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4.1 Introduction

Group technology is a manufacturing philosophy in which similar parts areidentified and groupedto take
advantage of their similarities in manufacturing and design. Similar partsare arranged into part families.

For example, a plant producing 10,000 different part numbers may be able to group the vast majority of
this partinto 50 or 60 distinct families. Each family would possess similar design and manufacturing
characteristics. Hence, the processing of each member of a given family would be similar, and thisresults
in manufacturing efficiencies.

These efficiencies are achieved in the form of reduced setup times, lower in-process inventories, better
scheduling, improved tool control, and the use of standardized process plans. In some plants where GT
has been implemented, the production equipment is arranged into machine groups or cells to facilitate
workflow and parts handling.

In product design, there are also advantages obtained by grouping parts into families. For example, a
design engineer faced with thetask of developing a new part design must either start fromscratch or pull
an existing drawing fromthefiles and makethe necessary changesto conformtothe requirementsof the
new part.

The problem is that finding a similar design may be quite difficult and time-consuming. For a large
engineering department, there may be thousands of drawingsin the files with no systematicway to locate
the desired drawing.

As a consequence, the designer may decide that it is easier to start from scratch in developing the new
part. This decision is replicated many times over in the company, thus consuming valuabletime creating
duplicate or near-duplicate part designs. If an effective design retrieval system were available, this waste
could be avoided by permitting the engineer to determine quickly if a similar part already exists.

A simple changein an existing design would be much less time-consuming than starting from scratch.
This design-retrieval system is a manifestation of the group technology principle applied to the design
function. To implement such a system, some form of parts classification and coding is required.

4.2 PartFamilies

A part family is a collection of parts that are similar either because of geometric shape and size or because
similar processing steps arerequired in their manufacture. The parts within a family aredifferent, but their
similarities are close enough to merit their identification as members of the part family.

The two parts shown in Fig.4.17 are similar from a design viewpoint but quite different in terms of
manufacturing. The parts shown in Fig.4.2 might constitute apart family in manufacturing, but their
geometry characteristics do not permit them to be grouped as a design part family .
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Fig.4.1 - Two parts of identical shape and size but different manufacturing requirements



Fig.4.2 - Thirteen parts with similar manufacturing process requirements but different design attributes

4.2.1 Group Technology Layout

The various machine tools are arranged by function in Fig.4.3. There is a lathe section, milling machine
section, drill press section, and so on.
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Fig.4.3 - Process-type layout

During the machining of a given part, the workpiece must be moved between sections, with perhaps the
same section being visited several times. This resultsin a significant amount of materialhandling, alarge
in-process inventory usually more setups than necessary, long manufacturing lead times, and high cost.

Fig.4.4 shows a production shop supposedly equivalent capacity, but with the machines arranged into
cells. Each cell is organizedto specialize in the manufacture of a particular part family.
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Fig.4.4 - Group technology layout

Advantages are gained in the form of reduced workpiece handling, lower setup times, less in-process
inventory, less floor space, and shorter lead times. Some of the manufacturing cells can be designed to
form production flow lines, with conveyors used to transport work parts between machinesin the cell.

4.2.2 Methods of Grouping Parts into Part Families

The biggest single obstaclein changing over to group technology froma traditional production shop is the
problem of grouping partsinto families.

There are three general methods for solving this problem. All three methods are time-consuming and
involve the analysis of much data by properly trained personnel. The three methods are:

1. Visualinspection
2. Production flow analysis (PFA)
3. Partsclassification and coding system

The visual inspection method isthe least sophisticated and least expensive. It involves the classification
of partsinto families by looking at either the physical parts or photographs andarrangingtheminto similar
groupings. This method is generally considered to be the least accurate of thethree.

The second method, production flow analysis, was developed by J. L. Burbidge. PFA is a method of
identifying part families and associated machine tool groupings by analyzing the route sheets for parts
producedina given shop. It groupsthe partsthat have similar operation sequences and machineroutings.
The disadvantage of PFA isthat it accepts the validity of existing route sheets, with no consideration given
to whether these process plans are logical or consistent. The production flow analysis approach does not
seem to be used much at all in the United States.

The third method, parts classification, and coding is the most time-consuming and complicated of the
three methods. However, it is the most frequently applied method and is generally recognized to be the
most powerfulof the three.

