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COMPUTER-AIDED PROCESS PLANNING FOR

SHEET-METAL PART PRODUCTION
ABSTRACT

The trend from mass—-production towards batch-oriented
flexible manufacturing syetems has led to a steady increase 1n
the use. of compute;s in manufacihring , and the integration of
computer-aided design (CAD) and computer—-aided manufacturing
(CAMD systems.into comeuter—integrated manufacturing (CIM)
systems . Process planning,occupying a critical position at the
crossroads of the design and production activities ,bassumes
great importance in such systems

in this study a retfieval—type computer—aided process
plenning system is developed for a multi-plant firm producing -
sheet-metal parts and a databaee estebliehed andvintegrated with
the firm’s existing information system to improve information
flow and-report—generating capabilities.

The'system has been implemented in two of the firm’s filve

plants and results have been encouraging.
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SAC PARGA IMALATI ICIN
BILGISAYAR DESTEKLI OPERASYON PLANLAMA

OZET

Seri Uretim sistemlerinin yerlerini giderek daha kiigiik ﬁartilere
yonelik esnek iiretim sistemlerine birakmasi iiretim sistemlerinde
bilgisayar uygulamalarinin artmasina ve bilgisayar destckli tasa-
rim ve iiretimin birbirine yak1a§arak’bilgisayarlabﬁtﬁhlegik lire-
tim sistemleri olugturmalarina neden olmugtur. Tasarim ve diretim
arasinda bir kdprii vaziyetinde olan operasyon planlama faaliyetle-

ri bu sistemlerde biiyiik dnem kazanir.

Bu calismada birden fazla isletmesi olan bir girketin imal ettipi

sac pargalar igin bir cagirma/diizeltme tipi bilgisayar destekli ope-
rasyon sistemi ve girketin mevcut veri tabanina entegre edilen bir
veri tabani sistemi ile ilgili uygulama ve raporlama programlari ge-
ligtirilerek §irketin biigi akig1 ve operasyon planlama faaliyetleri-

ne kolayllklér getirilmigtir.

Tasarlanan sistem girketin beg igletmesinden ikisinde bagariyla uygu-

lanmaktadir.
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I. INTRODUCTION

¥

During the last three decades , the role‘of computers in the
manufacturing industries has been growing at an ever-increasing
rate . The development of NC machinery , followed by DNC and CNC
systems led in turn to increased need for computer ald in the
design process . Developments in the field of computers , espe-

cially the appearanc on the ﬁarket of mini- and microcomputer -
systems , database and graphics software and netwquing and
communications technology have led towards the inﬂegrétian of
computer—aided design (CAD) and computer—-aided manufacturing(CAM)
into so-called Computer-Integrated Manufacturing (CIM) systems .

Manufacturing systems are generally acknowledged tc be among
-the mo;i comple# and difficult to manage of organizations -

’

especially since they consist of a number of highly interrelated



sarts , .such as NC ﬁachiningd,‘MRP ; product design and praocess
planhing ; The trend from éhe mass—pfbdudtion envirdnment of the
pref1950’s,towafds batch-oriented , flexible systems furtﬁer
aggravateé'management problems

Efficient management of such a complex oréanizational'entity
in today’s changing socic-economic environment requires the
inpegratian of many interreléted functions . This , in turn ,
requires the manipulation of vast amounts of data , rendering
computers the only viable alternative for integrating product
design , production planning and control and production equipment
and processes

In such a system the function of process planning , defined
as "the systematic determination of the methods by which a pro-
duct can be manufactured econoﬁically and competitively" [11 1is
the intermediate stage between‘product design and manufacturing
A process plan basically contains descriptions of the éperations
to be performed in order to manufacture the paft ; their sequence
, the necessary machines and toolihg , standard operation and
setup times and materials(Fig.l) . Thus the importance of follow-

dent

[y

ing an opitilmal process plan is ev
Manual process planning systems , however , do not easily

'lend themselves to CIM applications . Since process planners

generally rely heavily on their own personal experience , differ-

ent process planners tend to develcop differeﬁt prdcess plans for
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parts which are similar or even identical . This leads to a gréat
proliferation of process plans , with a corresponding loss of
standgrdizationv. Groover[2] cites-an’exéMplé whe}e 42 different
prbcéss'ﬁlans were developed for various sizes of a certaln part
, inéluding 20 different machine tools . fhe reason was found to
be that 9 manufégtﬁring enéineers , 2 planners and 25 NC part
programmers had worked on the parts . Analysis qevealed that two
different routings through four machines were sufficient . Dif-
ferent planners may mot be able to communicate ideas effectively
' renderihg utilizgtion of past experience difficult and lead}ng‘
to unnecessary repetition of errors |
Another aspect of manual process planning systems 1s the
amount of paperwork necessary . Studies cited in the literaturel1l

, 31 indicate thét process planners spend up to 30% of their time

just writing out process plans and checking them for errors . The
retrieval problems of manual systems , with lost documents and
long searches through filing cabinets , are alsoc manifest .

