling for optimum sequencing and machine
loading.

The grouping of similar parts into part families is the key to
Group Technology implementation. The problem which immediately
presents itself is how are the parts to be efficiently grouped
into these families? There are three basic methods used to
form part families:

{a} Manual visual search
{b} Production flow analysis
ey Classification and coding systems

The first method is obviously very simple, hut limited in its
effectiveness when dealing with a large numbher of parts. In
general, the other two methods are more commonly used in form-
ing part families and machline groups or cells.

2.2 Production FPlow Analysis:

Production flow analysis(5) is a technigue to analyze the cpera-
tion sequence and the routing of the part through the machines
and work-stations in the plant.” Parts with common operations
and routes are grouped and identified as a part family.
Similarly, the machines and work stations used to produce the
part families can be grouped to form the machine group or cell,
An example of forming part families by using this method is
shown in Figure 2. For successful use of this production flow
analysis method, it should be assured that a company has a
reliable data source ©f route sheets or operaticn sheets. One



of the advantages of this method is to form part families with
or without using a classification and coding system, since it
forms part families using the (data trom operation or route
sheets. There are a number of disadvantages in practice due

to its reliance on existing production data and routing methods.
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Fig. 2, Part family and machine grouping
by production flow analysis.

2.3 C(Classification and Caﬁing Svstems:

a4 classification and coding system provides an effective means
for sorting the coded parts, in forming part families based

on the specific parameters of the system regardless of the
origin or use of the parts. Especially for CAM applications,
such a system becomes an essential requirement for effective
implementation of Group Technology concepts.
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"Classification" involves arranging items into groups accord-
ing to some principle or system whereby like things are brought
together by wvirtue of their similarities, and then separated

by a specific difference. A "code" can be a system of symbols
used in information processing 1n which numbers or letters or

a combination of numbers and letters are given a certain meaning.

Many wvarieties of cglassification and coding systems are being
developed and used around the world., An example of a coded
part using a publicly-available system(6) is shown in Figqure 3,
Classification and ceoding for Group Techhology applications is
a very complex problem, and although many systems have heen
developed and countless efforts have been made to improve tham,
there is as yet, no universally acclaimed system, Since e=ach
company has its own specific needs and conditicns, it is
necessary to search for a suitable system that can be adapted
to the specific needs and requirements of the company. It is
egstential that an adapted systam be usable by all concerned
departments in the company, including design/engineering,
planning/control, manufacturing/tooling, as well as management.

For Group Technology applications, a well-designed classifica-
tion and coding should be able to group part families as
needed, hased on specific parameters. An axample of such

part family grouping of the parts shown in Figure l{a) (using
a suitable coding system along with the related data need for
the coding), is shown in Figure 4.

2.4 Cell Layout:

There are in general three basic types of plant layout, namely:
fa) mass-production flow-line layout, {b) functional layout,
and (c] group layout. In the practice of Group Technology, 4
group of machines for preducing a part family, or more, may

be formed such that it can perform all the pperations reguired
by the family or families of parts. The machlnes themselves
are arranged in a scmi-flow-lipe to minimize transportation
distances and waiting problems. The result is very similar to
a modern NC machining center. If conditions warrant, a
machining center may be used instead of a group of single
purpose machines. An example of a group layout of machlne
tocls based on the Group Technology concept as compared with

a conventignal functional layout is shown in Figure 5.

This illustrates the features of a group/cell layout.
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The formation of machine groups or cells to process part
farilies is relatively easy 1f a well-designed classification
and coding system has been introduced. It is alsc possible
to form machine groups/cells or part families using the pro-
duction flow analysis technique. Here the aoperation sequence
and routing of the part through the machines in the plant is
analyzed using the information obtained from the operation or
routing sheets as illustrated in Figure 2. Each part family
should have a certain group of operations associated with it.
This group of operations indicates the type of machines and
facilities needed to process each part within a family, The
ampunt of time needed for each particular operatiocn for each
job in the family of parts can be determined if basic data
such as lot sizes, set-up times, machining times, etc. is
available. These times will be the basis of determining how
much capacity is needed for each machine within the group or
cell. The formation and grouping of part families permits
the computation of the machine lcad in hours for each machine ,
in the group cell.

The formation and grouping of part families permits the compu-
tation of the machine leoad in hours for each machine in the
group. In the practice of Group Technology, an effort is

made tO maximize the utilization of machines in the group by:

{a) Extending basic part families by adding parts of a
similar type ©or merging two or more sub-families;

(b) Machining twce or more part families on the same machine
group.

A simple example of machine loading computation for forming
machine groups/cells for given part families is exhibited in
Tables 1 and 2.

The machine loading analysis indicates -that the part family =1
needs the total times of 2,783 hours for turning, 1,721 hours
for milliing, 1,08% hours for drilling and 2,367 hours for
grinding, thus reguiring 2 lathes, 1 milling machine, 1 drill
press and 2 grinding machines respectively.

Although the group layout of machines for Group Technology
applications has many advantageous features, it may alsc in-
volve scome problems. For example, it may bhe difficult to
balance the labor and machine utilization. Alsc, there may
be difficulty in finding suitable Supervisory personnel.
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Table 1, Basic data for machine loading analysis.
PT.JCODE  fLOT y TURNING MILEINGE ) iU LING ST IIIDRILI NG JGRIHDING
po.tug, _ ed /7 |/l s/T N/ | ST ] w/vdsit P ulT fsit inT

llﬁm 120l 11_# 20 g | 13 5 - -] s | s & | 20
2‘010 124 15 12 | 15 1 - -] 2 6 i 15
3 |oe2 123'r 55 - -] 13 5 16 a | 23 |12 6 140
Hgin 121E75 13 g - - 1% & | 2% ] ] 9
SRo1o 12n 23 | 10 ] - - - - - -
Eluoz 123‘—_5 - -1 15 ] - - §1s o 8 23
?iou 1:.-3E sl 15 9 | 11 9 - - |15 |1s - -
—glun E izl 1% 15 - - 10 3| 2 |11 - -
q #011 14 H 1A 23 12 10 ] - - - - 5 3
106 100z 12u: 4 - - - - 11 h | e |1 - -
11 b1 121ql‘ 0] 23 14 | 12 3 - -1 s T - -
12 11z 123} 10§ 30 | - - iz ] 10| te {10 7 | 13
13 Joo rz:f) 21 - -l n 7 10 g | 2 111 B 13
14 ko1 120 sl ] 1% a | 12 5 - - | 24 4 - -
I50in 1:1F§ 'S BT 1 - 12 9 - - 5 tg
16 fooz 120 5 - « | 1n & - -1 20 |12 - -
17F110 12¢]] 24} 23 16 - - | 1e 8 | 20 |11 - -
134111 1) as] 20 L3 - - In 17 | 30 ] 5 10
158111 12'|.| Gll 20 9 - - Jti3 5 - - - -
Jifolz 12¢" lﬂl 15 10 1] 9 - - ri 5 5 18
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Machine loading analysis for turning
operations of part family #1 (refer to
Table 1 and Figures 2 and 5)

partc Lol Stde | Aedup Time | Hachinong
NG Code No. LI 5] T;T? (M IXIN Y | (MmN, I *IS )
I | olo 120 115 20 9 1035 1055
2 ] aip 124 1 10 15 12 164 175
20 [0l ti4 Lo 15 10 100 115
7 0117123 L 15 3 45 &0
] 11 | o1l 123 10 "23 Y14 140 le3
14 |01 122 61 15 8 498 501
a Dll 124 lg 21 12 214 2319
5 {olo lzo 2% 2 1o 250 271
. Total Time = 2,783

Table 2 (b},

Machine locading analysis for milling
cperation [l} of part family #1 (refer
to Table 1 and Figuresg 2 and 5}

Part Lat Siza | Setup Time | Hachining
No. | Cods Ko, LIR {5,) T;:? (LRELLI I LS EALIRASL

1 Ulo 120 113 13 3 275 11

2 Q1o 124 w - 15 7 2{0 225
20 012 124 ta 11 9 90 101

7 [e11 t23’ b 11 - 9 as 56
11 -] 0l1t 121 10 13 [ &0 72
1d4- | 011 7123 6l 10 ] 0% 115

§ Q11 134 1§ 1o ] a4 i34

) olo 120 25 10 ] 00 110

Total Time = 1,721
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Table 2{c), Machine loading analysis feor drilling
cperation of part family #1 (refer to
Table 1 and Figures £ and 5}

Part ot mige | Suetup Time | Machininyg
No.l Codo Ko, (Ny] (Et} T:tm? M IkiN, ) | (M R[Ny D& (B )
t
1 alo 1iao . 11% 15, 3 Jas LT
2 | o010 124 10 23 . 1890 203
0 Gl 124 10 20 3 Al b1
7 Glf 141 3 . L5 1% 5 20
11 0ll 133 19 24 7 TG EL
14 011 123 k1 24 A 244 " 16k
9 | 011 124 - - - - -
5 |oro 170 - - - - ‘ -
Total Time = 1,085

Table 2{d), Machine loading analysis for grinding
operation of part family #1 (refer to
Table 1 and Figures 2 and 5)

Parc Lot Size | Setup Time | Machining
o, Code Mn, lNll 1{St] T;:? th}u{HII thI:lHII+I5t]
1 |o10 120 115 3 20 2100 2106
s 010 124 0 7 15 450 451
20 {12 124 10 5 14 180 185
7 g1l 1z:1} - - - - -
11 | 011 122 - - Co- - : -
14 011 123 - - - - -
s |o11 124 w [ s 21 A4 419
5 jolo 120 - - - - -

Total Time = 3,367
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3. CLASSIFICATION AND CODRDING SYSTEMS

3.1 Types and Features:

Although there are many varieties of systems, basic types aof
classification and coding systems can be put into several cate-
gories, such as functicnal or descriptive, gualitative or
guantitative criteria, design oriented or production oriented,
hierarchic or chain-type {(discrete] structure, monocodes vs.
pelycodes, separate codes vs. composite codes, long codes vs,
short codes, etc. However, 1n most cases each system employs
combinations of these features making it difficult to campare
the systems strictly from these points of view. Regardless
which system is selected, it should be adapted and modified

to meet the specific needs and reguirements of the company.

There are many types of classification and cocding systems for
general purposes, There are also other systems developed and
used by many government agencies and professional societies,
for such areas as libraries, museums, office supplies,
commodities, insurance, credit cards, etc., However, these
systems are not necessarily designed for Group Technology ap-
plications, though many systems have been used for industrial
applications, It is not surprising to find some companies,
which have been using their own coding systems for other
purposes for many years, but did not realize the potential
use of Group Technology applications.

There are three hasic forms of classification and ceding systems
for the current Group Technology applications; namely:

{a) Hierarchical structure [monocede)
(b) Fixed-digit type structure (polycode)
{c] Combined structure {(multicode)

A hierarchical code is ¢onstructed as a tree diagram where

each digit amplifies the information of the previous digit,
thus making each digit in the coding structure dependent on

the digit prior to that particular digit. A hierarchical
coding system provides an exXtensive analysis of the items
classified since its code structure is very compact but can
contain an enormous amount of information with a rather limited
number of digits. This type ef coding system is very effective
for data retrieval bkased on geometrical shape, size/dimensions,
ate., and has been adapted by design/engineering departments
for many vears. The hierarchical code is sometimes referred to
as "monocode" . (7} :

A fixed-digit type, also called chain type, discrete tvpe, or
attribute type, has a code structure in which each position
of a given digit represents independent information and is

not directly related to the information given by other digits.
A fixed-digit type of coding, also called pelycode by soma, (7)
provides a system which is more adaptable for production
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oriented applications in classifying machine tools, tooling,
process operations, etc. To construct a complete fixed digit
type code structure, it is necessary to specify all items in
the code. Therefore, usually this type of coding system re-
quires a large number of digits. It 1s less compact than a
hierarchical code. In practice, most classification and coding
systems employ mixed {hybrid) codes which are combinations of
both hierarchical {monocode)l and fixed digit (polycode) types.
The basic code structures of two publicly available classifi-
cation and coding systems specifically developed for Group
Technology applications in general metal-working discrete parts
are exhibited in Figure 6.

A code is one or more symbols to which an arbitrary assigned
meaning and/or arrangement has been given. When a code is
deciphered, 1t communicates specific information or intelligence.

Coding may he made using:
{a) Hieroglyphical symbols

{b) Alpha-numeric and mnemonic

{1} All numeric - 10 wvalues

{2} All alpha - 20 (except I1,0,5,Z,&0)
{3} Alpha-numaric — 30 (combined)

{4) Hexidecimal - 16 (0-9 & A-F)

One of the important factors in selecting a classification and
coding system i1s to maintain a balance between the amount of
information needed and the number of digit columns required to
provide this information. Each additional column generated
increases the handling problem. Yet sufficient numbers of
digits are needed to code all necessary features of the part
or product., Classification is really the tool which enables
the handling of vast guantities of data quickly. Thus, thousanas
of drawings and route sheets can be rapldly retrieved and com-
pared for design, tooling, scheduling, etc., through effective
use of classification codes.

A well-designed classification and coding system for Group
Technology implementation should meet several basic reguirements.
It can provide many henefits and facilitate Group Technology
applicaticns in many areas of company operations. The major
benefits of a well-designed classification and coding system

for Group Techneology applications can be summarized as follows:

(a) Formation of part families and machine groups (cella).

{b) Effective retrieval of designs/drawings and process
plans/routings.

{c] Design rationalization and reduction of design costs.

(d) Standardization of product design.