4.3 PartClassification

This method of grouping parts into families involves an examination of the individual design and/or
manufacturing attributes of each part. Theattributes of the partare uniquely identified using code number.

This classification and coding may be carried out onthe entirelist of active parts of the firmor a sampling
process may be used to establish the part families.




For example, parts produced in the shop during a certain given period could be examined to identify part
family categories. The trouble with any sampling procedure is the risk that the sample may be
unrepresentative of the entire population. However, this risk may be worth taking, when compared to the
relatively enormoustask of coding all the company’s parts.

Many parts classification and coding systems have been developed throughout the world, and there are
several commercially available packages being sold to industrial concerns. It should be noted that none
of them hasbeen universally adopted.

One of the reasons for this is that a classification and coding system should be custom-engineered for a
given company or industry. One system may be best for one company while a different system is more
suited to another company.

4.3.1 Design system versus manufacturing systems

Parts classification and coding systems divide themselves into one of three general categories:

1. Systems based on part design attributes
2. Systems based on part manufacturing attributes
3. Systems based on both design and manufacturing attributes

Table 4.1 - Design and manufacturing part attributes typically included in GT classification system

Part design attributes

Part manufacturing attributes

Basic external shape

Major processes

Basic internal shape

Minor operations

Rotationalor rectangular shape

Operation sequence

Lengthto diameter ratio (rotational parts)

Major dimension

Aspect ratio (rectangular parts)

Surface finish

Materialtypes

Machine tool

Part function

Production cycle time

Major dimensions

Batch size

Minor dimensions

Annual production

Tolerances

Fixturerequired

Surface finish

Cuttingtools used in manufacturing

Systems in the first category are useful for design retrieval andto promote design standardization.

Systems in the second category are used for computer-aided process planning, tool design, and other
production-related functions.

The third category represents an attempt to combine the functions and advantages of the other two
systems into a single classification scheme.

The type of design and manufacturing parts attributes typically included in classification schemes are
listed in Table 4.1. There is a certain amount of overlap between the design and manufacturing attributes

of a part.



4.3.2 Coding system structure

A part coding scheme consists of a sequence of symbols that identify the part’s design and/or
manufacturing attributes. The symbolin the code can be all numeric, all alphabetic, or a combination of
both types. However, most of the common classification and coding systems use number digit only.

There are three basic code structuresusedin group technology applications:

1. Hierarchical structure
2. Chain-typestructure
3. Hybrid structure, a combination of hierarchical and chain type structures

With the hierarchical structure, theinterpretation of each succeeding symbol depends on the value of the
preceding symbols. Other names commonly used for this structure are mono code andtree structure. The
hierarchical code provides a relatively compact structure that conveys much information about the part in
a limited number of digits.

Inthe chain-type structure, theinterpretation of each symbolin the sequenceis fixed and does not depend
on the value of preceding digits. Another name commonly given to this structureis polycode.

The problem associated with the polycodes is thatthey tend to be relatively long. On the other hand, the
use of polycode allows for convenient identification of specific part attributes. This can help recognize
parts with similar processing requirements.

To illustratethedifference between the hierarchical structure and the chain-type structure, consider a two-
digit code, such as 15 or 25. Suppose that the first digit standsfor the general part shape. The symbol 1
means round work part and 2 means flat rectangular geometry.

In a hierarchical code structure, the interpretation of the second digit would depend on the value of the
first digit. If preceded by 1, the 5 might indicate some length/diameter ratio, and if preceded by 2, the 5
might be interpreted to specify some overall length.

In the chain-type code structure, symbol 5 would be interpreted the same way regardless of the value of
the first digit. For example, it might indicate overall part length, or whether the part is rotational or
rectangular.

Most of the commercial parts coding systems used in industry are a combination of the two pure
structures. The hybrid structure is an attempt to achieve the best features of monocodes and polycodes.
Hybrid codes are typically constructed as a series of polycodes.

Within each of these shorter chains, the digits are independent, but one or more symbols in the complete
code number are used to classify the part population, as in the hierarchical structure. This hybrid coding
seems to best serve the needs of both design and production.

4.4 Parts Classification and Coding Systems

Following factors be considered in selecting a parts coding and classification systems:

Objective: The prospective user should first define the objective for the system. Will it be used for design
retrieval or part-family manufacturing or both?