The broad information content of process plans also requires

e}
1

the generatlion of large numbers of ports such as machine work-
loads , material and tooling requirements and labour requilrements
for a given production schedule . Preparation of such reports by

hand 1s prohibitively time-consuming and may even result in the

report being out of date by the time it is preppared



Use of computers in process planning permits'the'création'of
a firm-wide database for éhis purposé , from which information
can easily be retrieved and used in thé construction of new
process plans . This results in a firm-wide "knowledge base”
enabling process‘pléhners'to make use'of others’ expérience .
minimizing repetition of errorg_and promoting standardization .
This common databage can be updated as production technology
evolves , thus ensuring that new process plané reflect the latest
avallable technology . Once established , this database forms the
basis for the generation of reports from this data which were
previously prepared by haﬁd*. resuiting in time savings and
increasing the cost-effectiveness of the data

Another extremely ilmportant aspect of computer-aided process
planning (CAPP) systems 1is thaé they act as office automation
systems , automating the cleriﬁal part of‘the process planning
activity and reducing paperwork to a ;inimum . The abillity of the
planner to store complete or ihcomplete process plans for future
editing 1s also of great value when ihe iterative nature. of pro—r
cess planning is taken into account

The saving§ introduced by the 1mplementation of a CAPP

system can be expressed l1n the table below [11:



Table 1. Estimated Savings from CAPP

Area S Saving(%)
Process Planning 58
Direct Labour . - 10
Material ’ 4
Scrap and Rewérk 10
Tooling P
Work in process : 8

A survey by the Committes on the CAD/CAM Interface of th;
National Research Councill4] leads to the conclusions that major
companies have well-structured long—ranée plans for implementing
CIM and that companies will have to adopt this technology 1in
order to remain.competitive in their markets . Thus , parallel to
this development , it 1s safe to predict that>CAPP syétems will |

become important parts of every major manufacturing enterprise in

the near future



1I. LITERATURE SURVEY
/
In the course of attempts to capture the logic , Jjudgement
and experience necessary for process planning and incorpaorate
them into computer progréms to automate the proceés planning
function , two al?ernative approaches , the generative'and the
retrieval or variant approaches , have been develcped . These two
approaches to the design of CAPP systems will be described with
examples from the literature in this chapter
2.1 Retrieval-type CAPP systems
The foundation of retrieval type'CAPP systems 1s parts
classification and codihg and group technology(GT) . The parts to
be manufactured are grouped into part families by virtue of their
manufacturing characteristics . This classification leads to the
members of each part familybhaving similar manufactgfing pro-
- cesses . A standard process plan can also be stored for each part
family . The parts are coded to reflect this classificétlon and

the code serves as a key to enable computer retrieval‘of appro-
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priate process plans for a new part . Somé editing of the ret-
rieved process plan may be necessary , which explains why these
CAPP systéms are also referred to as "variant"béystems\. The
basic étructure of a retrieval-type CAPP system can be seen in
Fig.2 . It should be borne in mind ,'howeve;-, that most.CAPP
systems encountered- in the literature are for metal-cutting
applications , so the part-family maatrix file , which is essen-
tially a group—technological concept , may no£ bebapplicable in
all cases |

The user of a retrieval-type CAPP system would enter a code
containing manufacturing info;mation about the new part to be
manufactured . If an exact match is found , it can be displayed
to the user . Otherwise , the user can be given a list of "simi-
lar" parts , on whose process plans he can base that of the new
part . The process plan formatter can tﬁen be used to generate
the finished document . N

One such system is Computer-Aided Manufacturing-Interna-
t10nal(CAM—I)’s CAPP system . This is a retrieval-type system
basically for metal-cutting operations . The basic flowghart.can
be seen in Fig.3 [4] LvIn this system the Qser enters a similar-
ity code ; which 1s used to search the part family matrix . If a
match 1s found , the data 1s temporaarily stored while'the user
"enters " header data , and then a standard operations sequencé for

the family iss retrieved and edited if necessary . After this

?
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- operation descriptions can be retrieved and edited if necessary
to be particular to the ﬁew‘workpieee . It is interesting to note
that the classificaiion/codlng system used is not speeified by
the CAPP syetem y which provides for thebuse of e code\of maximuﬁ
36 digits provi@ed«py the user
- Another widely-used retrieval-type CAPP system is MIPLAN ,
developed by the Organization for Industrial.Research of Waltham_
, Mass. [1 ,‘3 , 63 . The basic siructure of this system can be
seen 1n Fig.4 . This system , available on various computers such
as DEC PDP-11 and IBM OS or DOS systems , has the added advantage
thet the user can gain substantial benefits without having to
first indulge 1in a vast-amount of classification and coding . The
user can employ this eystem at first as a special-purpose word-
processor and then gradually build up the retrieval system over
timell , 61
The MIPLAN system consists of modular software which gives
the user the followinng options:
1) Creation of a process plan from scratch , using standard
user—defined text files
11)) Retrieval and completion of an incomplete process plan
This option is extremely useful not only for the many interrup-
ﬁions that planners are subjected to , but also for the construc-
- tion ‘of process plens where some information is missing and can

be added later
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111) Retrieval of process plans by part number . The plan can

then be edited 1f the new part 1s different from the exlsting

part
1v) Retrieval of process plans by simllarity code . The user

can do this by meaﬂ% of a complete or partial code , which can be

generated 1interactively using the MICLASS coding module .

After work on the process plan has been completed , the user
can have the computer print out the finished document , store the
completed process plan in the firm’s process plan files , delete

any unwanted plans or store an incomplete process plan to be
completed later .

The sYétem uées four files:the the text file , standard
process file |, productioh process plan file and part-family
matrices fiie . The text file&contains standard text generated by

the user , who 1s also free to determine how 1t will be accessed

)

The standard process plan file contailns standard process plans
established by the user based on the MICLASS codes , which can -
be accessed by all retrieval routines . The production process
plan file contains the plans used reguiarly in the plant . The
paft—family matrix file.ié used in the casé of an exact match of
the code of the new part>not being found . MIPLAN éléo allows the
user to execute user—defined programs and enter the results on
the‘procésé plans .