(e} Secure reliable workpiece statistics.

{f) Accurate estimation of machine tool reguirements,
rationalized machine lgading and coptimized capital
expenditure,
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Fig. 6,

{b)

KE-1 System {(Japan)

Basic code structures of two publicly-available

¢lassification and coding systems (21 & 22}
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fq) Raticnalizaticon of tooling set-up and reduction of
set-up time and overall production time,

fh} Raticnalization ¢f tool design and reducticn of time
and cost for tool design angd fabrication.

{i) GStandardization of process routings/tooling.

{3} Rationalization of production planning and scheduling.

{k} Accurate cost accounting and cost estimation.

(1) Better utilization of machine togls, workhelding de-
vices, and manpower.

fm) Improvement of NC programming, and effective use of
machine and machining centers,

(n} Establishment of a master data base.

It is important to identify the means of improving manufacturing
productivity where a large variety of parts and small lot sizes
are characteristic. The classification and coding systems
should also be evaluated in relation to what they c¢an contribute
to the solution of manufacturing and contrgl problems associated
with job shop coperation.

3.2 Basic Reguirements:

For Group Technology applications, a classification and coding
system should meet the following basic regquirements:

{a) All embracing:

A classification and coding system must embrace all
existing items being produced and/or purchased and be
able to accept new items.

{b} Mutally exclusive:

A classification and coding system must be muitually
exclusive, i.e., include like things while excluding
unlike things, using clearly defined parameters.

{c) Based on permanent characteristics:

A classification and coding system must be based upon
visible attributes or easily confirmed permanent and
unchanging characteristics.

{d) Specific to user needs:

A classification and coding system should be developed
to meet the needs of the user.

{ie) Adaptable te future changes:

A classificaticon and coding system should he adaptable
to future expansion and technelogical changes.

(£} Adaptable to computer processing:

A classification and coding system can be functional
without using a computer. However, it is often
desirable to operate the system using a computer, and
so should be adaptable to computer processing.
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(g) Company-wide applications:

A classification and coding system should have appli-
cation throughout all departments in the company.

There are several factors to be considered in selecting a
suitable classification system. Some typical guestions that
should be answered are:

(a} Objective
what 1s the major objective {needs) of a classification
and coding system?

{b} BScope of application
What departments are involved in using the system?
What are the specific needs and parameters to be coded?

How wide is the range of products and how complex are
the part's shape, process gperations, tooling, etc.?

{c] Costs and Time

How much axpense will be involved in installation,
training, and maintenance of the system?

What are the cost estimates for consultant fees, in-house
design, training, etc.?

How long will it take to install and train the needed
staff?

How long will it take to realize the effects of the
system in all areas of application, ranging from design
to production?

{d) Adaptability to other systems

Is the system easily adaptable to the computer and
the data bases being used in the company?

Can the system be easily integrated to other systems
such as process planning, NC programming, management
information systems, etc.? |

{e} Management problems

Are all management personnel involved in use cf the
system informed and supportive?

Is there any union problem?
Jan good vooperation between the departments involved
ke obtained?

3.3 Comparative Evaluation:

Before selecting a classification and coding system, a company
should make a thorough appraisal for Group Technology applica-
tions in the following four areag;

{a) Critical examination cf the company functions.
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{b) Defining the type or variety of Group Technology appli-
cations most sulitable.

fc} Defining the most sulitable appreach to Croup Technology
implementation.

{d) Assessing the costs and potential savings of the pro-
posed installation and implementation.

Since each company has different products, objectives, manu-
facturing facilities, needs and conditions, there is no uni-
versal system adaptable te all industries. A system should be
adapted to meet the specific needs of the company. It is highly
recommended that anyone planning to install a ¢lassification

and coding system for Group Technologqy applications make a
thorcugh comparative evaluation of a variety of the available
systems before making a final decision.

In order to make comparative evaluations of the various classi-
fication and coding systems, some common basic parameters
should be established in each specific area of the applications
through design to manufacture.

First, a system should meet the needs-of all concerned divisions/
departments of the company. The specific needs and parameters
required by each department should be checked for adaptability
and applicability of the system. In general, most companies in
the manufacturing industry should check the need for specific
parameters and data in the following departments:

o

N function
Design/Engineering maln shape
Purchasing shape element
Product Planning & dimension
Contral tolerance
Manufacturing/Production material
Engineering rough shape
Werkshop/Plants b vs { operations
Inventory Control operation segquences
Sales ' machine tool
Cost Accgunting workholding devices
Management Information cutting toocls
etc. j lat size
set-up time '
etc.

o]

Alcthough all departments may use a classification and ceding
system in one way ¢r another, major users of the system are
Design/Engineering, Process Planning and Control, and the
Manufacturing area. A system should be tested to check whether
it meets all the needs and represents the parameters needed

in each of those¢ three areas. Some representative parameters
and data needed by these departments are:

¥
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(1) Design/Engineering Area {2) Manufacturing Area
main shape major operation
shape elemant minor operation
material major dimension and
rough shape & size size ratio
major dimensions rough shape and size
minor dimensions machine tool
tolerances workholding devices
functions cutting tools
atc. lot size

set-up time
operation seguence
accuracy

special treatments
assembly, etc.

(3] A system should also be evalvated for its applicability
in variocus major production processes Such as:

casting machining
forming inspection
Joining assembly, etc,

A classification and coding system 15 essential for full exploita-
tion of the benefits of Group Technology. One should understand,
however, that installation of a classification and coding system
is just the beginning, simply a prerequisite for Group Technology
applications. Once a suitable system is installed, design and
engineerinygy work can then be ratiocnalized and part families
formed, followed by many Group Technclogy applications such as
machine layout grouping, group scheduling, group tooling and
set-up, inventory and purchasing requirements, etc.

The introduction of a classification and coding system requires
a great deal of effort and time, It should he anticipated

that there is likely to be some resistance to adaptatlicen of

the system and considerable differences in the degree of ac-
ceptance between dapartments. It is assential to check all
possible difficulties and potential problems related to Group
Technology applications in selecting a sultable classificaticn
and coding system. Problem areas should be resolved prior to
introduction in order to maximize benefits.

4, DESIGN RATIONALIZATION:

4,1 Design Data Retrieval:

A classification and coding system facilitates a part reducrion
and standardization program which can be valuable to both the

company and its customers. When a well-designed classification
and coding system is efficiently implemented in the design area,
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the system provides a simple, systematic and efficient method
for storing information in an organized manner. It will also
use a computer data base if needed. The system provides for
retrieving design data, e.g9. drawings, specifications, geometric
data, materials, etc. A code makes it possible to recall all
stored data relative to a specified part family, grouped to-
gether based on their designated similarities. The design

data retrieval system sorted by part family grouping provides
the following important features which assist significantly

for design ratiocnalization:

{l} Part family grouping for design rationalization

(2) Retrieval of existing design information for new appli-
cations, modifications and references

{3) Standardization of design features, specificaticons
and materials

(4) Improvement for better design

(5} Elimination of duplicate designs

{6) Simplified effective cost estimation

The retrieval system may be processed manually or by computer.
An example of a flow diagram(B} for a design data retrieval
system using the Group Technology concept is shown in Figure 7.

A successful classification and coding system application in
design leads tc substantial economic gains. The most signifi-
cant and immediate savings results from design rationalization
through effective design data retrieval. An industrial

survey {9) reports that an average design enginecring cost per
new part is approximately $2,000. Approximately a 15 percent
reduction of pnew design activity will take place when a suit-
able effective ratrieval method is utilized., Therefore, if a
company releases approximately 2,500 new parts annually, it

can be estimated that the annual design cost of new parts re-
leased is approximately %5,000,006. The savings from an effec-
tive retrieval system would be estimated at $750,000 per annum.

In many cases, more intangible savings are realized by various
indirect benefits resulting through design raticnalization,
e.g. design standardization, design improvement, productivity
improvement in design activity in general, etc.

4.2 Stcandardization:

When all ackive parts are classified and coded using a suitable
system, it is possible to analyr?e the part population and the
frequency of the usages of specific parts in the part family.
In practice, parts which belong to a specific part family can
pe sorted to identify standard designs which are most fre-
quently used. It must be recognized that such standardization
is only possible when a part family grouping is made to clearly
tdentify the standard features. Usually, when parts are
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designed independently at different times without any means of
grouping into part families, it is difficult to identify the
nature and degree of unnecessary duplications and cbvious
Similarities among the parts of the company. Figure B8 shows

a part family of washers, It immediately becomes obvious to
recognize the standard parts based on the usage frequency of
this part family, In many cases, many parts in the part
family have a very minor variation in size, shape and features,
In such cases, the part family grouping of a selected part
assists not only identification of such similarities but also
prevention of unnecessary variety through effective standardi-
zation. Although design personnel are knowledgeable as to

the desirability of standardization and believe they have
incorporated standard parts, they are not always aware that
similar designs exist where standardization can be made. By
part family groupings and design data retrieval, it is readily
possible to incorporate a high level of standardizaticn.
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Fig. 8, siandardization of Parts
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2. GROUP TOOLING

5.1 Composite Part:

The composite part provides an aid for the applications of
Group Technoleogy concept in the standardization of parts,
standardization of preocess planning, machine grouping, design
of group jigs and fixtures, the planning of group tooling
set-ups, NC part family programming, etc. Figure 9 illustrates
a group ¢f parts represented by a composite part which possesses
all the shape characteristics and processing features of & part
family which is illustrated in Figure l-a and Figure 4. If
process planning or tocling is developed for the compesite
part, then any part in the family can be processed with the
same operations and tooling.

Fig. 9, Composite part.

5.2 Group Tooling Design and Set-Up:

To get the maximum utilization from tooling set=-ups, tooling
for the operations within & part family should be arranged so
that all the parts, or as many as possible, in a part family
can be processed with one group jig or fixture and set-up.
Group jigs and fixtures are designed to accept every member

of the part family, with adapters which accommodate some minor
variations of parts. An example of such a group jig for
drilling a part family is shown in Figure 10. To drill the
holes of six (6) different parts in this part family, it
requires only one group jig and six different auxiliary adapters
to accommodate some miner differences in sizes, numbers and
locations of the holes, and in size and shape of parts.
Therefore, instead of designing, fabricating, and using six
individual drill jigs as is done in a conventional production
methed, only one group jig angd six adapters or bushing plates,
which are essentially inexpensive, are reguired. Therefore,
it becomes evident how much tooling c¢osts can be reduced using

Group Technology,
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(a} Part family of round plates,

(b} Group jig for drilling.
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Fig., 10, Group tooling design for part family.
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A group tooling set-up can also be applied to automatic ma-
chines. A set of tools for machining part families can be
pre-set and given a code number that corresponds to the part
family. The result is a situation in which the tooling set-
up is simply a matter of selecting and installing the correct
pre-set tooling and occasionally changing a tool. This re-
duces downtime between jobs.

6. GROUP SCHEDULING

6.1 PBasic Concept:

A number of disciplined areas of concentration comprise the
overall role of production scheduling. Line leading and bal-
ancing, determination of lead times for purchased items, the
development of materials requirements planning and optimal
sequencing of jobs through a facility are important aspects
that must be coordinated in the proper manner. All play an
important part in developing a manufacturing system that takes
advantage of every opportunity to optimize efficiency. Optimal
segquencing ¢f jobs through a facility is probably the highest
area of efficiency improvement. The group/cell layout and
part family concepts ideally lend themselves to optimal
sequencing efforts.

Production scheduling is greatly simplified by Group Technology.
The scope of the problem is reduced from that of a large portion
of the shop to a small group ©f machines. If the families of
parts and groups of machines have bean formed correctly, each
job will indicate by its code number which group o¢f machines
will be used to process it., Within the group of machines, the
scheduling preoblem is again reduced to simply scheduling the
given jobs through the machines in the cell. Even though a
machine groupfcell is not formed, the production scheduling
could be very much simplified, by use of part families in as-
igning jobs to the various machines in the shop. A computer
program can be utilized to schedule jobs of a part family to

a corresponding machine group/cell. The jobs can be praoperly
sequenced in the family and the families properly sequenced
through the machine group/cell.

Proper scheduling is an integral part of Group Technelogy. Good
scheduling, combined with reduced set-up time and reduced
transportation, will result in a significant cost reduction.

The most obvious benefit is reduced tctal production time.

With this reduction, preoduction can more closely match demand

50 that inventories can be reduced and parts be produced on
schedule, Thus, with more reliable scheduling, sales people

can guarantee better delivery dates and have assurance of meet-
ing them. Let us call preduction scheduling associated with
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Group Technology "Group Scheduling®. Proper application of
Group Technology concept 1n production scheduling will:

{a) FReduce set-up times and costs.

(b} Permit optimal deg¢ision cof group and job sequences,
{c) Permit flow-line production.

{d) Optimize group layout.

(e} Provide overall economic advantages.

The inherent nature of the group/cell layout and part family
grouping lends itself to the sequencing problem. Classifica-
tion and coding systems confine individual parts to part
families. A plant layout is designed so that each part family
is aseigned to a specific group/rell. Since subsequent
required work-stations are directly adjacent to preceding
operations, transportation time is minimal and can, in all
practical terms, be considered negligible in the sequencing
problem. The gqueue, or waiting time for a part to be pro-
cessed through a particular work-station, becomes very pre-
dictable and control of the manufacturing process is maintained.
Considering the numerous advantages that the group/celi layout
provides for optimal sequencing, 1t seems that the problem

is solved for all intents and purposes. However, to find an
optimum cperation sequence for a given part family and a machine
group/cell is not a simple task. All possible combinations of
operation sequences for n jobs and m machines is {n!)™. For
example, if five differsnt jobs are to Be processed through
nine different work stations, then (5!)7 = 5,160 x 1015 gifferent
sequences are possible, assuming that operations can be per-
formed in an arbitrary order.

