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| NTRODUCTI ON

Agrow ng anount of attention has been turned to G oup Tech-
nol ogy which deals with the area of batch-type manufacturing
for those who are engaged with small lot sizes and a variety
of products. Devel opnent and inplenentation of integrated
conput er aided manufacturing (ICAM wll lead to rapid changes
in US. mnufacturing industry. I't has been recogni zed that
G oup Technology is an essential elenment of the foundation

for the successful devel opnent and inplenentation of | CAM
through the application of the part-famly concept.

G oup Technology is a manufacturing philosophy which identi-
fies and exploits “the underlying sanmeness” of parts and

t he manufacturing processes. I n batch type manufacturing,
conventionally each part is treated as being unique from
design to manufact uj ver, by grouping simlar parts
into part famlies _Fié. 1;ibased on either their geonetries
or processes, it is possible to reduce costs through nore
effective design rationalization and design data retrieval
fewer stocks and purchases, sinplified and inproved produc-
tion planning and control, reduction of tooling, and set-

up tinmes, flow line production by machi ne groups/cells,

| ess in-process inventory, reduction of total through-put
time, reduction of NC programming, a nore efficient NC
machine utilization. See|Fig. 2.

The basic concept of Goup Technol ogy has been practiced in
the U S for many years as part of “Good Engineering Prac-
tice” and “Scientific Mnagenent”. For exanple, a coding
system devel oped by F. W Taylor (1) was used in the manu-
facturing industry as early as the beginning of this century.
Many conpani es devised their own coding systens and have
been using them for many years in various areas such as
design, materials, tools, etc. There are nunerous exanples
of machine groups or cells, group tooling devices, part
famly groupi ngs and programm ng, etc. which have been in
practice for many, many years in various sectors of U S.

I ndustry. These practices and applications of Goup Tech-
nol ogy Concept’s were identified under different names and
in various forms of engineering and manufacturing functions.

I n Europe, Goup Technol ogy al so has been practiced in var-
ious fornms and degrees for many years. Many countries took

a new interest in Goup Technology in the 1950's and 1960’ s.

At that tinme coding systens were devel oped, machine cell
concepts were practiced, and many excellent group tooling
practices have been reported (2,3). Japan has been pro-

nmoting Group Technology in order to inprove jts productivity
since the 1960's (4). However, in the U S., Goup Technol ogy
has not received formal recognition and has not been rigorously
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(a) Part family with similarity in shapes

(b) Part famly with simlarity in production
oper at i ons

Figure 1, Exanples of part famly
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IMPROVEMENTS IN ENGINEERING DESIGN
(DATA RETRIEVAL, ELIMINATION OF DUPLICATIONS, DESIGN RATIONALIZATION)

MATERIALS MANAGEMENT AND PURCHASING BENEFITS
{GROUP PURCHASE, LESS STOCKS AND PROCUREMENTS)

PRODUCTION CONTROL BENEFITS T
(IMPROVED SCHEDULING, FASTER THRU-PUT, LESS INVENTORY)

MANUFACTURING ENGINEERING BENEFITS
(FLOW LINE SYSTEM, MACHINE CELLS,
AUTOMATIC PROCESS PLANNING)

TOOLING AND SET-UP BENEFITS
{REDUCTION OF TOOLING AND SET-UP COSTS!

MANAGEMENT BENEFITS
(BETTER CONTROL AND STATISTICS)

OVERALL COST REDUCTION AND
INCREASED PRODUCTIVITY

REDUCTION OF N
MANUFACTURING COSTS

MD. 3 3 Q 12 PR, o

Figure 2, Reduction of manufacturing costs through Group Technology applications
and approximate time required for implementation.



practiced as a systematic scientific technology. The nost
evi dent aspect of the U S. nanufacturing scene in the |ast
few years is that it is undergoing a revolution through

a critical self-evaluation for inprovenent of manufacturing
productivity. This has led to an intensified effort in

I ntegrated conputer aided manufacturing. This trend has
stinulated a strong interest in Goup Technol ogy toda¥
since it provides the essential means for higher manufac-
turing productivity and for conputer aided manufacturing,
e.g. conputer aided process planning, etc. (5 6, 7, 8, 9).

One of the nost inportant techniques in increasing manu-
facturing productivity is the econom c incentive. Mnu-
facturing normally contributes approxi mately 30% of the
gross national product of nodern industrialized countries.
Yet in spite of that, manufacturing, although normally
thought of as a highly productive and efficient activity,

Is not generally so. For exanple, this is clearly true

of batch-type netal working manufacturing environnent.