Schaffer , reporting on the application of MIPLAN at General
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Electric’s Lamp Equipment OperaiiopESJ , gives the savings a-
chieved by thé use of MIPLAN merely to eliminate manual ﬁriting
of process plans»ét 20% , and estimates a further 10-15% to be
gained by the implementation of the retrieval sxstem and modifi-
cation of existingvprocess plans

McNeely and Malstrom(71 give a retrieval-type CAPP system
‘for the production of printed circult boards (PCB) . Their system
, based on a program in BASIC , detérmines theﬂoperation sequen-
ce , necessary .machinery and standard setup and run times from
various basic features of the PCB , and also contains information
such as dacumentatgan revisions and materials . The user ent;rs
numerical codes to specify features of the PCB such as drilling
and plating requirements and requirements'fqr plated contacts
As the possible operation sequences.are known beforehand , the
computer gives the appropriate process:plan . The authors report
reduction of indirect cosfs'to 17% of their.former level and
preparation time for process plahs from four houfs to forty

minutes on average

2.2 Generative-type CAPP Systems
Generative-type‘CAPP systéms use the computer to create
process plans from scratch , without human interférence or use of
an existing process planl2] . The system , given aicpmprehensive
»

description of the workpart including gedmetry and materials ,
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synthesizes the design of the optimum process plan , simulating
ihé logic used %y a human_process planner . |

ft is generally_acknowiedged invthe literature that although
there are several retrieval—type CAPP systems successfully
operating » there is no truly generative system in operation as
yet . Thaose genefét;;é CAFPP éyétems»available to industry still

require a trained prdcess planner and have been developed for a

somevhat restricted range of manufacturing applications . This

may be due to the fact that.detailed information on part geometry
and materials and sophisticated programming to capture the
decision logic invelved 15 required . A considerable effort 1s
being made to develop artificial intelligence systems for CAPP
and it 1s probably safe to say that the main direction of devé-

lopment of generative CAFP systems will be in this direction[191

A great deal of effort has been pgt into .the development ﬁf
generative CAPP systems by the aerospace industry . Boeiﬁg and
LLockheed have both developed their own generativg process plan—
ning systems , demonstrating the feasibility of the conceﬁt .

The Lockheed system , GENPLAN , as described by Groover[21 ,
requifes the user to enter a part classification'che , which it
then uses to analyse the characteristics of the part such as
material , geometry and other manufacturing data to synthesize an

~

optimal process plan . The systen still requires the planner to
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~make manual additions , but process plans previouély designed in
several hours can be déne in around 15 minutes .- |

Thé Boeing generative CAFPP system[Bj , whose:bagic structuré
>‘can be seen in Fig.S., is based on the Boeing classification
structures (the BﬁCC—l classification fér materials and BUéC-S
for piece parts) and tﬁe DCLASS decision handler program deve-
loped at Brigham Young Uniﬁersity . It was designed to give 80%
efficiency on the premise.that generation of proéess plans for
one of a kind parts would not be cost-effective , and was tested
on sheet-metal parts manufactured in channel form . The basic'
components of the system are as follows:

1) Classifigation-logic for paft shape and raw materials
This is used both for retrieving information and as logic input
for the manufécpuring process selection routines

11) Special parameters . This inclﬁdes product characteris-
tics thch are not attributes of shape or raw material , but are
imporiant to the process decisions

111} Manufacturing decision logic elements . This contains the

identification and relation of drawing characteristics to
identify optimal processes within the factory'and is limited onlly
by the processes it considers . It begins Qith;the most general
characteristics and proceeds to the more specific , identifying

operations that drive other operations and proceeding from one

level to the next until the process 1s complete
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1v) Operaiions narrative file . Thisffile‘contains_degailed
descriptions of the manufacturing processes performed in the
‘factory , with room , 1n certain cases , for uservadditions‘.
v) Sequencing logic . This uses the'operation code to

resequence the operations into the proper order_,

v1) Plan preparation . This module basically serves the
purpose of producing the final document in the fopm required by:
the organization

It should be noted that the above are not artificiall intel-
ligence based CAPP:systems . Davies and Darbyshirel91l describe an
expert system , EXCAP , for process planning of rotatioconal
components . This 1s an interactive expert system which consists
of an inference mechaniem and rules on which to base the
decisions . The rules serve the purposes of defining available
machining operations in terms of the features on which they can
be used and the effect they have on the workplece end the>
selection of an operation from among a list off candidatesA. The
inference mechanism then forms a tree of all possible sequenceé
and works backﬁard from the finished.part to find the best path
through the tree according to the rules given
Halevi and Stout[10] report a generative type CAPP system

for cylindrical parts which minimizes production cost or maximi—
zes production . Machine data such as process capabilitf ,

cutting speeds , feeds and size are input , together with infor-
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mation on the component such as raw material hardness dimensions
, tolerances , surface finish and production duantity . The
programs incorporate information oﬁ items ;ike tool wear and_
chatter . The prdgrag then first calcuiates maximum and minimum
values of each pa?ameter and then sé%ects machines énd opiimal
operatioh sequences by constructing avmatrix which 1s used to-
determine a path pa551ng through allvrequired operations while
minimizing the number-of‘machines used . The authors make the
interesting observation that retrieval-type group-technology
based retrieval~type process planning systems do not yield
economic processes

Miaw and Wilson[11] develop an 1nteractive computer program
to ald the designer in selecting appropriate manufacturing
processes and materials combinations . The user enter§ a code ,
which describes characteristics of the, part such as bulk , bétch
size , shape , tolerance , loading mode and structural geométry
and the desired-ériterion of excellence the user wishes to
optimize , such as minimum size for constant strength or minimum
cost fér for constant stpength . The progrém tﬁen uses a suitabi-
lity matrix , a computability matrix and a property matrix to
_generate possible material-process combinations and rank them
accprdiqg to figures of merit biséd on the user-defined criterion

of excellence . This process also brings the design and manufac-

turing phases of production together to design a more
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"producable" product and manufécture it efficiently