When the work of jobs grouped into part families are processed
as groups through either machine group/cell or conventicnal
layout, it becomes simpler to solve the problems for optimum
operations seguencing and machine lecading compared to a general
job-shop condition. When a part family is assigned to a given
machine group/cell, the scope of the problem is reduced to (nil}
possible alternative sequencing. However, there still remains
the extremely complex problem of resolving just how to schedule
these jobs, since they are assighed to a particular machine
group/cell for proceasing.

Machine loading and the product-mix decision are major problems
in the field of production planning. An analysis for machine
leoading to optimally select parts t¢o be manufactured in a given
amount of time available by a given production facility under
Group Technology environment is also very essential in preduction
scheduling, and hecomes simpler in comparison to the problems
involved with a general job-shop condition. Many mathematical
models and practical algorithms have been developed to handle
idealized problems in the area of optimal segquencing and
machine loading. These models are primarily addressed to
general job-shep problems, and not to the sequencing and lcad-
ing problems from the standpoint of Group Technology.
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Group scheduling has some specific features that differ from
conventional scheduling problems which are as follows:

(1) oOptimization for group and job seguence and machine
loading

{2) Possibility of flow-shop pattern

(3) Reduction of set-up times and cost

{4) Economic savings

6.2 Algorithms for Group Scheduling:

6.2.1 Uptimal Sequencing for a Single Part Family:

Group scheduling can be analyzed in a2 multi-stage manufacturing
system. In the case of manufacturing multiple parts (jobs)
grouped into several part families, both optimal group and
cptimal job seguences can be determined such that the total
flow time (makespan) is minimized, by means cf various methods,
&.g. branch-and-bound method, a heuristic method, ete.

To explain the optimum sequencing methods for group scheduling,
a simple example is demonstrated using a heuristic algorithm
developed by Petrov{l0) and modified by Ham(ll). Let us assume
that the basic data given in Table 3 are to be used to find

the optimum job seguence processing through four machines for

a single part family group to minimize the total throughput
time.

Table 3, Basic data for group scheduling
cf a single part family.

Machines (hours)
sob \| M1 | M, | My M,
:
Jy 17 | 13 | s 110
3, 8 16 ] 21 7
I, 16 14 ] 15 4

Using the heuristic algerithm, it can be easily found that the
optimum job sequence is J,-JF.-J.,. The total throughput times
for all poessible ccmbinatzcné GE this group is as follows:

Jl-JE_JB e+ 23 hours
Jl'J3'J2 rr-rs 30 hours
JE_JI_JE ..... 74 hours
JE-J3-J1 ..... 7% hours
J —Jl-Jz ..... 89 hours
J3_JZ—Jl ..... 91 hours
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It is obvious that the gptimum job sequence {JE-J -J_,} results
in the shortest total throughput time compared to otﬁer possible
sequences. The difference betwaen the longest total time and
the shortest time is 17 hours. The Gantt c¢hart showing the
optimum job sequencing is exhibited in Figure 11, whlch indi-
cates the total throughput time is 74 hours.
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Fig. 11, Gantt chart for optimum job sequence of Jz—Jl 3

with uni-directional successive sequencing
method.
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However, the above sequencing method is based on the so-called
uni~-directional, successive sequencing method that a part
family is processed as a group and transferred from one work-
staticon to another as a batch. However, when 2 part family

is processed through a designated machine group/cell where
parts can be transferred from one work station to ancther

as a part is completed, i.e. unidirectional parallel sequenc-
ing methcd, the toctal throughput time can be further reduced
to 53 hours as indicated in Figure 12.

M 1 lnﬁi2LLA111AnAA1AiJ‘1A"A1Lh&nl‘iénLLLLL‘l-‘mlﬁi‘ilﬁhﬁi‘iﬁﬁijin
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l- L 1) ] n ]} " L] L1 H 1] L} ]

H] o Je J Joy

H . J - J ]
1 L i1 O [ ] 13 n» b | ] L1 11} - 17 "

Tima, Hours

Fig. 12, Gantt chart for optimum job sequence of
J3=J1-J3 with uni-directional, parallel
segquencing method,

In comparison to the other sequencing methods, this parallel
sequencing method provides 21 hours reduction when compared
to the optimum sequencing by successive segquencing, and 38
hours reducticn when compared to the longest possible
sequencing time.

This simple example illustrates that group scheduling is
more effective and results in minimum total throughput time.
This example also demonstrates that a machine group/cell
provides for further reducticon in the total throughput time
by making parallel sequencing possible.

Related algorithms of this heuristic method are available

for sciving the problems for non-uniform, non-unidirectional
scheduling where operations or work stations regquired for the
selected part families are neither uniform nor the same
order. The aperations required for parts may be in different
order, i.e., back and forth. In most cases, & real shaop caon-
dition presents usually non-uniform and non-unidirectional

probliems.,
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6.2.2 Optimal Sequencing for a Set of Part Families:

Optimization analysis of Group Scheduling for multi-product

and multi-stage manufacturing systems with more than one part

family {12} is demonstrated with the basic data given in

Table 4 and using both "branch and bound" methed and the same

heuristic method used in 6.2.1.

Table 4, Basic data for group scheduing in multi-product
and multi-stage manufacturing system.

Group G, G, Gy

Job S U [ ez b b Yo | ez [ faa || e Yaz| Yas

Sit-up/i s °

PFrocessing ) ) el 5 P P B p P 33

1 11 12 2 21 22 21 g 11 iz

Time { L yurs)

K.l 5 5 T 3 F 4 k| 7 2 1 L ]

Il-z 5 5 ) [ b F; a k| 2 B 2

H] . 4 X 8 4 1 L] 5 1 7 4 5

Dus-Datw - iy | #1227 day | dgg [ dzy |~ d31( 932 dy3
l 1 i& E ) | 28 s | 8¢ ! 14 24 | 52

The branch and bound method is based on the principle that the

set of all possible schedules, partial and complete, can be

represented by a tree structure with a root, branches and nodes.
For modelling group scheduling for multi-preduct, multi-stage

manufacturing systems, the following branching and bounding
procedures are considered:

(1) Branching Procedure:

Group node {Np) is a node at which r groups are chosen

from among m groups and sequenced: Ny= Gepsy Ge2vy oov Geps

Job node (Nyg)} is a node at which s jobs at N, are chosen

from among nr jobs belonging to G<yrand sequenced:

Nrs= J€r><1>' J<r><2>’ corr Jernegs

i2) PBounding Procedure:

The lower bound (LB} of the total flow time at Npg is esti-

mated as follows:

LB (Nrs} = max IFE + FI};" )
1ck<¥ rs rs

k' "
where FN and FE are total processing times for groups
rs rs

and johs which are already seguenced and not yet seguenced,

respectively, and k is number of machines.
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The solution of this problem (Table 4) by branch and bound
method is exhibited in Figqure 13 and also in Table §.
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Fig. 13, Solution for optimum group and job seguences
by branch~and-bound method (* mark indicates
the optimal group sequence and ** mark indi-
cates the optimal job seguences in each group}.

Table 5, Optimal solution for minimizing the total
throughput time (refer to Table 4, and
Figure }3}.

Group Seguence 62 Gl Ga

Job Sequeace | J3,5,-0537J51 | 127911 | J3177327033
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The optimizing algertihms for determining optimal group and
job sequences to minimize the total tardiness are also avail-
able. The soluticon for optimum group and job segquences for
minimizing the total tardiness is shown in Table 4.

Table 6, Optimal solution for minimizing the total
Tardiness {refer to Table 4 and Figure 13).

Group Segquence 53 G2 Gl

Job Sequence | Jq)=J357T33 { 537227923 | Y1172

The heuristic method for group scheduling, which is used for
optimum sequencing for a single part family (see 6.2.2), can
also be applied for a multi-products, multi-stage manufacturing
Froklem. For this example (Table 4}, the sclutions for optimal
group and job sequences are the same as the solutions by branch~
and-bound method. Although it provides only near cptimum solu-
tions, the algorithm for this heuristic metheod is far simpler
and easier te compute, compared to other similar heuristic
algorithms and certainly in comparison to the branch and bound
method.

6.2.3 Machine Loading Analysis:

Analysis for machine loading for group scheduling is a complex
problem and it is not simple to develop an adequate algorithm
for practical applications. However, some mathematical models
for the machine loading and product-mix analysis problems {13)
are available. An example of such model is given to demonstrate
the machine loading analysis for group scheduling. The approach
of this model is tco maximize the total amount of parts to be
produced in a limited time available, d. Hence, the objective
function is to maximize:

M M.
z=1¢ ', X,
i=1 j=1 1 %)
with the following constraint:
M N,
L L P.. X.. +#8,%.}) <4
i=1[j=l ij Ti3 i J.:I
wherse:
d : allowed time capacity (min)
ij° lot size for Jij {pcs)
M : number of groups

H. : number of jobs in Gi
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Pij: total job production time for Jij (min/lot)
Si ! group setup time for Gi_{minfgraupl
Xija 0 or 1 (i=1,2,...,M, J=1,2,...,Ni}
N.
o, if £t (4 =0
j=t
Xy = N,
1, 1f-E xij *» 1
1=1

Using the algorithm (14), a numerical example for determining
the cptimal parts to be made as well as optimal machining
speeds to be utilized for producing the parts are presented
in Tables 7 and 8.

Table 7, Basic data for machine loading analysis (1}

LOT GROUP JOB URIT

GROUP . PART SIZE SETUP SETOP PROGUCTION
. 1 TIME TIME TIME
IR Si4 Pij

No. { Ne. | pes ¢ min  imip/lot [ min/pc

1 ] 31 ., TS A
2 lg ! B 2
T ) 1 To 7
2 2 so | 33 9 9
3 1 15 7
T LV g 17
3 b2 6 | 20 13 6
1 20 i & 1%
4 2 10 i 45 10 13
3 a0 ! 20 15

ALLOWABLE TIME d = 40 {(h)

Table B, Optimal solution for machine loading (1)

[ GROUP NG, 1 2 3 4
PART No. 1} 20 1727 3] 17 2] 1] 2} 3
LOT SIZE DEMANDED cs 36 | 10 20[ 50| 30( 20 60| 20] 101 40
| ACCEPT {A] OR REJECT (R} Al_AT R] AV Al "A| A] R| Al A
[ PRODUCTION AMOUNT pcs 30 [ 10] -1 50] 36| 20 60| -] 7] 40
PRODUCTION_TIME min/lot]155] 28 459 P25 2451373 101 [62-

| GROUP_PROD. TIME min 287 719 638 7
TOTAL PROD. AMT|pCS (247 ] TOTAL PROD. TIME|min|2470 JREMAIN. TIME |min
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6.3 Integrated Applications with MRP:

The typical multi-stage manufacturing operation with multiple
products presents a problem for which it has been found diffi-
cult to find means for effective production contrel. Such a
problem is typically characterized by:

{a) Vast numbers of individual components

{b} A high variability between parts in terms of part
gecnetry

(c} A high variability between parts in terms of manufac-
turing operations, and their sequence

{d} Variability in the demand for the final assembled
product as both a function of the final product and
cime

To provide a viable system for production contreol, such a -
system must answer the following guestions:

{a} What specific parts should be produced during a given
period?

(b} How many of these parts should we produce during that
period?

{c} What is the specific time-line {or schedule) for pro-
duction within each periocd?

{d) Are there any "similar™ parts that may be produced at
the same time 50 as to provide for more economic lot
sizes and also decrease the total amount of set-up
time reguired?

Group Technology takes all of the component parts and attempts
to classify them into a workable set of part families and/or
assign them to machine groups/cells., Tdeally, each part
family has enough inter-part gimilarity that the indiwvidual
parts may be processed via a particular subset of the total
production processes,

Material Reguirements Planning (MRP) is vyet another tocol for
the alleviation of problems within the multistage, multiproduct
plant. In its simplest form, MRP reduces each final product
into its elementary parts angd, using a forecast ¢of the require-
ments for the final product, assigns the required quantities

of each elementary part to a specific time pericd.

when intreoduced separately, both Group Technology and MRP are
subject to several inherent limitations, The group scheduling
algorithms, for example, do not caonsider the very practical,

and important time-phase aspects of part production, nor the
machine capacity limitations of the machine groups/cells
assigned to each part family. That is, a typical group schedul-
ing algorithm assumes that all parts {for the job under con-
sideration} are available at the beginning of the time period.
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MRP, while considering the time-phase aspects of the problem,
simply assigns various guantities of parts to specific time
periods without consideration of either the schedule necessary
within that period or the advantages of processing by part
family groupings.

It should be obvious, however, that MRP develops the set of

data necessary for a group scheduling algorithm that does
consider the time-phase aspects of the problem. Consequently,

by suitably combining group scheduling and MRP, it is possible

to construct an integrated system that possesses the advantages
of both concepts while alleviating their individual limitations.
Such a system then can answer the set of gquestions listed earlier
and thus provide a viable means for effective production control.

A procedure for integrated applications of group scheduling and
MRP may be broken down intc a series of steps as listed below:

Step l: Gather the data normally reguired of both the Group
Technology and MRP concepts {(i.e., parts and their
description, machine capabilities, a breakdown of
each final product into its individual components,
a forecast of final preduct demand, and sc forth}.