In the U.S. manufacturing industry, one of the significant
facts to be carefully examned is the change in production
trends. It has been estimated that in the next decade,

about 75% of all industrial parts produced in the U S wll
be on a small-lot basis, as conpared to about 25% at pre-
sent (10). A recent surveg on Goup Technol ogy applications
in metal working in the US.  (11) indicates that the average
lot size is |less than 50 pieces. The

met al wor ki ng industry enploys al nost 40% of the total enploy-
nent in manufacturing in the U S.  Thus, the potential for
econom ¢ inprovenment of manufacturing by Goup Technol ogy

I's indeed not only tremendous now, but will grow with tinmne.

It has al so been reported that in batch-type netal working
shops, only about 5% of the total production tine is
actually spent on machine tools while the other 95% of

the time is spent in nmoving and waiting for parts in the
shop. O that 5%, only about 30% is spent as productive
tine in cutting materials as shown in[Fg. 3 (15) . There-
fore, major efforts should be nmade to inprove this situa-
tion for higher manufacturing productivity. |nprovepents

can certainly be achieved by proper inplementation of G oup
Technol ogy and by conputer automated manufacturing.

Another area for inprovement is nore efficient utilization
of expensive machine tools and work centers. To achieve
the goal for inplenentation of conputer automated manu-
facturing, this task is an essential requirenent. Agajn

G oup Technol ogy provides a key elenent toward this gF%ort.
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Figure 3, Percentages of the life of the average workpiece in
bat ch-type netal -worki ng producti on shops
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A recent survey conducted by CAM I (Conputer A ded Manu-
facturing International Inc.) in April 1975 provides strong
evi dence of the inportance of G oup Techpal Lications
for batch-type manufacturing industries,|(figure 4 (h3))
It can be concluded that G oup Technol ogy 1s one of our

nost inportant nethods of solving present problens and
i nprovi ng manuf act uri ng.

For these reasons, nmany conpanies in the U S. who are re-

| ated to batch-type conponent industries (e.g., aerospace

i ndustry) have becone increasingly interested in Goup
Technol ogy. The activities related to integrated conputer
ai ded manufacturing (I CAM, such as CAD/ CAM and conputer

ai ded process planning (CAPP) provide nore incentive four
imediate interest in many sectors of U S. industries.

It is also interesting to note that many U.S. conpanies are
also interested in Goup Technol ogy applications to justify
their ever-increasing capital investnents for expensive
NC machi nes by nore efficient nmachine |oading through part
famly grouping.

PART FAM LI ES

A part famly or group is defined as a collection of rel ated
parts which are nearly identical or simlar. They are

rel ated by geonetric shape and size and by sim/lar process-
ing requirenents. Alternatively, they may be dissimlar in
shape, but related by having all or some common production
oper ati ons.

The grouping of related parts into famlies is the key to
the G oup Technol ogy concept. These fam lies may be con-
structed in one of two ways as foll ows:

a) The first type of part famly consists of parts
which are simlar in shape within a certain
di mensi onal range and have nobst or perhaps al
production operations in conmnon.

b) The second type of part famly consists of parts
of dissimlar geonetry put have a simlarity in
producti on operations.

The problem which imrediately presents itself is how are the
parts to be efficiently grouped into these famlies? There
are three basic nmethods used to form part famlies, nanely:

a) Manual visual search
b) Production flow analysis (FiLg. 5)
¢c) Cdassification and coding systens [Fig. 6)
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on current manufacturing interests
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(a) Original record fromoperation rout sheets
art No I
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(b) After sorting famlies and groups
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Figure 5 Exanple of Production flow analysis
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CLASSI FI CATI ON_AND CODI NG

Classification is arranging itens into groups according to

some principle or system whereby |ike things are brought

t oget her bX virture of their simlarities, and then separated
by a specific difference. A code can be a. system of synbols
used in information processing in which nunbers or letters

or a conbination of nunbers and letters are given a certain
meani ng

There are many varieties of classification and coding sys-
tems being used around the world. The best coding system

Is one which is properly adapted to neet the specific needs

of the conpany where it is being used. A conpany can de-

vise its own unique system based upon publicly avail able

systens or adapt a commercially available systemto neet

Its needs. It is essential that an adapt ed system be

applicable to and usable by all concerned departments in the

company, including design, engineering, planning, control

manuf acturing, tooling, nanagenent.