Another examplg of the integration of desigp‘and'process
Planning is given in Chang and Wysk[121 . The obﬁect'of their
effort is to integrate a g?aphic CAD system with a generat}ve

CAPP system so that the user , working with a terminal or a

workstation , can obtain both an engineering drawing and a
process plan without any further ¢oding . The authors interface a

CAD system.with a generative CAPP system . AP?AS , designed by
Wysk , capable of planning milling and hole-making operations
The interface 1s given for hole drilling and chamfering .
operations only . |

The CAPP system wvsed by these authors , APPAS |, has the
basic functions of process selection énd process parameter
selection . Process selection selects appropriate machining
processes based on surface geometry and tolerances , using
procegs capabilities defined by variables such as tool size ,
form geometry énd tolerances . Processes are arranged in the
process boundary file according to precedence relationships aand
cost . The CAPP system also includes a cost-estimaﬁing procedure

Hughes and Leonard[131 also give a costiing procgdure for

component productionn

In the integrated system , the user désigns the part at the

CAD workstation and then APPAS uses the design infformation to

generate process plans and machining data . The user 1s also
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Thg development and increa51ﬁg use in
functional NC machining centres has led to

being devoted to.precess planning for such

Ohashil141 give a model for determining the
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as design decision

industry of multi-
considerable attention
machines . Hitomi and

optimal seguence of

. “ N N ) - 0 e P
operations and optimal cutting conditions for a multifunctional

NC machinee with automatic tool and work change . These authors

develop a mathematlical programming model very similar to the

travelling.salesman problem which they solve with a branch-and-

hound procedure to give the optimal sequence and then solve

another , non-linear optimization problem to determine optimal

cuting conditions . The operations to be performed are input by

the user

The MITURN system developed by the TNOC131] is somewhat more

sophisticated . The user inputs the geometry of the starting

material and the finished part . The program then uses a group-

technology type approach to yield the optimal sequence , expected

machine time , tooling and operation instructions and punch an NC

tape of the part program
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IITI. STATEMENT OF PROBLEM

The firm under study is Turkey’s largest manufacturer of

durable household goods , with five plants , each specializing_ in
a different product line . Two of these are in Istanbul , one
producing washing machines , dryers and'dishwashers and the cother

commercial refrigerators and air—conditionErs;two more 1in

‘Eskisehir , one producing compressors and the other refri-
gerators;and another in Izmir producing vacuum cleaners and
‘smaller domestic appliances such as iroﬁs and héir—dryers .

In‘all plants except the one in Izmir , the most important
part of the production process consists of sheet-metal fofming onn
a variéty of machines with varying capacities and capabiliﬁies .
These parts are welded into subgroups and then coﬁbined with

various plastic and aluminium parts , some purchased and some

‘made i1n-house , and purchased sub-assemblies such as electric
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ﬁotors and gearboxes , to form the finished products .

As can be seen from {he firm’s organization chart(FiQ.S) ,
the plants are under the beputy General Manager for Production
and have Fheir own engineering staff . The Central Engineering.
Departments | Quali£§ Enginesring , Design Enginéering ,
Production Engineering and Investment Planning are under the
jurisdiction of the Deputy General Manager for Engineering and
give téchnical support to all the plants in genefal and work on
various projects . Of.these departments , Design Engineering ana
Production Engineering are central to this study , K which was
carried out under the auspices of the central Production
Engineering Department

The Design Engineering Department 1s responsible for the
design of new products , incluéing materials and quality specifi-

cations , and technological upgraading of products to facilitate

3
production and lower costs . Thus , this department releases
bills of materials and technical change notices to the Productien
and other central engineéring departments , which , after
ratifying them or suggesting further revisions(to facilittate
assembly , for example) , forward them to thé Purchasing and
Planning Departments . The engineering staff of the plants are
.aﬁle to introduce technical changes themselves at short’nbtice

but have to have them ratified by the Design Engilneering

Department . The general procedure for technical changes 1s shown
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‘in Fig.7 .

The Froduction Enngineering Department as the name implies

b4

., 1s primarily concerned with the development of efficient manu-

facturing methods . Its chief duties are as. follows:
1) Design énd'production of Sheet;metal , and , to a lesser
extent , plastic dies and the various speclalized machines and

fixtures which'may be necessary for production

;1) Development of process plans for new products and their
update , based on technical changes |, for all plants except those
at Eskisehir

111) ‘Determination of standard process times , assembly line
balancing and determination of labour requirements

1v) Determination of raw material requirements for ne%ly—

designed parts , especially sheet-metal parts

Due to the nature of sheet-metal manufacturing , these
functions are intimately related to each other . The shape of the

part to be produced and the material deteermine the number and
type(progressive , transfer or simple) of dles to be used ; which
, to a large extent , determines the process plan . The.die>
design also determines the amount of scrap , and thus thé
material requirements

Update of the process plans becomes necessary when technical

changes are made by the Design Engineering Department . Due to

the steady diversification of products and marketing requirements
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the volume of such changes i1s continually increasing and thus

i}

consuming an ever—increasing-portion of tﬁe production engineers’
time .

Among the firm’s éurrent computer applications , the main
source of support for’the plants’ technical staff 1is the
Materials Management System(MMS) . This system 1s basically a-
~materials control system based on the open warehouse system where
no documents are required to draw materials from the inventory ,
and performing inventory control , ﬁurchasfng and accouniing
'functions . Its main components are a catalogue of all paris .
materials and products the firm uses or produces and the bill of
materials of each product in the form of a treei. The amount of
materials used in production is calculated from the dally
production figures and the biil of ﬁaterials and subtracted
automatically from the inventory balances on a daily basis .