Step 2: Use Group Technology 5¢ as to determine part
families. Designate each family as Gi {i=1,2,...,m).

Step 3: Use MRP to assign each component part to a specific
time pericd.

Step 4: Arrange the component part/time period assignments
of Step 3 according to the part family groups of
Step 2.

Step 5: Use a suitable group scheduling algorithm to deter-
mine the cptimal schedule for all those parts,
within a given gqroup, for each time period.

A simplified illustration (15) to explain the procedure is
given in Tables 9, 10 and 11. Let us assume that five parts
are being produced within a jobshop. These parts, designated
as A, B, C, D, and E respectively, are used to form certain
final products and it would ke impractical to further subdivide
them. Using Group Technolegy, we are able to divide the five
parts inte two part families, designated simply as G, and GZ'
Also, a specific part code number is assigned to eacﬁ part
using a classification and ceoding system.

The number of units required for each part, for a certain month,
have been determined to be: A=60, B=60, C=¢0, D=30 and =50,
This information has been summarized in Table %. However, if

a group scheduling algorithm alone i1s used on the data given

in Table 9, such a schedule could well viclate specific due

aate constraints, For example, one might schedule 60 units

of part A for production in week 4, whereas it may be that 15
‘0f thase are actually needed in week 1.
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Using MRP, the precise number of each part on a short term
(e.g., weekly} basis, may be determined. Table 10 illustrates
such an MRP putput for this example. This table gives the
number of upits of each part as needed in each week of the
month under consideration, but does nothing to answer the
question as to what is the optimal schedule within each week.

Thus, to take full advantage of the integrated Group Technology/
MRP system, Tables ¢ and 10 are combined into the integrated
form of Table 11. Wext, by applying an appropriate scheduling
algorithm to those sets of parts within a common group and
week, we may obtain an optimal schedule for each week of the
entire month, and one that does take advantage of the Group
Technology induced flowshop as well as the MRP derived due

date cvonsiderations.

Table 9, Part family exaﬁples.

Part Code Units Reguired
Group Number ‘Fart Hamo During Month
| g212-023 A 60
GL i 6212-015 B 60
| 6212-083 D 30
G 5333-125% C 60
2 5333-1486& E 50

Table 10, Weekly part assignments by MRP

Flanncd
Order Relsase
Part Part Hame

Code No. Week
1l 2 3 4
6212-G213 F. o 30 0 0
6212-01% B 15 15 15 15
5333-123 o 20 20 1o 10
6212-083 D 10 10 5 5
£333-184 E 15 15 10 10

Takle 11, Combined GT/MRP data.

Planned
Order Release
Part fart

Group Code No. Name | _ Week
1 2 3 q
6212-023 A 30 a0 g O
Gl 6212-015 B 15 15 15 15
; B212-0813 D 10 10 5 5

G, | 5333-125 c 20 20 10 10 |

! 53331-186 E 15 p 1d 10
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7. COMPUTER AIDED MANUFACTURING AND GROUP TECHNOLOGY

7.1 Computer Aided Manufacturing:

Development and implementation of computer aided manufacturing
{CAM) in the manufacturing industry lead to more integrated
applications of Group Technology for higher productivity, It
has been recognized that Group Technology is an essential
element of the foundation of successful development and imple-
mentation of CAM, through applications of the part~family con-
cept based on geometrical and processing similarities between
parts, This approach creates a compatible, economic basis for
evolution of computer automation in batch type manufacturing,
through increased use of hierarchical computer control and
multi-station NC manufacturing systems.

A part classification system which is an integral part of, and
has been used as an essential tool of, Group Technology appli-
cations can also be evolved as a means of describing parts in
a form that can be integrated readily intc a computer data
base structure; which links design and production. These data
bases should be developed so that they correspond to groupings
of topling set-ups, machines or machine stations using Group
Technology concepts, and also to provide a basis for computer
automated process planning. Alsoc an evolution of CAM leads

to generative design and to generative process planning, part
classification and coding systems will become an integral

part of the total generative system evolving with CAM.

An apprcach for integrated computer aided manufacturing ([ICAM)
emphasizes the need of Group Technology implementation for
its successful realization, as shown in Figure 14.(16)

As future development of CAM oriented manufacturing technology
progresses, more generative and evolutionary systems of Group
Technology should be studied and impiemented in all areas of
manufacturing, e.g., design, planning, control, scheduling,
inventory, tooling, production, testing, assembly, etc. The
nitimate successful implementation of CAM is certainly based
on the balanced development of hardware and software for Group
Technology implementation which provides the essential basis
for the further development of CAM technology.

Group Technology is a dynamic and revolutionary development
which continues to expand its influence on manufacturing
systems. It is evident that the role of Group Technology
ceértainly is broadened with more innnovative advancements in
theory and application, not only for improving productivity

in conventional katch-type manufacturing systems, but alsc for
proper adaptation of (AM systems,
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INTEGRATED
COMPUTER AIDED MANUFACTURING
(ICAM)

MANUFACTURING

CONTROL GROUP

AND TECHHOLOGY FARRICATION
EATERNAL
FUNCTIONS

DATA BASE

MATERIAL
HANDL ING
AND STORAGE

TEST, INSPECT, EVALUATE.
AUALITY ASSURANCE

Fig. 14, Integrated computer aided manufacturing
(ICAM) and Group Technology (16).

7.2 Computer Aided Process Planning:

For successful implementation of CAM systems, one of the essen-
tial regquirements is computer aided process planning. The use
of automated process planning techniques, as a basis for a
rational and logical appreach te the design of components for
manufacture in the most economic manner, is a key to achieving
optimum manufacturing productivity in CAM systems. An
essential requirement is to ‘develop a framework of decision-
making based on a number of algorithma or logic flow diagrams
at each particular decision-making stage; and in particular
to develeop procedures for the retrieval of information con

part design specifications, tocoling requirements, machining
¢onditions and capabilities, and other pertinent data stored
in computer data hLanks.
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Computer aided process planning can be made either by the
retrieval of available data or the generative process. Most

of the current process planning systems employ the retrieval
technigque which is based on part families and given data bhases

of standard tooling and processes. The generative technique
creates a new unigue process plan for a particular part. Efforts
have been made to develop a generative type process planning

by varicus interest groups.

It has been recognized that Group Technolegy is an essential
element for successful execution ¢f computer automated process
planning. As indicated in the flow diagram (Figure 15} proposed
by the CAM-I (Computer Aided Manufacturing - Internaticnal), (17)
the logircal approach to successful automated process planning

is a system based on the part family concept. The development
of part families, using suitable classification and coding
systems will make it possible to develop standards of shape

and process within the part families. Thus it is possible for
the initiation of automatically generated process planning,

FLOW DIaGRAM

PART LA
FAMILY lappLICATION!
MATRIX D pnocrams

FILE L_ )

—
e (b —

PART HEADER sznumumég OPERATION | Wwonk
FAMILY DATA- b PLAN —| ELEMENT |
SEARCH INPUT EQIT RETAIEVE/EDIT PROCESSAR

. . Lo
PART i
CLASSIFICATION
COOE |
PROCESS T |
PROCESS PLAN pROCESS | |
PLAN FORMATTER PLAN
[ STOHE

Flow diagram for computer aided process

Fig. 15,
planning (CAPP) proposed by CAM-I (17).
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7.3 NC-GT Programming:

Group Technology can make economically feasible the use of
sophisticated automatic equipment such as NC machines and/or
special tooling which may have heen toco costly for batch

type production. The advantages of RC type automatic eguip-
ment are usually outweighed by the problems and costs of
production planning and tooling, low utilization, long set-up
times, etc. With proper Group Technology applications, these
prroblems can be reduced to such an extent that it becomes
advantagecus to use NC equipment which otherwise might be
uneconomical. This is particularly true of current sophisti-
cated, expensive machining center type NC machines. HNC machine
tocl costs c¢an alsc be reduced by selecting smaller and/or
less flexible NC machines through Group Technology applications
by proper machine grouping and efficient machine leoading.

Many advantages claimed for HC machine tools are alsg of
greater importance in a Group Technology environment. While
numerical control of machine tools cffers the ability to
machine small batches of components eccnomically by reducing
set-up time, Group Technoleogy offers the zame, In many cases,
WC and Group Technology will not enly be mutually viabkle, but
together they can be gelf-improving and self-sustaining.
Therefore, combined utilization of special features of NC and
Group Technology make it possible to realize maxkimum benefits
of both.

Une of the important applications of Group Technology is a
software development of NC machining called "Part-~family
Programming™. Part-family programming is a NC program system
that groups common or similar program elements into a single,
master computer program. The master computer program, or
preprocessor, 1s a permanent base from which a NC tape can be
prepared, for any part in the part family. Therefore, part-
family programming increases the production of costly NC
operations by saving programming time, manpower, and tape
prove-cout time. It alsc reduces lead time, tool inventory,
simplifies maintenance and reguires fewer computer reruns.

Part family programming (lB8) slashes one of the big cost
elements in NC operations. One master program for a part
family stored in the computer, plus a small amount of variable
input, delivers a tape for any part in the family. Some of
the typical advantages and disadvantages of part-family pro-
gramming are as follows:
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Advantages:

Higher NC preductivity
Minimum-error first tapes

Less risk of machine collision
Minimum program debugging
Higher operator productivity
Fawer computer reruns

Same-day new tapes

Low risk of first-part scrap
Programmer manpower savihgs
Clerk-level part programming
Standardized cutting tools
Standardized jcb processing
"wholesale® optimization
Uniform documentation
"Wholesale" program maintenance
Aid to design standardization
Transferable program logic

Disadvantages:

Higher initial investment
More complex program logic
More software storage
Longer computer run

7.4 Machining Centers and Multistation Manufacturing Systems:

NC machining centers, by virtue of their characteristics, are
capable of doing the work of several conventional machine tools.
They consolidate a number af set-ups into one, thus having an
effect of group layout (cellular layout) of machines. There-
fore, machining centers can be considered as machine groups

or cells, with the capability of reducing lead time and in-
process inventory. Such machining centers are expensive.

Their use should be optimized through Group Technology.

Where the ihnstallation of a machining center is being considered,
the maximum benefits will be obtained by paying attenticn to

the whole machining complex, which supports and loads the
machining center. In other words, NC machining center will
generally be operated Efflclently under a Group Technology
environment.

With Group Technology applications in the layout and organiza-
tion of a factory, its manpower and equipment on a part-family
basis rather than a functional basis, a successful CAM program
can be achieved. Evolution of CNC and DNC is also related to
Group Technology through the computer hierarchy. As CNC type
mini-computer contrel of the individual machines in a Group
Technology cell is brought together, in due time it will pro-
vide a more ecocnomic basia for overall DNC of the cell.
Eventually, it will become profitakle to link all the cells in
the factory with a large computer, providing an initial basis
for overall on-line gptimization and automation of the factory.
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cne of the future trends of CAM is "Multi-station Manufacturing
Systems", which alsc involves evolution of the Group Technology
cells, As the number of NC work-stations under CNC/DNC in a
cell increases, more economic oOperations become possible
through complete automation and integration of tool and work
handling and transfer within the cell.

The final step in the evolution of CAM is, of course, the
computer-integrated automatic factory operating under Group
Technology cells. The overall concept for the total systenm
is based on the use of Group Technology c¢ells, each devoted
t2 the production of given parts families. Each cell is con-
trolled by a built-in micro-computer. The overall computer
system for the plant is hierarchical in nature. Middle-level
computers control and coordinate the operation and work
scheduling of one or more cells, while the overall eystem is
being controlled by a central computer.

B. ECONOMICS OF GROUP TECHNOLOGY

B.1 Economic Benefit and Justification:

Appropriate and successful implementation of Group Technology
will lead to improvements which include more effective design,
less stock and fewer purchases, simplified production planning
and contreol, optimum sequencing and loading, reduced tooling
and set-up times, reduced in-process inventories, shorter
throughput time, more efficient utilization of expensive
machines, etc. Significant economic benefits will be achieved
as shown in Figure 16.

 PATRIVE AL TS e EMUHFIEERIERS LR S0GM

A ta L sl BMHITLTS

1¥erPale L0 LA NIOMN &
1ol R ARFIY FROEHM HivITY

Fig, 16, Reduction of manufacturing costs through
Group Technology application.
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It is desirable to analyze these economic gains through cost
analysis of specific applications by comparing the economic
benefits of both the present conventional method and the pro~
posed Group Technology method. Economic justification is a
key for implementation of Group Technology. Various formulae
and procedures have been developed for economic analysis and
some examples of such methods are presented in section 8.2,
"Comparative Cost Analysis™.

The economic gains through successful Group Technology appli-
cations are great, However, it requires a period of time to
gain new savings since a considerable cost is involved in
maintaining the system as indicated in the case history shown

in Pigure 17,

GROSS
I SAY NG

SAVNGS

CODING

COSTS
APPLICATIONS

SYSTEM MAINTEMANCE
Fig. 17, Examples of cost savings, expenditure and

time-period for Group Technology imple-
mentation.