A wel | -designed classification and coding system for Goup
Technol ogy 1 npl ementation should neet several basic require-
ment s. (Frg. 7)

DESI GN DATA RETRI EVAL

An inportant application of a good classification and coding
systemis in connection with design data retrieval and
rationalization. Not only design information, but materia
speci fication, production planning and other production
informati on can be readily available. Al relevant produc-
tion information can be retrieved for scheduling, group
machi ning, group tooling and set-up. A classification and
coding system also facilitates a part reduction and stan-
dardi zati on program which can be valuable to the company as
well as to custoners of the conpany. It has been reported
(11) that an average cost of introducing a new part into
engi neering and manufacturing systens is around $1,300 to
$2,500 (average $1,900) per part. One conpany reported

t hat about 2,500 new parts were released annually (thus an
average of ten new parts every day), while about 30, 000
active parts were in their design files. It can be esti-
mated that the annual cost of new part introductions in
thi s conpany approxi mates $4, 750, 000 per year (=2,500 parts

X $1, 900 per part). It is clear much can be saved by
elimnating the duplication of parts thus reducing the
nunber of new parts. It has al so been reported that about

5 to 10% of new parts can be avoided by the proper use of
classification and coding systems. Thus, the conpany re-
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MAIN SHAPE CODE SUPPLEMENTARY

digit 1 digi - I i C ODE
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— cross sctn bﬁflc from main  preparation
0 symmelry t S ape Shape
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Devel oped in West Germany at Aachen Technical Univer-

sity around 1970. = The codin% system consists of five
nuneric primary digits and four” nuneric secondary

digits. The code describes parts as sheet or pro-
filed components and further defines them according

to shape, cross-section and necessary preparation.
The suppl enmentary code covers main dinensions, thick-

ness and material .

Figure 7, Exanple of sheet metal classification and coding
system (23).
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ferred to can save about $237,500 to $475,000 per year in
the reduction of duplicated designs.

MACHI NE GROUP
There are three types of plant layout, nanely: a) line
| ayout, b) functional layout, and c) group layout. |n the

practice of Goup Technol ogy, a group of nachines for a
part famly or nore may be fornmed such that it can perform
all the operations required by the famly or famlies of
parts. The machi nes thenselves are arranged in a flow line
to mnimze transportation and waiting problens. The re-
sult is very simlar to a nodern nachining center. |f
conditions warrant, a machining center may be used instead
of a group of single purpose machines. An exanple of a
group layout of machine tools based upon the G T. concept
as_conpared with a conventional functional l|ayout is shown
in F“g. 8. | This illustrates the advantages of a group

| ayrout=

COVPOSI TE PARTS

The conposite conponent provides production aid for the
application of GT. in the standardization of parts, machine
groupi ng, designing of group jigs and fixtures, the plan-
ning of group toaling set-ups, and standardization of pro-
cess routings. | Fig. 9 Jllustrates a group of parts repre-
sented by a conpusrtte ctonponent whi ch possesses all the
shape characteristics and processing features of a part
famly. If tooling is devel oped for the conposite conpo-
nent, then any part in the famly can be processed wt

the same toolIng.

GROUP JIGS, FIXTURES AND TOCOLI NG SET- UPS

To get the maximum utilization fromtooling set-ups, tool-
ing for the operations within a part famly should be
arranged so that all the parts, or as many as possible, in
a famly can be processed with one group type fixture and/
or one set-up. Goup ji%s and fixtures are designed to
accept every nenber of the famly. An exanpl e of such a
group jig for drilling a part famly is shown in Fig. 10
To drill the holes of eight (8) different parts in this
part famly, it requires only one group jig and eight (8)
different auxiliary adapters to accommodate sone differences
in sizes, nunmbers, and |ocations of the holes. Therefore,
instead of designing, fabricating, and using eight 1ndivi-
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(a) Conplicated work-flow system with functional |ayout

e
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Figure 8, Conparison of functional and qroup |ayouts of
machines: D =drill press, M= milling Machine
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Figure 10, Example of a group drill jig and adapters used for drilling 8
different parts in a part family



dual drill jigs as is done in a conventional production

met hod, only one group jig and eight (8) adapters are re-
quired for the same jobs. It becones clearly evident how
much tooling costs can be reduced using Goup Technol ogy.