The validity of the MMS’s infor;ation-clearly depends on 1its
being kept up to daie , incorporating the latest technical
changeé . As mentioned above , technical changes are‘introduced
by the Design Engineering Department and the technical stafféiof
the plants . While those-introduced‘by the Design Engineering
Department are relatively easy to follow , due to problems of
.distance and communication those stemming from the plants are
dlfficulb to keep track of , leading to frequent discrepancies

between the Central Engineering Departments’ information and the
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actual state of the plant

At present the firm produces approximately 2000 parts and

sub—assemblies i1n-house , entailing roughly 12000:operations . As
can easily be seen , the firm has far cutgrown the capability of
the current manual process planning system . Generation of

reports and follow-up of technical changes has become extremely
time-consuuming , and the number of different personnel working
on the process plans has led to a lack of a comﬁon firm-wide
knowledge hasze for pchess planning , with a corresponding lack
of standardization, .
Viewed from the CIM peoint of view , the firm has taken ghe
first step towards realising CIM with the installation of the MMS
This study , constituting a second step towards CIM , will
integrate with the MMS to form a starting point for the construc-
tion of a full-scale engineering'datagase.and lead to consider-
able improvement in engineering performanée . The fact that the
CAPP system designed requifes only'software effort and no
hardware investment was also an important factor in the chéice of
approach
The available database and programming resources rendered a
retrieval-type CAPP system the only feasible alterngtlve , Since

the geometric data required for a generative—-type CAPP system

were not available



IV. DATABASE SYSTEM AND COMPUTER IMPLEMENTATION

4.1 Database system ‘
After the decision to implement a CAPP system had been taken
, the requirements that the database system would have to fulfil
o A _
were 1nvestigated and it_was decided that the database would have
to meet the following requlgements:
1) Efficien; interfacing with the existing MMS database

syst

1]

o
11) Potential for gpﬁwth and development of new systems ,
especially on—line production control ,
111) Efficient generation of reports to save time and increase
thé cost—éffectiveness of the data

1v) Information content equal to that of the current ménual

28
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system , with minimum redundancy

v) Ability to keep track of dies and machinery , both in-

house and at vendors’ premises

v1i) Facilitate information flow between plants and central
engineering departments

As was briefly méﬁtioned in Chapter I , the process plans
basically contain infqrmatiaﬁ on the nature and sequence of the
operations and the tooling , machinery and time needed to manu-
facture the part . Thus , as a first step , a study of the infor-
mation content of éhe manua l system was made 1in order to elimi-
nate redundant 1tems and include new iﬁems as necessary

The generation of }eports from the process planning database
was found to require considerable inforrmation that was avallable
in the MMS . The parts catalogue was used to retrieve part des-
criptions , eliminating the'need for storing these againAfn the
process plannlné system . Where-used data was accessed where
necessafy from the bill of materials , leading to further memory
economies . Data on vendor firms and depreciation were also found
to be availab;e in the MMS

As the firm under study has several different plants and two
‘subsidiary firmé , all of which may be expected to come under the
jurisdiction of the Production Engineerinngepartment in the

future , firm and plant codes were used as Keys in all databases

except the similarity code file .. This has the added advantage of.

-~
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increasing database secuniiy , since the user 1s asked to enter
his firm and ?lant codes and a password , which reéstrict his
access to the information belonging to his plant or firm . Only
firm codes are restrictive in thg similarity file , enabling

planners to view similar parts even if they are produced at

different plants

These factors being taken into account , the decision was
taken to delete several redundant items such as qﬁality control
gauges which were unused and record of all technical changes
except the latest . Where-used information was eliminated from
the process planning system as it was already available in the
MMS . The number of parts per unit of ordered quantity was also
deleted since it 1s not appiicable to coil stock

The system was implemented on the firm’s Burroughs BS5900
mainframe'using Burroughs DMSII database management software .
This database management system defines "data sets"” which can be
accessed via different key sets , called simply "sets” . Thus the
database system as was finally decided upon consists of the
following data sets ,.some of which were already in existence in
the MMS (Fig.8)

| 4.1.1. Parts catalogue
This data set , already existing in the MMS , contains the

description of all parts , products and sub-—assemblies the firm

uses or produces , price , units of order and various other data

«
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on purchasing . The process planning system @ses this set to
retrieve part descriptions . Keys are (firm code , part number) .

4.1.2. Bill of materials

In the MMS , the bill of materials aaata is not stored as a
data sét but as seven indexed sequentiial files , in order to
facilitate on-line inqﬁiries . One of these files contafns the
basic data as a tree structﬁre , the so—called "father—son“ file
, whiech has records of alllparts and assemblies making up another

'part . Each record contains the number of the parent part , the

number of the component and the amount of the component used in

the parent . The other six files are of similar structure and
include "son-father" , i.e. , the reverse of father-son ,
products used(lowest level of tree to top level) and so on . The

process planning system uses this data to determine which
components are used , and how many , in a given part in order to
calculate material requirements andﬂﬁachine workloads
4.1.3 Process plans
. This 1is the central module of the process planning systeem

and , in fact , can stand alone with only the parts catalogue for
the purpose of storing and retrleving process plans . However ,

1ts full potential only begins to be realized when it is linked
‘to the machinery. and dies data sets and the bill of materials .

ft contains , for each part three master records , one of which

contains the raw material number , standard and requirement ,
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flat pattern of ‘the part(if any-this area is not apﬁlicable'for
assemblies) , thé number and date of the latest te;hnical change
and the name of the person who added 1t , the production Centre
the part will go to after the process élan has been compieted and
the other twé any notes the planner may wish to add . Since the
process plans are useé during actual production ,.the notes are,
extremely useful. for drawing‘the workers’ attenéion to possible
problems(e.g. , "remember tq remove the 5mm punéhes from the die
for operation 20")thus saving a great deai of trouble and wasted
production :
For each opefation , the data set coniains the sequence
number of the operatioé , 1ts description , die or fixture used ,
alternative die or fixture , machine used , alternative machine ,

production centre where the opération 1s pérformed , standard

operation and setup times and worker requirements .