Scope and application: What departments in the company will use the systems? What specific
requirements do these departments have? What kinds of information must be coded? How wide a range
of products must be coded? How complex arethe parts, shapes, processes, tooling, and so forth?

Costs and time: The Company must consider the costs of installation, training, and maintenancefor their
parts classification and coding system. Will, therebe consulting fees, and how much? How much time will
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be required to install the system and train the staff to operateand maintainit? How long will it be before
the benefits of the system are realized?

Adaptability to other systems: Can beclassification and coding systembe readily adapted totheexisting
company computer systems and databases? Can it be readily integrated with other existing company
procedures, such as process planning, NC programming, and production scheduling?

Management problems: It is important that all involved management personnel be informed and
supportive of the system. Also, will there be any problems with the union? Will cooperation and support
for the system be obtained fromthe various departmentsinvolved?

There are three parts classification and coding systems that are widely recognized among people familiar
with GT:

1. Opitzsystem
2.  MICLASS system
3. CODE system

4.4.1 The Opitz Classification System

This part classification and coding system was developed by H. Opitz of the University of Aachen in W est
Germany. It represents one of the pioneering effortsin the grouptechnologyand is perhaps the best known
of the classification and coding schemes

The Opitz coding systemuses the following digit sequence
12345 6789 ABCD

The basic consists of nine digits, which can be extended by adding four more digits. The first none digits
intended to convey both design and manufacturing data. The general interpretation of the nine digits is
indicated below figure.

Supplementary

Form code
code
Digit 1 Digit 2 Digit 3 Digit 4 Digit 6 Digit
Part class
Main shape Rotational Plane surface Additional holes 6 7 8 9
0 UD<05 machining machining teeth and forming
— \ External Internal [T Machining [~ Other
1 05<L/D<3 shape shape . p——1 ofplane [=== holes and
—| 1t element — surfaces — teeth
2| g woas " ”
L= K]
£ |With deviation E
1@ w2 ™~  Man Rotational |__| ™Machining Othe; hﬁs g
— - — L et f plane ———t leeth a
With deviation shape machinin ° h w
a LD e I L] surfaces  jmed forming Sls g ‘E
- 2] T (Yo [~
e 1o} 2
5 Special Main E|l2]8|8
. shape [ 2
6 A/B <3 =
_| AC=4 Z
] g Main Main bore and {™1 Machining [™] Other holes 2
7 g A/B>3 shape rotational == ofplane == teeth and o
— 3 - machining fe—e{ surfaces |fomd forming
8 g A/B<3
2 A/C<4
1 Main
9 Special shape

Fig.4.5 - Basic structure of the Opitz system

The first five digits, 12345 are called the “form code” and describe the primary design attributes of the
part.

The next four digits, 6789, constitute the “supplementary code” It indicates some of the attributes that
would be of use to manufacturing (dimensions, work material, starting raw workpiece shape, and
accuracy).
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The extra four digits, ABCD are referred to as the “secondary code” and are intended to identify the
production operationtypeand sequence. The secondary code can be designed by thefirmto serveits own
particular needs.

Digit 1 Digit 2 Digit 3 Digit 4 Digit 5
External shape, Internal shape, - Auxiliary holes
Part class external shape elements | | internal shape elements | | ©'2® surface machining and gear teeth
) Smaooth, no shape Nao hole, No sur;‘ace s1e
0 L/ <05 0 elements 0 no breakthrough 0 machining 0 No auxiliary hole
m Surface plane and/or | | |
1 05<L/D<3 1le No shape ] Na shape 1 curved in one 1| |Axial. not on pitch
13 elements E elements ditection. external circle diameter
BE u § B -E E External plane surface| ]
w = . i
2 g. L/D=3 212|& Thread 2|5 @ Thread 2 | related by graduation 2|5 Axial on pitch
b 25 . 8| circle diameter
'g 2 E e around a circle L i
Bk g - ) E " . Radial, not on
3 g 3|é|6 Functional 3lé F-.;r:ctlonal 3 Ex;mrﬁz?ve 3 § pltch circle
« g € diameter
. ial i
. e No shape 4| No shape 4 External spline 4 Arl:n:;'loc:_fg: |.:'::ilal
= elements = elements {polygon} P
: @ direction
- L 1e = -
2 E External plane surface Axial and/or radial
5 S|s Thread 5|9 Thread 5 and/or slot, 5 on PCD and/or
E external spline other directions
[=X
2 Fungtional § Functional Internal plane surface
5 6lo groove 615 groove 6 and/or slot 6 Spur gear teeth
_— b —
E Internal spling £
i i Functi Bevel gear teeth
7 5 71 Functional cone 7 unctional cone 7 (polygan) 7 E ge
—1.2 —
" Internal and external E"
8|2 8| Operating thread 8| Operating thread 8 polygon, groove 8|=| Other gear teeth
H and/or slot B
- -
9 9 All others a All others 9 All others 9 All others