NC PART FAM LY PROGRAMM NG

One of the inportant applications of Goup Technol ogy is
sof tware devel opnment for NC machining. This is referred
to as “Part-famly Progranm ng" (15). Part-famly program
mng is an NC program system that groups common or simlar
program el enents into a single, naster conputer program
The master conputer program or pre-processor, is a per-
manent base from which an NC tape can be prepared for any
part in the part-famly. Therefore, part-famly progranm ng
i ncreases the productivity of costly NC operations by sav-
ing programm ng tine, manpower, and tape prove-out tine.
It also reduces lead tinme, tool inventory, and sinplifies
mai nt enance and requires fewer conputer reruns.

COWPUTER Al DED PROCESS PLANNI NG

One of the essential requirenents for the inplenmentation of
CAD/ CAM is conputer aided process planning. The use of an
automat ed process planning technique is a basis for a
rational and |ogical approach to Inprove manufacturing
productivity in a CAD/ CAM system

It has been recogni zed that G oup Technology is an essen-
tial element for the successful execution of conputer auto-
mated process planning. As jndicated in the flow di agram
proposed by CAM I |(Fig. 11),|the |ogical approach to
successful aut omat planning is a system based

on the part fam I%/ concept of Goup Technology. The dev-
el opnent of part fam|ies, using suitable classification
and coding systens, will make it possible to systematically
formpart famlies and thus rationalize and devel op stan-
dards of shaPe and process within the part famlies, making
It possible tor the automatic generation of process plans.
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Figure 11, Flow diagramfor conputer aided process planning by CAM | ( 8)




PRODUCTI ON  CONTROL AND SCHEDULI NG

Production scheduling is greatly sinplified by G oup Technol ogy.
The scope of the problemis reduced fromthat of a l|arge

portion of the shop to a small group of machines. |f the
famlies of parts and groups of nmachines have been forned
correctly, each job will indicate by its code nunber which

group of machines will process it. Wthin the group of machines
the scheduling problemis again reduced to sinply scheduling
the given jobs through the machines in a cell. A conputer
program can be set up to schedule jobs of a part famly to a
correspondi ng machine group/cells. The jobs can be properly
sequenced in the famly and the famlies properly sequenced

t hrough the machine groups/cells.

Proper scheduling is an integral part of Goup Technol ogy.
When conbined with reduced set-up tinme and reduced transPor-
tation, two significant cost reduction benefits can be effected.
The nost obvious benefit is reduction of total production

tine. Wth reduction of production tine, inventories can

be reduced substantially and production work can proceed on
schedule. At the same time, scheduling becones reliable

to guarantee the delivery date with greater assurance. |et

us call production scheduling associated with G T. applica-
tions “Goup Scheduling” (16). Proper application of G oup
Technol 6gy W TT resurt rn:

a) Reduction of set-up times and costs.

b Optimal decision of group and job sequences.
C Possibility of flowline production.

d)  Optinmum group |ayout.

e) Over-all econom c advantages.

As uses of computers have becone nore popular in
various manufacturing activities, one of the npbst successful
innovations in the area of nmanufacturing inventory manage-
nment is enbodied in what has becone known as Material Require-
nents planning (MRP) Systens (17). Since G oup Technol ogy
applications directly relate to and influence various plan-
ning and inventory activities, it is inportant to consider
the interrel ationshi ps between group scheduling and MRP.

There are already several conpanies who have successfully
i mpl emented both G T. and MRP in production applications.

ADM NI STRATI VE PROBLEMS

a) PERSONNEL PROBLEMS

I n group production nethods when a job is assigned
to a machine group/cell, it is processed under-given
production operations by that one group. The fIlow
of production information into or out of the shop
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becomes both easier and nore accurate with the
group production method. Since all the jobs in
a group are confined to a relatively small area
of the shop and a small group of nen, the group
supervi sor can have immedi ate know edge of the
state of conpletion of all the jobs in the group

h) SOCI AL PROBLENS

As G oup Technol ogy has beconme nore accepted, it

has al so becone apparent that efficiencies obtained
t hrough G oup Technol ogy applications are not deter-
mned entirely by its technical characteristics.
Additional factors of a social nature are making

an inportant contribution, and these are anong the
maj or appeals which Goup Technology is naking to
behavi oral scientists (18). It offers sone sol u-
tions to job satisfaction such as worker involve-
nment in decision-naking, personalized work relation-
ships, variety in tasks, freedom to determ ne

net hods, group production nethods, etc.