With such a broad information content , this data set Has to
be accessed in several different ways . The following sets were
defined:

4.1.3.1 By operation (Keys [firm , plant ', part no. ,
oper.noll

This set 1is used to acceés process plans by part number

4.1.3.2. By machine (keys [firm , plant , machine , pat nol)

This set is used to find the operations performed on a given

machine for the purposes of'calculating machine workload



4.1.3.3 By die (keys.tfirm , plant , die , part no: ,
op.nol) | “
. This set 1is uéed to find the operations performed by each
die or the part it 1s used for . This will be used.with thhe dies

data set to determine which part 1s made where , 1n-house or at a

vendor

4.1.4. Dies

Thiz data set contains information on dies needed by the
4 rd rd ”
technical staff , such as where the die 1Is(in-house or at a
7 ’ 4
vendor’s) , price , maker , depreciation account number  and

theoretic lifetime 1in ﬁumber of hits . It can be accessed by the
following sets:

4.1.4.1 By die (keys Efirm , plant ,‘die number 1)

This 1s used to retrieve the die by number

4.1.4.2 By firm the dfe is used at (keys [firm , where-
usedl) . |

This‘enables the plants to check thch die 1is used‘at which

firm or plant and thus keep better track of depreciation'payments

4.1.5. Machinery
As the process planning activity isbintimately related to

the available machinery , it was necessary to include this data
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set . It contains the code of the machine description , depre- -

ciation account number , the production centre and plant where



the machine is used and its pprice and maker . This data set 1s

accessed by machine code

4.1.6 Firms catalogue

This data set existing in the MMS contains a list of all
vendor firms the firm does business with , and is accessed by

firm code . It can be used with the die data set to keep track of
dies at vendors’ prémlses

4.1.7 Depreciation

This data is ocutside the MMS and part of the accounting

system . It recordg the purchase and remaining depreciatlén of
machinery and equipment . Access is by account number . '

4.1.8 Similarity codes

This data set contains the similarity codes used in the
retrieval-type CAPP system . It can be accesQed by part number or
similarity code‘

4.2 Technical Information Syystem

One of the most important requirements the database system 1is

required to meet is to facilitate inforrmation flow between the

central engineering units and the plants . Since technical
changes may require materials purchases , modifications to
existing dies or the design and manufacture of new dies , there

is a considerable time lag between a technical change being
accepted by the technical staff and its actually going into

production . This leads to discrepancies between the information
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of ‘the central engineering units and the plants’ actﬁal state .
It 1s important ﬁo,note that , however , ‘that after a change has
been accepted by the technical units it has become an integral
part of the product_design , and , as such , ﬁust register in the
technical departmgnbg{ records . It 1is alsd iﬁportant '
especially from the materials point off view , to know the actual
state of the pfoduct‘as it is being produced by the&plant ét the
moment .. The problem can bé solved by storing both sets of data
and updating nthe plants’ state frgm the technical departments’
recors as the changes go into production .

It thus becomes necessary to store both the technical

departments’ information and the current state of the plants

separately , storing a bill of materials and a set of process
plans for each , since keeping‘both sets of data in the same
files will lead to problems of update and security . Hence , the

technical departments will update theit own records as technical
changes are made , and‘the actual state of production will be
updated from these files as the changes go into p;oduction‘.

At present , as the central engineeringldepartments examine
each technical change to see if changes in process plan or die -
design are necessary and to keep track of its implementation ,
,thé daily volume of technical chénges takes up a great deal of

the .engineers’ time . On the other hand , the technical staff of

the plants have more accurate , on the spot information on availl-



37

able machinery and dies . Thus , the suggested database system
would function more effectively if the daily chaﬁgeé were
followed up and entered into the technitél records by the tech-
nical staff of the plants themselves , thus releasing the central
engineering departments for project work and incfeasing the reli-
ability of the data Ly capturing it at 1ts source(Fig.9) . The
various plants can send their data to the mainfréme by means of
tapes or diskette; periodically , to make the information avail-
able ti the central departments , and eventually some form of
networking will render this data transfer easier . :

The programming of the first phase mentioned above ; the the
process plans and machihery data sets and their interfaces with
the MMS was carried out in COBOL . The programs were designed to
run on-line , except for certain report generators , 1n order to
speed up the clerical work and capture daté at its source . All
data entry and update programs have extensive error checks in
order to screen out bad data . In order to make suré that only
éuthorised personnel can make changes , the update and inquiry
programs have been separaied and all programs further protected
by plant and firm codes and passwords

4.3 System Programs |

The backbone of the_system'is the data entry andAupdate
program for the process plans which is in fact a highly

specialized text editor . It uses a window approach i1n which the
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user enters and updates data via a windpw and sees what he has
written , enabling errors to be corrected without going any
further . The program also contains a machinery éheck to ensure
that the machine the user specifies actually exists at that piant
. Tﬁe user 1s guided by a series of ﬁenus and 1f necessary.can
call a help option #hich gives information about program options
and commands . The simil;rity codes are treated as an integral
part of the process plans |, but can be added iater if desired