Fig.4.6 - Form code (digit 1 through 5) for rotational parts in the Opitz system

4.4.2 The MICLASS System

MICLASS stands for Metal Institute Classification System and was developed by TNO, the Netherlands
Organization of Applied Scientific Research. It was started in Europe about five years before being
introducedin the USin 1974.

The MICLASS system was developed to help automate and standardize some design, production, and
management functions. These include:

Standardization of engineering drawings

Retrieval of drawing accordingto theclassification number
Standardization of process routing

Automated process planning

Selection of partsfor processing on particular groups of machinetools
Machine tool investment analysis

The MICLASS classification number can range from 12-30 digits. The first 12 digits are a universal cod
that canbe applied to any part.

Up to 18 additional digits can be used to code datathat are specific to the particular company or industry.
For example, lot size, piece time, cost data, and operation sequence might be included in the 18
supplementary digits.
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The work part attributes coded in the first 12 digits of the MICLASS number are as follows:

1stdigit Main shape

2"4and 3" digits Shape elements

4t digit Positions of shape elements
5" and 6" digits Main dimensions

7t digit Dimension ratio

8" digit Auxiliary dimension

9t and 10%™ digits Tolerance codes

11t and 12" digits Material codes

One of the unique features of the MICLASS system is that parts can be coded using a computer
interactively. To classify a given part design, the user responds to a series of questions asked by the
computer. The number of questions depends on the complexity of the part.

For a simple part, as few as seven questions are needed to classify the part. For an average part, the
number of questions ranges between 10 and 20. Based on responses to its questions, the computer
assigns a code numberto the part.

4.4.3 The CODE System

The CODE system is a parts classification and coding system developed and marketed by Manufacturing
Data Systems, Inc. (MDSI), of Ann Arbor Michigan.

1C CHART
MAJOR 1 BASIC
DIVISION CONCENTRICS
e \ OTHER THAN PROFILED
s SECOND THIRD FOURTH FIFTH SIXTH SEVENTH EIGHTH
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G | op.or section | cenTer HoLE (other than THREADS MISCELLANEOUS or n-:t':v; ot
3 cente~ hole) across
S EEE
(0] OTHER THAN OTHER THAN OTHER THAN
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5
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T ] e
1
CYLINDER | sinGLe 10 16 | 2 |l 1e0
3 | mutti-convex blind 182 182 182 406 213 6.86
(4) (6) 3l oT (S |
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4 multi-conical thru going other than on face (s)
threaded round
CYLINDER siNGLE 1.0 4.40 | 7.20
5 | muttivariabl blind 184 10 e D ey
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"
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Fig.4.7 - A portion of the CODE system of MDSI
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Its most universal application is in design engineering for retrieval of part design data, but it also has
applicationsin manufacturing process planning, purchasing, tool design, and inventory control.

The CODE number has eight digits. For each digit, there are 16 possible values (zero through 9 and A
through F) that areused to describe the part’'s design and manufacturing characteristics.

The initial digit position indicates the basic geometry of the part and is called the Major Division of the
CODE system. This digit would be used to specify whether the shape was a cylinder, flat piece block, or
other.

The interpretation of theremaining seven digits depends on the value of thefirst digit, but these remaining
digits form a chain-type structure. Hencethe CODE system possesses a hybrid structure.

The second and third digits provide additional information concerning the basic geometry and principal
manufacturing process for the part.

Digits 4, 5, and 6 specify secondary manufacturing processes such as threads, grooves, slots, and so
forth.

Digits 7 and 8 are used to indicate the overall size of the part (e.g., diameter and length for a turned part)
by classifyingit into one of the 16 sizes rangefor each of two dimensions.