8.2 Comparative Cost Analysis:

8.2.1 Group Tooling Costs:

One of the advantages of Group Technology applications is the
rationalization of tool designs and the reduction of tooling
set-ups, which lead to reduction of teooling costs and production
costs as a whole. The cost analysis of group tooling (group
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Jigs and fixtures) in comparison with the tooling costs of
conventicnal tocling methods becomes essential for the justi-
fication of Group Technology applications in tooling. (19)

{a) Conventicnal tooling method:

P
C = E C ,(i)
twl i=1 wl
where:
Cwl cost of a jig or fixture of conventional
tocling method, §
Crl’ total tooling costs of conventicnal methods
using "p" different jigs or fixtures, $
=3 : number of different jigs or fixtures used

{alsc possibly number of different parts to
be produced}

(k) Group tcoling method:

q
C = C_(1} + C
twd j=1 2 w2
where;:

C,,» cost of a group jig or fixture, $§

Ciw2 total costs for the group tooling using a
group jlg or fixture with "g" different
adapters, §

Ca ¢ cost of an adapter, 5

q : number of adapters used for the production

of a family of parts

{c} Unit tooling cost:

(i} Conventiconal tecling method:

3
c .= ctwl o oi=1 Seigd)
ul N N
where:
Cur’ unit toeling cost for conventional tooling

method, $/piece

N : number of parts produced
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{ii) Group Tooling héihnﬂ:+

g

3
oo Cwe izt Saq) + Seo
u2 N N

where:;

Cu2: unit tocling cost for group tooling method,

$/piece

The following data shown in Tables 12 and 13 are given for com-—
parison of a c¢onventional tooling method using conventicnal
milling fixtures and a new group tooling method using a master
group fixture and adapters.

The total tooling costs {(Cyy) and the unit tooling costs (C)

of the conventional tooling method and the group togling method,
in relaticn to the number of different parts in the part family
or the group are computed, and listed in Table 13. The total
tooling costs (Cgy) and the unit tooling costs {C,;} as a function
cf the number of parts in the part family or group are plotted

in Figure 18 and Figure 19, respectively.

As shown in these graphs, the rate of increase in the total
tooling costs for the conventional tocling method is exceedingly
larger than that of the group tooling method. From the stand-
point of the unit tooling costs, as the number of parts in the
part family increases, the unit toeling costs for the group
tooling methods become far more eccnomical compared to the
conventional tocling method which is not affected by the number
of parts in the part family. However, the sharp decrease in
the unit teooling costs lewvels off after a certain number of
parts in the group. This indicates that there is a limit up

to which reduction of the unit tocling costs is effective,
Also, both graphs of the tetal tooling costs and the unit
tocling costs indicate the break-even points at which the de-
cision for selection cof appropriate tooling method can be

made.

In comparison of conventional and group tocling methods, it
becomes necessary, not only to analyze the total tooling costs
and the unit tooling costs, but alsg the number of parts in
the part family where break-even takes place, A break-even
point in the tooling costs of both methods can be obtained as
follows:
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comparative analysis.

CGhvent Lol Gralp Tooling
Item Toeling Methnd Mo thod

Cost of the Drill Jiq SE1S 52208

Number of jigs required & 1

Cost of an acapter - 5450

Number of adapters required - 5

wumber of pieces to Lhe prod. 240 240

Table 13, Computed example of tooling costs
for Comparison.

No. of parts Conventional Methnd l Group Tooling Method
in part , N P
family Crwl “un Crw2 Cuz

1 5 815 53,40 502,658 511.08
2 1,630 3.40 j, 108 .48
3 2,445 3.40 3,558 4.94
4 3,260 3.40 4,008 4.18
5 4,075 3.40 4,458 3.72
6 4,890 3.40 4,908 3.41
7 5,705 3.40 5,358 3.19
g 6,520 3.40 5,808 2.03
9 7,335 3.40 6,258 2.90
10 3,150 3.40 6,708 2.80
1] a,30% .40 7,108 2.1
12 R0 1,401 FL.hun .04
113 12,225 J.40 H,'W5%H 2.41
14 10,595 .40 4,158 2.58
15 12,225 3.40 8,956 2.49
29 $16, 360 $3.40 511,208 s2.34
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when n = n Cowl = Ciwa
b at n q at n
r ? ¢ .. Cp t E b .
i=1 wl{i} w2 .. a{i)
where:

n : number of parts in the part family

n. : number of parts in the part family at the break-
even point

For simplicity, let us assume that the break-even point may be
analyzed using the average tooling costs which are expressed as:

¥
: - i=1 Cwl(i)
Average tooling cost: Cw = 5
%
—  i=1 a1y
Average adapter cost: Ca = — 3

The break-even number cf parts in the part family {nb] can be
formed as follows:

CwZ

b - —
cwl Ca

However, the number of fixtures or adapters needed at the break-
even point may or may not be egual to the number of parts in the
part family or group. For example, if an adapter can be used

for two different parts, the number of adapters needed will be
one less than the number of parts in the part family. This
concept applies also to the number of fixtures "p". In a con-
ventional tooling method, the number of fixtures is usually egual
to the number of different parts produced. However, in some
cases, the numbher of fixtures needed might be lessg than the
number of different parts to be produced.

Let us assume that "p" fixtures for conventicnal toeling methods,
and one group fixture with "g" adapters for group toocling method
are required for production of "n" different parts in the part
family. Then (n - p) of (n - ¢) represents the number of parts
which does not require their own fixture or adapter, since

these parts can be produced by using the fixtures or adapters
designed for other parts. It is also natural to assume that
these {n - p} or (n - g) parts are included in the break-even
number {nb]. Therefore, the actual number of fixtures or
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adapters regquired at the break-even point are: n, - (n-p) or
n_ - [(n-q) respectively. Therefore, the break—evgn number of
pgrts in the part family for these cases when n == p and/or

n ? g may be expressed,.

o {sz + (n-p) Ty - (n-q) T, )
(

° E;l - Eﬁj J

8.2.2 Group Machining Costs:

Group machining is one of the most important features of Group
Technology applicatiens, Although group machining is advantageous
from various technical points of view, it is still desirable to
confirm the advantsages of the group machining method over the
conventional machining method.

{a) The total machining cost for a single lot af a part
with a special individual tooling may be expressed as:

C = CG {TGN + Ts] + Dt

tm 1

where;
Ctm: total machining cost, $
Cn : labor rate, $/min
Tc : unit machining time per piece, min/pc
n, lot size, no. of pe/lot
T5 : set-up time per a lot, min/lot
Dt : depreciation of teooling per a lot, §/lot

{b} The total machining costs for machining of "n" lots or
“n" different parts in the part family for both conven-
ticnal and group machining can be expressed as follows:

{i} Conventional (individual) machining:

n n n
C,..=C IT N .y + ET . I D .
tml To ;7 Tel(d) £1(i) j=1 s1(i) i=1 tl{i)
where
Ctml: total machining ¢ost for conventional
machining, % :
n : number of lots or number of different parts
to be produced
Toy ¢ unit machining time per piece by conventional

machining, min/pc
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T51 : set-up time per lot for conventiocnal
machining, min/lot or part

Dtl :+ average depreciaticon of tooling per lot for
conventional machining, $/lot or part

(ii) Group machining:

n n=1 n-1
C =C IT N L +T + T ..t D .+ ED
tm2 Yo _,c2(i)R2(i) “s2 j=1 sali) t2 ;- tali)
where:
Ctm2 total machining cost for group machining, $
n : number of parts in the part family
Tcz average unit machining time per piece by
group machining, %/pc
T52 set-up time per lot (per a part family}) for
group machining, min/lot or part family
Tsa : set-up time per adapter for group machining,
min/adapter
th depreciation of tooling per lot or part family

for group machining, $/lot or part family

The total production time necessary to process "n”
different parts by conventional method can be defined
by the processing time of the parts and the time spent
on setting the fixtures necessary for each part.

n, p

T = 7 T N . + E T .

ml — {p “el{i) T (i) ;) “sl(i)
where:

Tml: total production time for producing a group of
parts by conventional method, min.

n, : nhumber of different parts produced

Tcl: processing time per piece, min/pc

NRI: lot size

P : number of fixtures used. Usually, p=n, however,
1f p 5= n, this means that {n-p) parts are pro-
cessed consecutively using the same fixture

T -: set-up time per a lot, min

51
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In the group machining method, the necessary total pro-
duction time to produce n different pavts in a part
family can be computed by the processing time of the
parts, the set-up time of the group fixture and the
set-up time of the adapters used for the processing of
each part.

T=?2T .. N ., 1T +‘ET.
me i1 c2(i) 22(i) "s2 i=1 ali)
where:
T ot production time for producing a part family by
group technelogy, min
n, number of different parts in the part family
T¢2: unit processing time per piece, min
LITE lot size
gp? Set-up time for group fixture, min
g : number of adapters used
T, ¢ Set-up time per adapter, min

Group Set-up CosSts:

One of the main advantages of the group production method over
the conventional production method is reduction of set-up coests
through the use ¢of group jigs or fixtures for specific part
families. Set-up costs may be expressed as follows:

{a)

(b}

Conventional tooling method:

n } ni
C = L E T ..
sl S =1 51]

Group tooling method:

g ni
Cs? = Co iil l:Tsi N jEl Tsaij}
where:
Co : labor rate, 5/min
g : number of part families
n : number of jobs {(parts) in group i [Gij
Ts : Set-up time per a lot, min/lot
T. ' Set-up time per an adapter, min/adapter
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9. MANAGEMENT PROELEMS:

5.1 Perscnal Problems:

Implementation of a new concept or system calls for a high de-
gree of cooperation between a number of groups or departments

in the company. Perscnnel in desiqn engineering, process
planning, production contrecl, inventory control, purchasing,
tooling, and the production shops must realize how dependent

each group is on the others. This type of communication and
cooperation is often lacking, but is abseolutely essential if
Group Technology is to be implemented successfully. It is a
common phenomencn that a great deal of suspicion follows any form
of change to an existing pattern of life, whether this change is
within an industrial environment or entirely outside of it.

Group Technology will not only change the pattern of work enviren-
ment for many of the employees in a company, but it will also
demand a new form of thinking.

As Group Technology has become more accepted, it has also become
apparent that efficiencies obtained through Group Technology
applications are not determined entirely by its technical
characteristica. aAdditional factors of a social nature are
making an important contribution, and these are among the major
appeals which Group Technoleogy is making te the behavioral
scientigt. (20) It offers some solutions to job satisfaction
such as worker participation in decision-making as a group,
personalized work relatigonships, variety in tasks, freedom to
determine methods, group production methods, etc.

In group production methods when a jeb is assigned to a machine
group/cell, it is processed under given producticon cperations

by that one group of workers in the shop. Since all the jobs in
a group are ¢onfined to a ¢ell of the shop and a small group of
workers, the superviscr of the cell can have better control of
the job processing. It hags been found that Group Technelogy
applications contribute significantly to increase the group
morale of workers thus leading to higher productivity and better
gquality. Because all the parts produced by the group beleng to
specific part families with common similarities, the workers in
the group become very familiar with the work and the operations
required. As a result, the efficiency and guality of production
are improved when compared to those employees under caonventicnal
functional job-shop conditions. Furthermore, in comparison to
the conventional job-shop production method where each worker

is anly aware ef his own job, not knowing the related prior or
preceding operations, the workers in a group/cell have a c¢loser
awareness of and identification with the jobs. ‘There develops

a certaln group responsibility in guality maintenance, which
assist both the product and the attitudes of the workers

through higher group morale.
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9.2 Appraisal for ImplemEntatiéﬁ:

It is essential to check all possible guestions and potential
problems before any major undertaking is made for Group Techneology
implementation. Some major advantages and disadvantages of Group
Technology applications are summarized below,

(I} Potential Advantages of Croup Technology Applications

A. Deslyn Engineering

1. A well-designed classification and coding system pro-
vices an engineering design file for effective product
design data and for an efficient retrieval system.

2. A classification scheme enhances the standardization of
functional designs and consequently avoids unnecessary
design duplication and design variety.

3. An effective design retrieval system brings about design
rationalization which results in significant design
cost Zavings, in particular for the design of new
parts.

4. Savings resulting from an effective design data retrieval
system and design rationalization are immediately achilev-
able.

5. & well-designed classification and coding system pro-
vides complete and accurate information needed to
form part families having a reasonable and practical
number of parts in a particular part family.

6. With the formation of part families a compaosite part
file will be developed for assistance in the design and
development of composite components.

7. In the utilizaticn of a classification and coding system,
data will be provided for the evlauvation of manufactur-
ing capability, preoducibility tips, value analysis and
methods engineering.

B. Part family groupings assist to identify parts that
would be advantageously purchased, fabricated, or assembled.

9. Engineering changes may be more easily incorporated inte
the system,.

10. pdvanced classification and coding systems can easily
become an integral part of a generative computer aided
design scheme.

B. Planning and Control of Produgtion

1. A well-designed classification and coding system will
provide for the fast and reliable retrieval of process
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plans for all types of parts and assemblies, and standard
routings for part families.

Standard routings for part families lead to effective
design of group toclings for family groups, for NC part
family programmings, and group set-ups for part families.

Part family files provide basic information reguiraed
for computerized process planning.

Production control can be simplified and effectively
executed under Group Technology environment.

Froduction scheduling is greatly simplified by scheduling
to groups/cells for the processing of part families,

In-process inventory can be reduced due to shorter
inter-process transportation and less queueing time
using group scheduling methods.

Correct application of Group scheduling methods results
in reduction of total production time,

Appropriate scheduling for groups of part’ families assures
the meeting of delivery dates, thus improving the compet-
itive pesition of the company, ensuring fast delivery

and better customer relations.

With the use of group scheduling integrated with material
reguirments planning (MRP), more effective control of
production scheduling and inventery for a better stock
balance 1s assured.

Reduction of investment in work in progress through
diminished in-process inventory 1s realized.