MANAGEMENT PROBLEMS FOR G T. | MPLEMENTATI ON

Installation of the systemcalls for a high degree of co-
operation between a nunber of groups or departnents in the
firm Personnel in design engineering, planning controls,
tooling, and the production shop itself nust realize how
dependent each group is on the others. This level of comuni-
cation and cooperation is often |acking. It is absolutely
essential if Goup Technology is to be inplenented success-
fully

It Is a cormon phenonenon that a great deal of suspicion
follows any form of change to an existing pattern of life,
whet her this change is within an industrial environment or

entirely outside of it. G oup Technology will not only
change the pattern of work environment for nany of the
enpl oyees in a conpany, but it will also demand a new form

of thi nking. For successful inplenmentation of Goup Tech-

nol ogy, the cooperation of everyone concerned is essential.

It is recoomended that an ad-hoc committee be formed to plan
the conpany-wide G T. inplenentation. This conmttee should
be headed by a senior executive who can get close coordination
bet ween the involved departnents.
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FUTURE TRENDS OF GROUP TECHNOLOGY

A forecast of the future of production technol ogy advance-

ment, carried out by both the University of Mchigan (19)

and the International Institute for Production Engineering
Research (CIRP) (20), strongly indicated that the conputer

automated factory would be a full-blown reality well before

the end of this century. It is especially interesting to

note that the survey by the University of Mchigan researchers

predicts that by 1988 nore than 50% of industry will use

G oup Technology in manufacture, while the survey by CRP

i ndi cates that by 1990 70% of industry will use Goup Techno-
logy in manufacture. |t is evident that new technol ogical

I nnovations, such as DNC, CNC, machining centers, industrial

robots, mcro-processors, etc., wll be continuously intro-

duced toward nore autonmated conputer integrated nmanufacturing

systens involving CADCAM and thus lead to nore inte-

?rated_applications of G oup Technol ogy for optinum manu-
acturing and higher productivity. The recent effort by a

USAF |- CAM project is a positive approach to achieve those

obj ecti ves 21{.

A part classification system which is an integral part of

and has been used as an essential tool of Goup Technol ogy
applications, can also be evolved as a nmeans of describing
parts in a formthat can be integrated readily into a compu-

ter data base structure which will link design and production.
Such a part descriptive classification systemidentifies and
codes basic shape elenents such as cylinders, rings, cones,
cubes, etc. These basic shape elenents are further expand-
ed to include chanbers, keyways, threads, and so forth.

These shape el ements should be selected so that they cor-

respond to groupings of tooling set-ups, machines or nmachine
stations using Goup Technol ogy concepts, and also to provide
bases for conputer automated process planning. Al so as
evolution of CAD\CAM |l eads to generative design and to

generative process planning, certain part classification

and coding systens will becone an integral part of the

total generative system evolving wth CAD\H CAM

G oup Technology is a dynamc and revol utionary devel opment
whi ch continues to expand its influence on manufacturing
systems. It is evident that the role of Goup Technol ogy
wll certainly be broadened with nore innovative advance-
ments in theory and application, not only for inproving
productivity in conventional batch-type manufacturing
systens, but also for proper adaptation of CAD/ CAM systens.
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APPLI CATI ONS “OF GROUP" TECHNOLOGY
I N SHI PBUI LDI NG | NDUSTRY

Two major areas of shipbuilding in which Goup Technol ogy
application mght be considered relevant are:

1) Conponent production by group/cell nethod.
2) Assenbly unit construction.

There are several classification and coding systens designed
for sheet metal works (22, 23, 24, 25, 26) and some of

them were applied to a ship hull conponent classification
system as an effort for Goup Technology inplenentation in the

shi pbuil ding industry (27).

Sone potential benefits of Goup Technol ogy applications for the
shi pbuilding industry are as foll ows:

(1) I nproved production through group/cell production
net hod for cutting, preparation and assenbly of
steel work.

(2) Design rationalization and inproved production
pl anning through effective data retrieval for
conponent size, shapes, variety and production
nmet hods.

(3 Rationalization of raw material supply and pre-
paration through standardization and inproved
i nventory control

(4) Adaptation to conputerized automatic process plan-
ni ng and ot her managenent information systens.

(5) Variety reduction and standardi zation of proprietary
purchased itens.

(6) Rationalization for pipework and pipe fitting and
assenbly for ship fitting-out process.

(7)  Inprovenent of shipyard organization and | ayout
t hrough group production nethod.
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