Fig.4.7 shows a portion of the definitions for digits 2 through 8, given that the part has initially been
classified as a cylindrical geometry (Major Division 1 for concentric parts other than profiled).

4.5 The Composite Part Concept

Part families are defined by thefact that theirmembers have similar design and manufacturing attributes.
The composite part concept takes this part family definition to its logical conclusion. It conceives of a
hypothetical part that represents all of the design and corres ponding manufacturing attributes possessed

by thevariousindividuals in the family.
-

Composite pert
consisting of all
seven design and
processingeattributes

1.

ez

Six simple parts consisting of one or a
limited nurmber of the seven design and
manufacturing attributes

Fig.4.8 - Composite part concept

Such a hypothetical part is illustrated in Fig.4.8. To produce one of the members of the part family,
operationsare added and deleted correspondingtothe attributes of the particular part design.

For example, the composite partin Fig.4.8 is a rotational part made up of seven separate design and
manufacturing features. Thesefeaturesare listed in Table 4.2.
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A machining cell would be designed to provide all seven machining capabilities. The machine, fixtures,
andtools would be set up for theefficient flow of work- partsthrough thecell.

Table 4.2 - Design and manufacturing attributes of the composite part

Number Design and manufacturing attribute

1 Turning operation for the external cylindrical shape

Facing operation for ends

Turning operation to produce step

External cylindrical grinding to achieve the specified surfacefinish

Drilling operationto create through-hole

Counterbore

N|o| ol ] WO N

Tapping operation to produceinternalthreads

The part with all seven attributes, such as the composite part of Fig.4.8, would go through all seven
processing steps. For part designs without all seven features, unneeded operations would simply be
canceled.

4.6 Benefits of Group Technology

Product design benefits

In the area of production design, improvement and benefits are derived from the use of a parts
classification and coding system, together with a computerized design-retrieval system.

When a new part design is required, the engineer or draftsman can devote a few minutesto figurethe code
of the required part. Then the existing part designs that match the code can be retrieved to see if one of
them will serve the function desired. The few minutes spent searching the design file with the aid of the
coding system may save several hours of the designer’s time.

If the exact part design cannot be found, perhaps a small alteration of the existing design will satisfy the
function. The use of the automated design-retrieval system helps to eliminate design duplication and
proliferation of new parts designs.

Other benefits of GTin design arethat it improves cost estimating procedures and helps to promote design
standardization. Design features such as inside corner radii, chamfer, and tolerances are more likely to
become standardized with GT.

Tooling and Setups

GT also tends to promote standardization of several areas of manufacturing. Two of these areas are
tooling and setups.

In tooling, an effort is made to design group jigs and fixtures that will accommodate every member of a
parts family. Work holding devices are designed to use special adapters which convert the general into
one that can accept each part family member.

The machinetools in a GT cell do not require drastic changeoversin setup because of the similarity in the
work parts processed on them. Hence, setup time is saved, and it becomes more feasible totry to process
partstoachieveabareminimum of setup changeovers. It hasbeen estimated that theuseof GT canresult
in a 69% reductionin setup time.

Prof. Sunil G. Janiyani, Department of Mechanical Engineering

9 :
(’ Darshan  computer Aided Manufacturing (3161917) | 41

Institute of Engineering & Technology Unlt'4 G roup Technology & CAPP



Material Handling

Another advantage in manufacturing is the reduction in the work part move and waiting time. The group
technology machine layouts lend themselves to the efficient flow of material through the shop. The
contrastis sharpest when the flow line cell design is comparedto the conventional process typelayout.

Production and Inventory Control

Several benefits accrue to a company’s production and inventory control function as a consequence of
GT. Production scheduling is simplified with GT. In effect, the grouping of machines into cells reduces the
number of production centers that must be scheduled.

Grouping parts into families reduces the complexity and size of the parts scheduling problem. And for
those work parts that cannot be processed through any of the machine cells, more attention can be
devotedtothecontrol of these parts. Because of thereduced setups and more efficient materials handling
with machine cells, production lead times, work-in-process, and late deliveries’ can be reduced.