More efficient machine loading through part family
grouping and machine group/cell provides a base for the
economic justification for expensive machine tools such
as NC machine centers and special purpose facilities.

Man/machine vtilization is usuvally impreoved under Group
Technology environment,

Manufacturing

A classification and coding system and/or production
flow analysis will provide meaningful data for forming
machine groups/cells for part families with resulting
opportunities for better manufacturing engineering
methods.

Part family groupings by manufacturing features provide
data for improving the plant layout.
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Cellular layocut of machine groups/cells can improve
the floor space utilization.

Machine grouping or cell formation for processing part
families provides a flow-line, resulting in reduced
transportation and in-process waiting time.

The composite component concept for part families pro-
vides the basis for designing group toolings and set-ups,
grouping of machine cells, and programming for NC part
families,

Utilizing group tooling for processing part families
will greatly reduce the total set-up for a part family.

The actual production time may be reduced through the
effective use of group tooling methods.

Tocl engineering can be accomplished on a rational basis
through the use of sffective coded data related to
product parts, manufacturing processes, and existing
tocling.

Tooling costs may be significantly reduced by designing
for group tooclings and set-ups.

Part family grouping and proper group scheduling can
make economically feasihle the use of sophisticated
automatic equipment, NC machines, and machining centers
through improved machine-loading efficiency.

Parts adaptable for NC machine centers, and multi-
station machining centers can be identified from the
part family data file,

Part family programming for NC machines reduces one of
the major cost elements in NC operations,

Group Technology applications epabhles more efficient
operation of multi-station manufactiring systems with
NC machining centers and industrial rokots.

Fully- or semi-automatic computer-integrated factories
can more successfully operate under Group Technology
environmant.

Management

Successfyl integrated systems brought about by Group
Technology applications stimulate more effective coopera-
tion between the departments in a company.

Group morale of workers in a group call is high,
resulting in higher productivity.
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3. Supervision of a group cell may be more effective
since the supervisor has immediate knowledge of the
state of Jobs in the group.

4. Workers in z group cell tend to be more conscious of
and have a better understanding of the operations
required, work flow and in-process status. This know-
ledge leads te higher work gquality and efficiency
compared to the conventional batch-type operation.

5. Improved industrial relations is brought about by a
group producticon system which can offer more job
satisfaction.

6. There can be an overall cost reducticn when group
technology is effectively applied.

7. QOverhead costs will be reduced as a result of better
utilization of employees, facilities, and space.

8. Appropriate implementation of Group Technology conhcept
provides economic justification for new capital invest-
ment,

9. Reduction in the variety of raw materials and purchased
items can result through reduction of the variety of
purchased parts and materials by effective part
family groupings.

10. A well-designed classification and coding system con-
stitutes a form of universal data which 1s usable
in a variety of departments and can be easlly integrated
intg a master data base.

11. Group Technology provides means for the proper work flow
and the establishment of cost centers providing efficient
man and machine lpading.

12. Group Technology can have a long range favorable impact
an all preduction employees by providing an environment
of higher job satisfaction, greater worker involvement
in decision making, job enlarqgement, and job enrichment.

{(II} Possible Disadvantages of Group Technology Applications

1. A great deal of expenditure and time may be involved
in installing and maintaining a classification and
coding system,

2. Additional perscnnel may be needed to operate and main-
tain a classification and coding system.
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The cost of rearranging drawings and files to conform
tc a new classification and coding sysztem may be expen-
sive and time consuming.

The currently available classification and coding systens
might not satisfy the various needs for all aspects of
the company operations, Therefore, it might be necessary
to supplement a present system with additional codes or
to develop a new coding system.

When cooperatlon and coordination befjween the design

department and the manufacturing department is poor,
Group Technology implementation is usually difficult
and not fully successful.

Because of different definitions and interpretation of
Group Technology concepts, there is no common understand-
ing or appreach to Group Technology applications that

is currently accepted.

When design changes are made, it may be necessary to
change existing codes: this could cduse difficulty by
inadvertently affecting other code-rel ited activities.

Balancing the machine loading of all mi.chines and facili-
ties within a group/cell is difficult.

There may be a reduction in overall efficiency because
of unbalanced machine loading.

If one machine breaks down, the whole {low line of the
group/cell might stop. That is, a group/cell has iess
flexibility in responding to unexpected changes.

Whenever changes in production methods and producticn
guantity of parts ocgur, rearrangement of the group/cell
might be necessary, and it could he very costly.

Large costs may be incurred when reorganizing the plant
layout to introduce new cellular layouts.

Contrary to the general claims, there may be many diffi-
culties in production planning and contrel with groups/
cells, and it could bhe difficult to meet the due date

in practice.

Optimum man/machine utilization for all machines in
groups/cells is not always possible.

Part family grouping without constraint of a defined
time period is neot adaptable to effective group scheduling.

Beliance on existing producticn data and routing for
part family grouping and for the formation of machine
groups/cells by production flow analysis has a2 definite
limitation.
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Unless well-defined and reliable operation/route sheet
information is available, grouping part families, and
organizing machine cells by production flow analysis
will be ineffective and inaccurate.

The optimum results with respect to the total through-
put time, product due-date, and the effective utiliza-
tion of man/machine will not be achieved without suitable
analytical techniques for group sacheduling.

Selecting gualified personnel to be put in charge of
Group Technology implementation programs is essential
and is diffic¢ult at the present time due to lack of
gqualified personnel.

Training supervisory personnel for group/cell with a
variety of skills and management capability is costly.

Negotiations with workers and their union may be reguired
for Group Technology implementation.

There will be some difficulties to adjust to new changes
and to resolve various resentments and objections from

some personnel and departments in the company.

When strong support from top management is lacking, the
implementation of Group Technology will be difficult,

Because of the long pericd of pay-off for the successful
implementation of Group Technolagy, top management might
become impatient and terminate the project prematurely.

1
For successful implementation of Group Technology, the
full cooperation of all departments and personnel
concerned is essential, However, it is not always easy
to achieve this cooperation.

When the Group Technology concept is implemented on a
piece-meal basis, the full benefits of Group Technology
are not realized. Therefore, whenever possible, it is
desirable to implement the Group Technolegy concept as
an integral part of the total system of the company’s
cperation.
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§FLINES AND/OR 5L0T Bl = TEETH
THREAD THREAD A0SO GRODVE | | =
QTHER S QTHERS
(|OFuNCTIGNAL (210FuncTIGNAL GTHERS I OTHERS
. DIAMETERS) DIAME TEHS)
F

L



OPITZ GECMETRICAL CODING SYSTEM .

OPITZ CLASSIFICATION & CODING SYSTEM (3}

SUPPLEMENTARY CODE

st Digit 2nd Pigit 3rd Digit 4th Digit
DIAMETER “D" '
or MATERTAL INITIAL FORM ACCURACY IN CODING
EDGE LENGTH "A" DIGIT
T RN Inches ) I
01 £20 0.9 0 Cast Iron Round Bar, black 0 Mo hoocuracy Specifiad
| Modular graphitic
). »20<50 »0,842.0 1 | cast iron and malle- Round Bar, bright 1 2
| able cast iron drawn
i Steel 26 Stonf,»"in2 Bar - triangul
7o <1 & . a ar,
2 I>6q_ﬁﬂﬂ 22,0%84.0 2 Not heat treated sguare, hexagonal, 2 - 3
i others
3 E)lﬂQflED »4.043.5 3 Tubing 3 4
Steals 2 and 1 hngle, U-, T-, and
- r
4 | 71002250 >6.5510.0 4 Heat treated similar sections 4 > it
Alloy Steel
1
5 I?ESﬂﬁAGU 20,0160 5 (Not heat treated) Sheet 5 2 and 1
o Alloy Steel
1 1 il .
6 I}?ﬂﬂ,ﬁﬂﬂ 216.0%25.0 [ Heat treated Plate and Slahbs b 2 and 4
7 l}ﬁﬂnflﬂﬂﬂ>25.ﬂﬁﬂﬂ 0 T | Non-ferrous Metal Cast or forged 7 2 and 5§
] - ' ' * Components
T
@ § 20000 o 210.0480.0 | |8 Light Alloy Welded Assembly 8 3 and 4
[ _ |
! ! AU sB0.0 4 OLher Materials qre-mach%vcd g (2 9 3 + 4 4+ 5}
| ' Componen ks
— ¢




5

KC-1 CLASSIFICATION & CODING SYSTEM (JAPAN) - (1)
1st pigit 2nd Digit 3rd pigit
[ Part Kind Part Class Part Group
Principal Shape Dimensional Range shape Feature
of Part of Part
None {rre) Basis =W prk
D420 - S
2 g
: 1y (a}
£ ¥ Blind v . B
%E hole L/D£2.5 + 2| Inconcentric hole TIE
=
g g 20<D<50 g§
© = {1} {b) =
o Ehrnugh L/D>2.5 2 8l straight groove bif
— ole
P g
o 0
o
o L/D=0.5 (a} + (b}
3
G
& . _—
50<4D<100 [0 S5<L/D=2 ki Basis it
' 3
o (E‘l] T
L/D>2 E Ingoncentric hole Frog=
3
(1) (b)Y —
< o
L/DEL.5 "i Straight groove w=
100<D£200 %
L/D>1.5 o {a) + (b) 5
With shape alement (2}
200<Ds500 such as taper or =T
spherical surface
(3)
D>500 Special shape Il




. J
KC-1 CLASSIFICATION & CODRING SYSTEM (JAPAN) - (2)
,
1st Digit 2nd Digit : Ird pigit
Part kind Part Class Part Group
Principal Shape Dimensional Range Shape Featurae
of Part of Part
‘zimm} . -
0} D20 4] o Basis =)
@
b
T {a) _
1 L/D%£2.571 ﬂ 5 Inconcentric hole et
0<D450 S &
v - {1) (b} -
5 2 L/D>2.5 | 2 5 9| Straight groove o=t
I Q
R E
3 A
alu | Jo None | 3 L/DS0.5 |3 {a) + (b} T
e e O el D il
HEEE- e
A FTE FTR
ole = .| 52
(8 o 3 & v ¢fBlind . -
810 o ulg g %18 2 "=
0o all e o =
@
= (a) —
5 L/D>2 5! 0 | Inconcentric hole <.
3
o ‘ (1) (b}
6 L/D1.5 |6 | ¥ | Straight groove =T
3
—100<D<200 %
7 L/D»1.5 |7 E (a) + (b) o
With shapae element (2] _
g|200<Ds500 8 |such as taper or spherical k)
surface Bt
9| D>500 9 Special shape




LU
KC~1 CLASSIFICATION & CODING SYSTDM (JAPAN) - (3)
lst Digit 2nd Digit 3rd Digit
Part Kind Part Class- Part Group
Principal Shape Dimensional Range Shape Feature
-of Part of Part
. nszém} o 33 Without spline :,:
i) Lo Lo '
mf cog
2
~ Q. B B
1 L/D€2.5 11 | ®| Q8¢ With spline szt
g o E
| &I wo
20<DE50 o
' 'c a qq
v 2 L/D»2.5 |2 | 3% Without spline e
u wl|l oe
Ay S| o0
ol a
- . w Q, -2
b 3 L/DS0.5 |3 24 | with spline i
C L3 IS
-
e
5 4 {50<D£100 10.54L/D42 4 Worm =
& & 5
Ooa
None, 2 B
5 48 - |Blind |5 L/D>2 5 Worm wheel I0c
k& lhole
o
oo > Th h MM
roug “ . . Y
6 5o e ﬂhole 6 L/D=1.5 |6 3 Without spline 23
9823 25 -
100<Dg200 -
' 23
i i £, -0
7 L/D>1.5 |7 g & With spline les
7
o
8 |20G<DE500 B Without spline
G
-~
U M ) )
9| D¥500 g &g With spline
v o
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KC-1 CLASSIFICATION & CODING SYSTEM (JAPAN) - (4)
1=t Digit 2nd Digit ird Digig
Part Kind Part Classg Part Group
Principal Shape Dimensional Range of Part Shape Feature
of Part
o [asBgy [(6) tmm) Lumg Plane (parallel, -
= AL200 non-parallel) s
"
1 |A/CE4 [A>200 Parallel hole [
2 | a/B<3 |agzo0 | Sheet Non-parallel .
hole i
el
et Plane, —
3| A/Cx 1a>200 parallel hole %
Bar (flat Plane, 'T:“
I 4 A=200 sguare) Non-parallel hole
g A/B>3 :
£ With turned
3 A>200 e surface e T3
=t
Combined of .
Concentric sgrew e
6 _ A5200 :gzzge& with axle T
A/BX3
Lump, sheet, bar L "o e
7 and cﬂmbinedshape? A>200 With teeth q&;@
! :
N% -
B with specially )
8 5200 curved surface éﬂz?
A/B>3
9 Ar200 Others




12

Kc-1 CLASSIFICATION & CODING SYSTEM {(JAPAN) - (5)

lat Digit 2nd Digit 3rd Digit
Part Kind Part Class Part Group
Principal Shape Dimensional Range of Parﬂ Shape Feature
of rart
0 Ws20 (kg) (7] 0 Main axle head
1 20<WL70 1 Main body
2 A/B%3 2 Column
Housing
704W£200
3 A/B>3 3 Bed
Base
Cross rail
4 A/BZ3 4 Arm
P 00<HE500 Bracket
Tahle
> A/B23 5 Cross slide
b A/B&3 6 Cover
S00<WL100G
7 A/BD3 7 Pan
Tub
— Tank
Liox shaped hollow 8 1000<W<2000 B Plummet
9 W22000 9 others
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o