The program has the follow1ng options:

1) Data entry . Creation of a new process plan from scratch

11) Update . The user can make changes and add or delete-
aperations on existihg process plans

111) Delete . This option deletes the whole of a process plan

1v) Copy . This option enables the usér to copy existing
process plans from one part to another . Thus the user can copy
similar process plans found via the similarity codes ;‘savipg:a
great deal of clerical work . ' ’ . ~

v) Help . This option gi#eé the user information on the
programs options and commands

Another program performs the same func@ions for the
machinery data set but is much simpier in nature

4.4. Reports and Application Programs
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The user can make inquiries about process plans and
machinery via inquiry prdgrams thét permit access to éhe data but
no alterations . The similar parts classification , which forms
the main part of the retrieval—typeICAPP system , 1s uséd viav
another program and;will be more fully treated in the next
chapter . Another on-line program is available to enter and
update descriptions of the various dlgits of the similarity code
, rendering the system extremely amenable to future development

The report-generating applications programs are of critical
importance to the savings potential and the acceptance of the
database system by the company . Reports which were previously
available only after prohibitive amounts of time and effort can
now be generated economically and accurately

One of the most important;reports generated is the raw
materials requirementé report for sheetfmetal parts . Thisvreport
is prepared by thé Production Enginering Deﬁartment and sent to
the Central Purchasiné Department which uses 1t to plén sheet-
metal purchasing policy for the year . This report ., when
prepared manually by finding thé sheet-metal components of eaéh
product ffom the bill of materials , searching manually through
the process plans , making sure that the plan was up to.date and
Aﬁalculating‘the materials requirements by hand took approximately
2 man/weeks to prepare : The accuracy of these figures 1s also

extremely important , since they are used in the bill of
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materials for the automatic stock reductions . The avéilability
of the process plans and the bill of materials eﬁgblés the user
to generate reports from Eoth the téchnical departmets records
(the process pPlans) and the production figures(bill of materials?
in a variety of formats and to eliminate discrepancies by check-
ing the two against each oiher . Two programs generate materials
requirements from the bill of materials files by.préduct and by
material , and two others perform the same function using the
process plans . Another program compares the two sets of figures
"and lists discrepancies . _ ‘ : '

Another extremely useful area 1s opened to use by the
inclusion of the machinery in a database . The parts being
processed on a given machine and the dies used on the machine can
be seen immediately via an on-line inquiry program . Thiss enables
die design to take méchlne workload into account . The user can’
also inquiréAasvto the machinery available.in a given‘plant . Two
aother programs calculate the machine workload of a givep produc-
tion schedule at varying leveis of detail , usiﬁg the machinery
database and the bill of materials in conjunction |

4.4 Femarks on Implementation

The experience gained to date with the implementation on
these programs has proved that they are easy to use , personnel
iotally\lacking in computer background having become quite at

home in a week . This also helps eliminate. errors by having the



'procggs planner do his own entry , thus checking his work #t
-first hand . |

It can,bevseen that the full—gcale implementation of the
system requires a great deal of time and effort . The process
planning system aﬁd:éhe machinery . togéther with their inter-
faces wi;h the MMS , wére selected as the first'stage of ;mpleme—
ntatiop ,>after which the programs were to be adapted to run. on
the smaller computers of the plants . As the dies require a study
of their numbering systém , they were set as the final stage ; At
present the two plants at Istanbul are fully conQerted to the
first stage , process plans , machlnery and MMS interfaces and
results have been encouraging . It shbuld‘be borne in mind that
as the d;esvsubsystem is brougbt into operation and the system
begins tonrun'on the plants’ computers , the benefits of improved
ihterdepartmental communication-and cqft—effective report genera-
tion will continue to increase . Adding to ﬂhis the increased
accuracy of the information and the firm-wide standardization of
procedures it leads to , and the fact that 1t depends solely on
ﬁrogramming and classification and coding , the.da£abase systém
aﬁpears in the light of an extremely cost-effective tool for the

enhancement of manufacturing management .
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V. CODING SYSTEM AND RETRIEVAL-TYPE CAPP SYSTEM

After the decision to bbring a form of computer support to
the process planning activity had been taken ; a survey of the
available information and programming resources was made 1n order
to determine the form this support should ﬁake . The fact that a
generative CAPP system would require sophisticated information
about part geometry and advanced programming techniques which
would take a considerable'period ﬁf time to become usable |, it
was decided to develop and implement a retrieval-type CAPP system
vhich could beéoﬁe operational in a much shorter time and thus
lead to é reasonably quick solution to the problems of the

process ‘planning staff

As a majority of the firm’s components manufactured in-house
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are sheei—metal’pafts it was decided to implemen£ the CAPP system
on the éheet—metal parté éirst .. Thus : as retrieval-type CAPP
systems rely on clagsification and coding , the need arose to
develop a classification and coding scheme for sheet-metal parts

Classifipation and~éoding systems used in industry can be
described as monccodes , where each digit of the code classifies
the next , and polycodes , where the meaning of each digit 1is
independent of the precédiné digits . A detailled de%cription of
classiflcation and coding systems can be found in Hyde[161

In order to develop the necessary coding scheme , a team
wasformed consisting of the author , Dog.Dr.Gunduz Ulusoy , two
df the process planning engiﬁeers and one of the die-design
engineers . This team met twicé weekly for four months in order
to discuss possible schemes and bring to bear the necessary
mechanical englneering and computer b;;kgroﬁﬁd . During these
sessions the common characteristics of sheet-metal parts produced
by the firm were‘discussed and at length , after considerable
effort , a coding system in the form of a 36 digit polycode waé
agred upon and tested on the sheet-metal parts produced in the
Istanbul washing-machine factory . The first_digit contains
'iﬁformation on material , the next seven on shape and the others

on various critical factors which will be discussed 1n detail

later in this chapter



Any manufacturing-orlented code for sheet-metal parts must

necessarily take into account the various die-design aspects of

the parts . For example , i1f a part has two holeé to be pilerced
very close together , 1t may not be possible to pierce them both
on the same die as. the material between may tear . Thus , the

classification system developed takes both partbshape and these
die-design deteérminlng factors , which we will call "critical
factors" since they are critical to die design and thus play a
large role 1in determining the process plan .