Employee Satisfaction

The machine cell often allows parts to be processed from raw material to finished sate by small group
workers. The workers can visualize their contributionsto the firm more clearly. This tends to cultivate an
improved worker attitude and a higher level of job satisfaction,

Another employee-related benefit of GT is that more attention tends to be given to product quality. Work
part quality is more easily traced to a particular machine cell in GT. Consequently, workers are more
responsible forthe quality of work they accomplish. Traceability of part defectsis sometimes very difficult
in a conventional process-typelayout, and quality control suffers as a result.

Process Planning Procedures

The time and cost of the process planning function can be reduced through standardization associated
with group technology. A new part design is identified by its code number as belonging to a certain parts
family, for which into computer softwareto forma computer-automated process planning system.

4.7 The Planning Function

Process planning is concerned with determining the sequence of individual manufacturing operations
needed to produce a given part or product.

Theresulting operation sequenceis documented on a formtypically referred to as aroute sheet. The route
sheet is a listing of the production operation and associated machine tools fora work part or assembly.

Closely related to process planning arethe functions of determining appropriate cutting conditions for the
machining operations and setting thetime standards for the operations.

All three functions—planning the process, determining the cutting conditions, and setting the time
standards—havetraditionally been carried out as tasks with a very high manual and clerical content.

They are also typically routine tasks in which similar or even identical decisions are repeated over and
over. Today, these kinds of decisions arebeing made with the aid of computers.

4.7.1 Traditional Process Planning

There are variationsin the level of detail found in route sheets among different companies and industries.
In the one extreme, process planning is accomplished by releasing the part print to the production shop
withthe instructions "make to drawing".

. Prof. Sunil G. Janiyani, Department of Mechanical Engineering
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Most firms provide a more detailed list of steps describing each operation and identifying each work
center. Inany case, it is traditionally thetask of the manufacturing engineers or industrial engineers in an
organization towritethese process plans for new part designs to be produced by the shop.

The process planning procedure is very much dependent on the experience and judgment of the planner.
Itis the manufacturing engineer's responsibility to determine an optimalrouting for each new part design.
However, individual engineers each havetheir own opinions about what constitutesthebest routing.

Accordingly, there are differences among the operation sequences developed by various planners. We can
illustraterather dramatically these differences through an example.

Inone case, atotal of 42 different routes were developed for various sizes of arelatively simple part called
an "expander sleeve." There were a total of 64 different sizes and styles, each withits part number. The 42
routingsincluded 20 different machine tools in the shop.

The reason for this absence of process standardization was that many different individuals had worked
on the parts: 8 or 9 manufacturing engineers, 2 planners,and 25 NC part programmers.

Upon analysis, it was determined that only two different routings through four machines were needed to
process the 64 part numbers. There are potentially great differences in the perceptions among process
planners as to what constitutesthe "optimal’ method of production.

Besides with problem of variability among planners, there are often difficulties in the conventional process
planning procedure. New machinetools in the factory render old routings less than optimal.

Machinebreakdowns force shop personnel to use temporary routings and these become the documented
routings even afterthe machine is repaired. For these reasons and others, a significant proportion of the
totalnumber of process plansused in manufacturing is not optimal.

4.7.2 Automated Process Planning

Because of the problems encountered with manual process planning, attempts havebeen made in recent
yearsto capturethelogic, judgment, and experiences required for thisimportant function and incorporate
them into computer programs.

Based on the characteristics of a given part, the program automatically generates the manufacturing
operation sequence.

A computer-aided process planning (CAPP) system offers the potential for reducing the routine clerical
work of manufacturing engineers. At the same time, it provides the opportunity to generate production
routingsthat arerational, consistent, and perhaps even optimal.

Two alternativeapproachesto computer-aided process planning havebeen developed. These are:

1. Retrieval-type CAPP systems (also called variant systems)
2. Generative CAPP systems

4.8 Retrieval Type Process Planning Systems

Retrieval-type CAPP systems use parts classification and coding and group technology as a foundation.
Inthis approach, the parts producedintheplant are grouped into part families, distinguished according to
their manufacturing characteristics.

For each part family, a standard process plan is established. The standard process plan is stored in
computer files and thenretrieved for new work parts which belongto that family.
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Some form of parts classification and coding system is required to organize the computer files and to
permit efficient retrieval of the appropriate process plan for a new work part.

For some new parts, editing of the existing process plan may be required. This is done when the
manufacturing requirements of thenew part are slightly different from the standard. The machine routing
may be the same for thenew part, but the specific operationsrequired at each machine may be different.