KC-1 CLASSIFICATION & CODING SYSTEM (JAPAN) - ({6)
1st Digit 2nd Digit 3rd Digit
Part Kind Part Class Part Group

Principal Shape of Dimensional Range i
Part of Part Shape Featurce
Without
0 | Rolled material |0 , machining
Ew
o
A ]
y | Round bar 1 <4 Partially
material £ machined
n
Sgquare bar dr Without
2 - 210 . .
matarial o machining
I
. . m Partially
3 | Tubing material |23 "d"'é machined
o P
B 0
. a Without
4| Thin sheet 4|1 o machining
Qg
g
29 | partiall
. 2 artially
T Q X
5| wire 3 Mo machined
o O
1]
. o Without
G Casting 6|0 machining
> 8
T O " o Partially
7 ﬂE Forging ! ﬁE machined
O oo
W L
& " i
. . Without f
B Sintering g o A
o &' machining
o
Dther parts Wing shaped W .
9| almost raw material| 8| (specially 3| o ES ;giﬁiiééy
without machining ordered}, Others e
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KC-1 CLASSIFICATION & CODING SYSTEM (JAPAN) - (7}

4th Digit 5th bigit
. . . {11
Material Fortion to be Machined
Raw Material with Iligh Accuracy
(12)
Ordinary Cast Iron o Without High Accuracy
Special Cast Iron, Turned Surface (a}
Cast Steel, Sintered |1 {intcrnal, external &
Alloy Stael end surface)
(10) {13}
o T | Non-Refined 2 Plane (b)
2 m
o L
v 4]
(¥ By . c}
E & | Refined 3 g Non-concentric holé
| o -
il = -
] o
o ) c
v - Non-Refined q |= fa} + (b]
o
o
| Refined 5 {a) + {c)
w] COPPer & its Alloys 6 {b) + {(c}
3
o
u Light Alloys 7 (a) + {b) + {c)
&
2
Othexs 8 | Grinding {14)
_ Special Processing
Non-Hetals ? {Electric discharge,
etc. )

Ly



JAPANESE KK-1 CLASSIFICATION AND CODING SYSTEM

{Table 1.,.to...Table €}

1.

Tsiblw

Fundamuntal Conutruction

[

— Surpuprata
= 30 93nie Amuiid su pagn I
L og 01 Tool SYTUIU UiV
i
; 3 *Inel
- Lypanaoy HTw Y num olges UOZ=od
-o33TP- (N} .
H Hupupumen 03P
deuio *e3loy 1y (u)
m. .
F iy meE TeTaeds (1)
=t
v m . HrpuT I~
F - jmg Fmed ()
_l._ .mm FEEILIAFFE-F-;
74 [ "3am9 reuotiviag
Kij<e *e1oq TedfAuTIL (H) =043
m.m adwrg TOMLasu] _“._ﬂ.
Y d Jutus oy (N) § #1883 ¥ 208
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Table 1 (Matnx)
Clasnfication of Parts Mume (Funclion}
it - PR
I 9 1 2 | 1 5 4 ¥ i T n I
—
Spur Ceart | . Cambms v
o Geur e ot fiLes ] Eertl 1y powt Wi tny Suiew Sprocket ion Gras, JRoumd O (—‘U‘IL
- Cevt Gz Ly Le [PLITTY Gean Wheels Specnyd Vsl i s Lonthaniy
I 4 Geal af Snree
Spuattles. - b eccnisi
1 ;—‘ z“"," Arbwis E‘-’“""" le.d Soicagd K Gumd SI.:}:IHL. jplins l_'.._-iu ﬁ:“ﬂ“ Kownd gm‘"" el
praratix Maan 1A L rew SLutt k " ; Or fannit, 1nf . bedwey
3 [ St e wdy g::“l. Snalr hntit [ orusnny & Othea
[ ;5.-1.'\ = T - o L
C g el sbyinith .
S -m.: ] fuLess Clats b Miaket Lipeers | btons ?"“"" Uihern Funge Chucks Sealt, & i
ple Py allet D““_;* Faul
— T— 3
L1
L Guding Slaewry, brarn . -
h] g Fatt E:uu b'.su'.:‘ kraruigt Rullziy Cylindare | Cithers Ul Plass | fides Priage] Cuma Oihere gzﬁmﬂml
= .
wiir ’ — - o
M = 1ng Call T mels . . it Rl n
= Vit allers Brovets Fua I3hers ihagdlcs 3 pln L:}:‘u Serewe Qiners E"IL::IH: o
b | ———— g pamd - Pl
—ax ] .= He——m = . - ——
L] £ $auirg Coinenn dibe, Flatrs Fieuwng [, ., Al Syuare ;:Il‘:l‘:l"f br
= | Panis Widper Sulehd iR levefn [RTHYY Crotshead | Scaams Qibers Moning
f-» 1 Falls
£} G Hri N
. = Wud g & gl
‘ i Fuc AL LS i 5.;:;:“' by Frogs Hluppest [ Nads Cauyrt Camn Guhees f-:'-“l'ml.n
pL !-Il..li.-..r — L sarat e
s £ - | o _— e 1 I 3
) Liaeing il Sguare . S T
- ur rarng 4 1 abiles Qipers Hryhels Iuldeyy Blocks Seays Trunnions Qikerk . FFW
s Fails v
a ] — —
s | 3] snetu vt 9t f Spuare .
- culangW " Tt Huwwngi Ch,
5 ks Detar | ot siel " ALHE Calumas Beds Bau1 Othein Rod wra
. E Nun-l Ver st T . Tounler Verwts
o a cuvular ey, HpL TR e
o Lo Ll Loy 1 gipla sl L Tauk Conduty Fypugs Valeon ll:l?:"r" . Lihers Crntinen
- l [FEY ooy Il 4 thiw

Ui



Takla 3 (Matriz}
Clessification of Materials
e v 0 s ] 3 3 ‘ 4 s . 1 ' v
Cray Cuaf  [Groy Cral [Hudala Mallealbe  fORDACE JAlosy C L | Cacbon Alloy Sntored
0 | Cast Trew Lich Trum STENAE ' Caar Seeel (Tt Sreel  Jlran Quhen
ZFCYS SFCI TSR AL
L f =g . . Coid
1 -E £ ‘E Ex Fimaad bis 15undrd ket [Beilpinb Fipge Fhlate thia  {riae theh Tovgirgs Hor bongungs [t elded Dibetn
o - -
] = e T
1 L X ThE -da- - - —da - -y - -da— -do- -0 - —du - -8 - v du -
wn - = E
5‘ L]
E r+ .
] E E EE;E ~da - -ga - -da ~ -do - -da — = e = - ds - - da - - Jdo = - -
5 H
uL
5 Lo
1 N o -do - - do - —da - -t = -da - -da - -do - —da - -dp - - do —
‘ﬂ ==L
FE T kg, P
.. Lanmg at Flatimg or
3 | Stecls, murface Irggped :.-:nt:“ “’::f“ Caibaniobg {Cunbooriaing | Mindding Hiwlhdng E:::i;‘!:;:l EE::_I:::[ athee rf. | uther 11:-'I"r-
: Bavcnug  |lisdiiug Lea'mEnL | a2k enl
s Fingeg | Fuqang  ddowm Forpli, ] Fougng | Moa borguyg] Forpng | hoo-Fogmg] Forgueg  [Sonfoiprr st Foigweg
Finiered
CHiver Special Sregl Cuntyg Standow 1ol PR T ] et et - | High carbon |AUuy taol | Hgh peed |Carbude
LA TR T freci secel el e fuwd aizil [areel el LTaer gaten Ceramicy ) Othets .
Catlode £1c.)
3 = -
e Capper | - . bai lup : : Spectdl
7 Capper & ihn JJ.h’.‘l:r| c‘::::: .::‘F( bt d Jrlate | Cupp lube HI:‘: hﬂ“lp et plate  |Uoamtube Bhrass walling | Hronmen bfl:l:::. Chbera
(LT FT T " |
Al lump lunp [htr alamun uralumne | e lnn
[ ] L gt melah al Bar Al plate Al ybe At sammg | b ptate b casing g allayr | Dowes
biar
. . . Ll
* | Olher matalior pan-melals P H1- 5n In Oter e tah Davelone Nyien Fi#, Oner “_wc“ Inargine
l Plasins Faperl marely

G



Tarlo 4 [R)

Clonsificaiion of Moin Dimonsigun, Priesary Shopos X Ratic of Moln Dimsonaiona

Column ¥ T vII
Hoin D'zenalons
Firiticn Pri=ary Shapoa,
Moz, Loigth L oa Hox. Dleioter Tt zm Rutlo of Hain Dizensions Uﬂ

o Lx16 T LD =05

1 18<LusSD 16 <D0 0.5 <L/D=1

2 50 < L2100 50 <D £100 A 1<L/D&1.5
=]

3 109 L 5160 100 <D Z1ED g 1.55L/naz2
[+

4 160 <L 52240 160 <D nz40 E 2<L/pza, 5
-
s —
<

5 240 <L 5 300 240 < Dz 380 2.54L/p =3

[ TEO L 2 G00 MO0 0D 3<LfD 0

I -
T EO0 L 51000 E00 <1 £31000 16<L/D
8 1000 <L % 2000 1000 < D & 2000 Rotatlonal L/px2
— — ChELonon Ly
with Jdoviation
4 FIPRAR) ELF e Y 2<L/n

——— e —

o

i
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Table 4 (W} .
Main Doensionae, Priaary Jeaps & Eatio of Malo Dimensions

Clampifization g
¥ - vi

Caluarm V11
Lp] Prismary Shapea,
' . ¥alin Diconaions fhw B} Ratio of Main Dimensions
Pagition {x B ¢
Edge Length & ea ¥idil: B cm Cathivinaas e, S.vmirkt ke
o homlb Lxlb Cube Campanynts AfB D3, ACEd
L - -
g
1 16<A &40 16 <P S50 g 4/px3, afo sy
E Flat Cozpanants
2 SO <Ch £100 50 <B 100 EJ’ Formed cozponent
. o
. L R
kY
3 100 <A £160 19<B 5160 3a VPSS
- - = Long Couponsnts - T T
4 1LO <A BLeD 160 <R =240 E Forned corponent
o S —
&
] 240C A 200 240 <p & 360 Coabination Shapes
' — SRR _
& XG0 A L7 TED SN & G600 = Lighy 20 kg WZ100 kg
B
2
ki CO0 €A &0 SO0 L 1000 gy Hiddlm 100 kg < W =250 kg
® o
&0
BaA
a 1000 CA 5200 OO0 GBS 2000 Gl A Hoavy 290 ¥z < W l000 kg
——— E ;
G
3 ZUTh MY L - Eetra leavy 1000 bp oW

f-l-

Cav

e



' Tbdu Yy (R}
Clasgifisation of Cecnatrical Shaps and Machining -
Coluan virz { ' u ] X | 11
Cocoetrical Ships ond Hachinipg * J
tazition Auriiiery Hole, Othez Fachintin
Exturngl Shapn Elosontis Intemal Shaper Elcacent Flane Surloze Mechlaing Frocess, for :L,;. Turgiﬂé ttéf
c s=200th, Ko ahapa alumnte witheut thegugh bore, bBlind - ng aurfoca machining ne aurfiliory boles, np aprcind
Eale nackining
b o— — -
! no ohapo elececta ho shope e]cmanle vxtornal plane purfees or = onr hole or not relatel,
' i @ . ] tuwy or nare plane surfascs n by m drillang jutlern
F - 64 )
i [ ] g * o g -
| = 1 with Functionol grogve *B with functignul gToovae Curved extornal plune aurfoce o related by o drilling
i 2 = . - or a2d wurfucs v Fattern .
Ee E & -
— 2 L —
- -
i 3 L% | with screw throcded e E wvith scTrow treuvdad ortarnal purfoce or ond ene kole ar robt reletad
surfose wilh geaeve or aplit — by a arilling pateern
e C
P A bt _ ro shspo eloaent Y| eo shaps olesenta witornn) apline = related by adrilling
i 1 = muttern in azicl
: IR £ 7 o Ldirgction
[=] L ul
I 5 ¥ ;:: with functiona] groowd 2 E with functigopsal groove cuter purfoz¢ nfo snd surfece ‘g tvloted Ly a dridling
s . wilh plene auwrfage, groove, = petbern do rediel
» "::' S r;,‘:_ wlit, vplipy giroetivy )
g & ,,:_'i. uith acrow threod.d % Y1 with sorew thruaded interial plwne aurfocs or hele (8} oxinl ppd redind
%5 =B g," gresvt 4T twd or mgre plwno
oo G gurfuccy
. Cwictitiial topor or gphoricnl funcijonal tapor or #pherical intornul gpline holafa) in ather diroctions,
! | shore tlinped part deep holefs), halofa) with
_ afocisl mnehining
8 opaTating thresd cparaling fﬁrand ertornal, intornnl and end eur-
focw uith groeove, saplit and 29 | rogauridiery hele(s)
- _4Flino E E
’ (4]
! g an Lunht ond oLhera dugment &d gthara Oilhurs Rl with sunil inry hulﬂ{s]

——— e el ——

- —

" artupt gusr evtting

>
’

bl



Tobie S5_(W) -
Cleasificaticn of Shape Tetailes & Kiods af Mazhining Froosessa

Colucn vt [ IX [ X X1
Etapa Datuiles & Kinl of Muchining Protsaann :
Fositign
FPlana Jurfrce Machinirg Rototionsl Surficw Surfaza with Specinl Machining Auxiliary hole{a) ;
- ! f
o T surface eochining 0o tatigoal sichining or no pjpucingl oazhining po auriliary ralae{n)
bqr:?s
N furwv1gnal chaabars one principal bors, mwaoth ESAT Cutting drilied in ora direction
[a.p. weldlug proparation) . only ‘
-z ars or atafiud pland surisces orm principal bora stepped to machining purvad aurfase " arilled in ana
one ar bauth eodos B diragtion and afpoaite
f 21&].:1u;1’p11;n0 surfoces at right ono pricgdlal bore with sheps I:pluuth: forming —_ * drilled in Sora tkan i
. 3 enrle /e opusita #liwvita . 2 jomr Jirestien '
I_ i » [2 dizentic.al} ;
— - —— _L — ..I-; b
! EaOpuRatl with Wiifera cTroos esvoral principal borsy parallsl - * drilled in nera than
4 ouctign {1) + {2) E' ¢na Jirection '
_ . - - {3 jﬂc::tiur.nll
o -
G sroove afo sl * ecversl principsl bores, . E {17 /o {2) + inzlined
othor thoo pacallel (1) + (3) - kale !
T4 ' '
2 {4) « (5) 5 |one principad bare {2) « {3 {3} 4 tnclined hole
—_— - —_— MR —
.'ﬁ i E ’
¥ one guide anrfocse i~ ‘EE agveryl Lrip:ipel bores 1) + (2)+ (M) f4) + anclined hole
5 savaral guide aurfoces anuular I“"'Ifd““ ::th-:r machiol: £ é drilled in ono dircctian
sAU] A CTOOVAS olug or forming B* ot omly
et e e o — e 1:..'---,..5 s . e . e v e B -
potid L I
4 thar " o Jrillad in mere than ane
gthurg athern aad « (2] « {m) -::P:'_u"i Jirection

T S,

* do not mean, wach oxis of heloa moct ot ona poaint,

1



Teblas &

Clegwificetion of Aecuracy and Maln Wachine Tools to ba
usgd at Ppigery Staga of Machining

Caluan IIt XTIl
Malo waphins tools to be used
Poaition decuragy at primary stage of machining
{Prinzipul waeh tool 2t GT 1ine)
atha
) 08 mocurecy opecified }chunqu sazhice}
s inturpul afn extecnal 1aike "
aurfuce (eylindrical) {conire-typa turing machine)
2 auttlng Plore purfecs vartical boclng & turpning 3111, facing
1t
3 {1} « (2) horlzontal milling zachine, Rroduction
willing mgchine
4 inturnal &fo arivrnal
wurfuce (erlindrical) vartical milling anchins
- grinding Flare yurfuce phapir, wlattoer
6 {4) + (5} planar, plancailler
7 highor accuracy surface finiuliing, including - s
Burfacs Finishirg with hwnd operating Horitontal boring ond allling Sachine
i) high scguracy poaltioning drilling wachias
g Bleh begulacy surloace finlubing with maghining veittur, alingle purpaas cachins
bpucit] wrchindy g Loale, thuera

pw:

L

{7
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24

BASIC DATA FOR MACHINE LOADING ANALYSIS

PT .} CODE ﬂ;ﬂ !lumnmz. MILLING{1) pmILLinGCT1)) DRILE ING GRIH-?}‘:.:-!G___J
o no  Wsized s/T ¥ w/rls/r Jw/m 1 s/m | w3 s/y L wir Is/x /T
1 o010 1200 115§ 20 y 1 13 5 - -1 15 3 6 | 20
2 foxo 124fl 30 15 12 | 15 7 - -} 23 6 7 15
3 JJlooz 123|] ss - -1 13 5 16 B | 23 12 b 10
411 12t 33 14 - - 15 6§ | 25 8 8 5
5lloio 120f 23 10 | 10 g - - - - - - |
b ooz 123}' - - | 15 8 - - | 18 | 10 8 23 L
7 do11 123‘ 15 51 11 9 - - [ 15 15 - -
g il10 124 12 15 15 - - 10 3 1 24 11 - -
9|u11 124'1 18§ 23 12 | 1o 8 - - - - 5 21
10 ooz 120 - ~ - 13 o | 30 | 11 - -
11 o1l 123 14 [ 12 6 - - ) 24 7 - -
12]112 122 g - - 12 10 { 18 |10 7 15
13!001 123 -1 1n 7 10 g | 25 |11 6 15
EHGH 123 g | 10 5 - - ) 24 4 - -
lsqlll 123 17 - - 12 g - - 5 18
161002 120 -1 10 6 - -t 20 113 - -
3
17 §120 120} 10| - - f10 8 {20 |11 - -
18112 121} 11 - - |12 17 | 20 7 5 10
198111 120 9 - - |13 5 - . - -
20012 124' o | 1 9| - - | 20 5 5 {18
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COMPUTATION SHEET FOR MACHINE LOADING AMALYS1S
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HON=1F] DTRECTTONAL

A v e

CONVENTICHAL LAYOUT

MACHINE GROUF/CELL LAYOUT
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A
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—->O—{]—/A\—D~

SUCCESSIVE SEQUENCE
TRANSFER

PARALLEL/OVERLAPP L NG
SEGULNCE TRANSFER

1
|
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{R)

{C)

{m

b
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GROVP SCHEDULING ALGORITHM FOR HEURISTIC SOLUTIONS

RULE-T:

{n} For those jobs thac the (ET' - ET) wvaluc is positive or zero, i.e.,
(ET' ~ 1) > 0, the job sequence is in ascending order of the =T
values,

{b} Tor those jobz with the {IT' '~ LT} value negative; (ET' - LT} < {0,
the job sequence Is in descending order of the IT' wvalues.

Symbolically: the job sequence is assigned

When (IT' - ET} > O, (ZT} &
(FT' ~ ET) < O, T §

RULE-TI:

Also the job sequence 13 sspigned In descending ordeor based on the
numerical wvalues of (ET' - IT}.

Symbolically: (ZT' - ZT}+

SPREC1AL CASES FOR RULE-T & RULE 1I1:

{a) 1If the differvnt values of {£T' - ET) are exclusively positive or
negative, RULE-T alone will provide z unique solution for an optimum
job sequence, and RILE-TI is not used,

{b) Should there be several identical (ET} or (IT') values, RGLE-II is
used to determine the proper sequence for the identieal wvaluwes.

RULE-TI1 and RULE-TV:

RULE-TI and RULE-IT are applied ta the problems where each job is processed
through a set of machives/operations in the same order., Howover, when
jobs are processed with certain operations omitted or missing for some
jobs, RULE-II1! and RULE-IV must also he applicd. RULE-ITI aud RULE-TV

are essentially the same as RULE-] and RULE-II respectively, except that
to apply RULE-IIT and RULE-IV, each row {n the sectioned time matrix IT
and T' is averaged. These averape cime valuos: T and T', arv found
by dividing the sectivned tige matrices of LT and ET' by the number of
operations performed in each rectloned matrix rvespectively,
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L SET UF PART FabiL;zay

GROUP SEQUENCE

JOB SEQUENCE

Parg Family L - 6”_-- ! T G, T
Group : 2 1 J !
Jobn - JH le = Toy 122 J:3! - JE] sz J3;1.
Set-up/ i %
?EE’;”““Q 1] Bl Pz |82 Yar| Pazq B2zl B3| Parj Paz Pas
My 5 5 7 3 V4 4 3 ? 2 1 9
M, s| 5| 1 | s 3§ 2| 8| 3| 2} 8 2
M 3 = 1 7 . 5
3 B {4y 1) s8] 5| 71 |
GROUP PROCESSING TIME
6, | 6 { 6 3
M l
M9 |
s B
GROUP # 1 OPTIMUM JOB SEQUENCE: O-O
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EXLAPLE OF ”Eﬁﬁﬂﬁh AND BOUsL MZTHOL™ FOR GROUP SCHEDUL it

Part ramily Gl i, sl ;
Croup - -

e e B T e B ) B i s S -
Jubs U R Ayl 9,1 Yoy 3., JjEE s
Sct-up/ l ! I

- s 1 5.- ) .. =
E'[_-Qt_gsblng Sl Pll P12 2 tzl Pzz P23 53 P3l P..‘-z Yy
ime :
My s{ st o7 [ 3 2 4} 3 7f 2| 1| 9

. — §

M, s| s ! 6l 3 2 8 3l 2 8 2J
M 4 3 8 4 1 G 5 1 7 4 5

a Il I L |2
1. EBranch zne make croun nodes (r=1}: Wy = Gl}, {Gz}. tnd

i

{3}

. = . E. = _ . [
Eranch 2ns mako J03 nofSos (=1, ==1); Wy T IJll}' {313},

{ngi, {JZE}r{JEE,}: {.331}, {332} znd {533 . Comntic LB

{the lower Sounc):

ﬁqll = 59, %7, 55, 55, 58, 55, &3, and 65.
Finc & Jleest LB: 55 (il there iz a tie, %axe one of the
hignest level [largur valueg ol r ond 5] ant the mdss lel:-
hand side). At this ncde,{le} in Gy {i=2), since sing

{1#3), branch and =make job nodes (s=2): e {JqT, Jqq}

and {J . J33}. Comnreine LE: quv i and ol

1

B - - - . Lz s - f . - ]
Find o leasg LI 55 at Tho node 1321, J.ﬁ} Ann 547 Sinca

S#n3 (273}, branch and meke job node {e=2}: Ny = {J21,:22

Fa

ng}. Copute LE: Ky 57.

s B ip I D T :
Finc & least Lib; 2 &L Lhie nodoo gy J'}'}‘J B T A

(142}, bhresch and gmexe 305 nodes {(sm2): MHia = i 0an . Oae
- - . - -

ewa 1 . < - - e,

LI I, ;- Corpuwne Lk F, = 5% anZ 3%

£2007 Y23 : -
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k<) £cn a i
{331}, {Jzz}r a”d{JBE}‘ Compute L3: = = 54,
& &

Find o Itzazz ld I R T - -
sinl {;?3]: CrenLochoani ranid el ot cr=dr: ﬁlh B
'r"' T - ‘:. C_.....“.I i LI {: - - -
(vxhs @M. MDY e TP
— - - - [ - - - 1 —
Find & 1Guct LR Lo oav the nooo {u?z, Wyt MGl ENNCE
: ; 5 - . f -
s#n; {242), brinch angd nzke I6bh nodc {o=3): N3 = {322 Jr3
A -
331}, Cempute iE: By, = 5% |
Findéd a least LE- 56 ay thoe nooe {qu, AR JE]} in G~; fince

S=ny then branch and mshae now orovp noces {(r=2): o =
{65. 51} ang {55, 55},
2 1] 2 3

nc menc jJob notes (r=2, s=l}: iy =

i

I-=

P
[ ¥y _—
o

i

[

LX)

rimd 2z lgast LB: 56 at the node {JII} inGy (1=1); s=since

; . . . _ . - 1

57my (122}, branch and mzhs jek nolc {s=l): ¥apo = {le, ity
et

Comourts LE: F‘ﬂ:'jj = 56.

Find 2 least LE: 5& at the node {Jlg. Jll} in G5 3§:! singe
s=n;, then branch and make sroup nede (r=3): N3 ={32, 61. G 3}

Branch and make job nedes (r=3, s=1}: ¥ap = {J31}, {J32).
"

and {J33}. Compuie I.B: PN31 = 5t,

cl, ard 63,

ok}

™Mnd 2 least LEBE: 56 at the nodfe {331} in Gy {1=3); since

S .

; (123}, branch and make job nodes (s+2): N3» =131 JEZ}

Fal
and {JBJ' 333}- Compute LE: ?1“2 = 51 and 6l.
Tind a least LE: 57 at the nods {33y, J32) in G3: since

syny, branch end make job node (s=3): N33 = {J31, Jaz, J33).

Fa’
Corpute LB: F, = 57.
"33
ind & least LB: §7. Since 2ll groups &nf joRs arv

satonced, the opiime) solution for crour scousnce andé 1Ch
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6 96

g T
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1552 fﬁbflﬂé* bl
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J1pdy G5B
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J31 (56)]
i

Jzp 61} 153 (83)

I, W,

J31J32 {5?j
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GROUP
GROUP

GROUP
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COMPARATIVE ANALYSIS FOR ECONOMICS OF GROUP TODLING

Conventional Croup Toolling
Item tooling Method Method
Cost of the Drill jig $815 $2208
Number of jigs required & 1
Cost of an adapter - $450
Number of adapters required - 5
Number of pieces to be prod. 240 240

COMPUTED EXAMPLE OF TOOLING COSTS FOR COMPARISON

No. of parcs Conventional Yethod Group toolineg Method
in part ct (5
family i 2 Cm/.a Caz
1 $ 815 $3.40 S 2,658 S11.08
2 1,630 3.40 : 3,108 0.48
3 2,445 340 3,558 4 .94
4 3,260 3.40 4,008 4 16
5 4 075 3.40 4,458 3.72
b 4,840 3.40 4,908 3.41
7 5,705 3.40 5,358 3.18%
8 6,520 3.40 5,808 3.03
9 7,335 3.40 6,258 2.90
10 8,150 3.40 &,708 2 .80
11 8,965 3.40 7,158 2.71
12 9.780 3.40 7,608 2.564
13 14,595 3.40 8,058 2.49
14 11,410 3.40 8,508 2.58
15 12,225 3.40 8,958 2. .49
20 16,300 3.40 11,208 2.34
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