The complete process plan must document the operations as well as the sequence of machines through
which the part must be routed. Because of the alterations that are made in the retrieved process plan,
these CAPP systems are sometimes also called by the name "variant system.”

-

User enters Part fP"'_:
part code family > amily
number search matrix
file
\_/
| >
?rt::::‘:i",r:: Machine
. 1 routing
routing file
retrieve
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-

Standard QOperation
operation -1 sequence
retrieve/edit file
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Brocese Process
plan plan DRk
formatter programs

Fig.4.9 - Information flow in a retrieval-type computer-aided process planning system

Fig.4.9 will help to explain the procedure used in a retrieval process planning system. The user would
initiate the procedure by entering the part code number at a computerterminal. The CAPP program then
searches the part family matrix file to determine if a match exists.

If the file contains an identical code number, the standard machine routing and operation sequence is
retrieved from therespective computer files to display to the user.

The standard process planis examined by the user to permit any necessary editing of theplan to make it
compatible with the new part design. After editing, the process plan formatter prepares the paper
documentin the proper form.

If an exact match cannot be found between the code numbers in the computer file and the code number
for the new part, the user may search the machine routing file and the operation sequence file for similar
partsthat could be used to develop the plan for the new part.

Oncetheprocess plan for anew part code number hasbeen entered, it becomes the standard process for
future parts of the same classification.

In Fig.4.9, the machine routingfile is distinguished fromthe operation sequence file to emphasize that the

machine routing may apply to a range of different part families and code numbers.
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It would be easier to find a match in the machine routing file than in the operation sequence file. Some
CAPP retrieval sys-tems would use only one such file which would be a combination of operation
sequence file and machine routingfile.

The process plan formatter may use other application programs. These could include programs to
compute machining conditions, work standards, and standard costs. Standard cost programs can be used
to determine total product costs for pric-ing purposes.

Several retrieval-type computer-aided process planning systems have been developed. These include
MIPLAN, one of the MICLASS modules, the CAPP system developed by Computer-Aided manufacturing
International, COMCAPP V by MDSI, and systems by individual companies.

4.9 Generative Process Planning Systems

Generative process planning involves the use of the computer to create individual proce ss plans from
scratch, automatically and without human assistance.

The computer would employ a set of algorithms to progress through the various technical and logical
decisions toward a final plan for manufacturing. Inputs to the system would include a comprehensive
description of thework part.

This may involve the use of some formof a part code number to summarizethework part data, but it does
notinvolve theretrieval of existing standard plans.

Instead, the generative CAPP system synthesizes the design of the optimum process sequence, based on
an analysis of part geometry, material, and other factors which would influence manufacturing decisions.

In the ideal generative process planning package, any part design could be presented to the system for
the creation of the optimal plan.

In practice, current generative-type systems are far from universal in their applicability. They tend to fall
short of a truly generative capability, and they are developed for a somewhat limited range of
manufacturing processes.

4.10 Benefits of CAPP

Whether it is a retrieval system or a generative system, computer-aided process planning offers many
potentialadvantages over manually oriented process planning.

1. Process rationalization: Computer-automated preparation of operation routings is more likely to
be consistent, logical, and optimal than its manual counterpart. The process plans will be
consistent because the same computer softwareis being used by all planners. We avoid the
tendency for drastically different process plans from different planners. The process planstend to
be more logical and optimal because the company has presumably incorporated the experience
and judgment of its best manufacturing peopleinto the process planning computer software.

2. Increased productivity of process planners: With computer-aided process planning, there is
reduced clerical effort, fewer errors are made, and the planners have immediate access to the
process planning database. These benefits translate into the higher productivity of the process
planners. One system was reported to increase productivity by 600% in the process planning
function.

3. Reducedturnaround time: Working with the CAPP system, the process planner can preparearoute
sheet for a new partin less time compared to manual preparation. Thisleadsto an overallreduction
in manufacturing lead time.
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4. Improved legibility: The computer-prepared document is neater and easier to read than manualy
written route sheets. CAPP systems employ standard text, which facilitates interpretation of the
process plan in the factory.

5. Incorporation of other application programs: The process planning system can be designed to
operate in conjunction with other software packages to automate many of the time-consuming
manufacturing supportfunctions.
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