The first group of characteristics contains information on
material and part shape . Part shape 1s definedd in terms of the
basic sheet-metal forming oﬁerations , which were taken to be
piercing(including blanking and extrﬁsions) , shearing ,
forming , bending and drawing . Bending was further decomposed
according to whether the bend was on the edge of the part , bent

the part as a whole or involved only a poriion of the part .

‘Material 1s classified by quality , such as stainless steel ,
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deep-drawing steel etc. , and thickness . A detailed description

of the basic forming characteristics as used in the code deve-
loped 1s given below:
5.1 ShapinQVCharactéristics
5.1.1. Piercing
1)~ Simple extrusions

Extrusions where the angle of extrusion is less than 90



and the regularity of the flange is unimportant .
11) Complex extrusions |
Extrusioné with angle of extrusion less than 90’ and
regulariiy of the flange edge 1s required .
111) Round hqleg , Plerced or blanked - |
1v) Holes other than round , pierced’or blanked
5.1.2 Shearing
1) Flat pattern shearing
- Shearing operations where the entire flat pattern of the
part 1s obtained
11) Notching along-edges
111) Notching at corners
The above notching operations are separated because 1t is
possible to combine the latteriwith bending operations on a
single die , but not the former.
5.1.3 Forming
1) Stiffening ribs acraoss bends
11) Form along edge
Shallow forms of depth less than 2t‘aiong an entire edge
111) Forms
Formed shapes with closed contour of depth less than 5t ,
and shapes deeper ihan 5t with one or more edges on the
edge of the part ..

1v) Welding projections
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Round préjections of diameter less than 10 mm for prp;
Jection Qeldfng | “
v) Stiffening rib along bends
5.1.4 Bend&ng on Edges |
| 1) 90’ bend
11) Bends other than 90°
111) U-bend
1v) Z-hend
v) Edge hem
vi) Curling
vii) All others
§.1.5 Bending of entire part
1) 90’ bend
11) Bends other than 90’
111) U—ben&
1v) Circular bend
v) Pipe clips
v15 More than one 80’ bend
vii}) More than one bend other than 907
viil) More thah one U-bend |
1x) All others
5.1.6 Detail bending
1) Lanced tabs with angle 90°

11) Lanced tabs with angle not 90°

47



111}
v

v)
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U-bends in centre of part

_ Z-bends in'centre of part

All others in centre of part

Bending 90’ tab on edger
Bending"téb‘on edge with angle not éO'
U-bending df part of an edge
Z-bending of part of an edge

All others bends on part of an edge

Both centre and edge operations

5.1.7 Drawing A ‘

Shaping the pabt to a depth greater than 5t along a closed

contour 1n one or more operatilons

Obviously , combinations of these basic operations are also

possible

The number of these was reduced by the elimination of

the manifestly impossible , but still required the use of alpha-

betic characters , especially for theubending digits . A detailled

breakdown

of the digits of this part of the code and the various

conventions adopted can be found in the Appendix

5.2 Critical factors

The second group of characteristics is the critical factors

These are generally due to the interaction of the elements

defined in the first eight digits of the code . This interaction

may be of’

the following forms:
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1) The two operations may be superimposed ? for example a

hole pierced on the‘wall.of a drawn part

©11) The two operations may be closer‘to each other than a
certain minimum distance , leading to complications in the die
design . For exaﬁple , 1f a hole 1s too close to an edge 1t 1s
impossible to perform both shearing and pilercing operations on
the same die . These minimum distances are given in the die
deéign literature_as an absolute minim&m for sheeﬁ metal below a
certain thickness and as a function of the material thickness' for
thicker sheet . Thus we have the foilow1ng three types of criti'-

cal factors:
1) Those due to superposition
11) Those due to two operations being closer than the
minimum dlstance
i11) Those due to two operations being closer together
than the minimqm distance for that thickness of sheet
These factors are intimately related w1th.dié design ,
manufacture and press technology and may change with advances of
the said technology . They play an important , sometlimes decisive
‘role 1n detefmining the number of dies needed to produce a part .
Thus , explicit inclusion of both the presence and type of

the critical factors in the code 1s essential to its usefulness .

This will enable the user , vhen faced with a given critical
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factor , to retrileve and examine parts with the same critical
factor to glean methods of solution to his problem from them .
This will also lead to increased utilization of past die design

experlence , reducigg the possibility of repéating costly errors

Another important éﬁvantage due to explicit inclusion of the
critic?l factors 1s that it enables the factor of technological
change to be taken intovaccount ; If at some date 1n the future
new technology enabling holes to be pierced closer together than
possibie today should become available , the user can retrieve
parts having that type of critical factor automatically andl
update them , thus ensuring that the CAPP system always reflects
the latest available ﬁechnology

| The critical factors being in three types , 1t 1's clear that
1in case of two types qccurring on a pgrt simultaneously some form
of ranking is necessary . After discussion with the die engineers
it was decided that superpositfén was the mést dominant , follow-
ed by absolute minimum distance and distancevas a function of
thickness 1n that order

The critical factors , 28 of which are possible , are

defined in digits 9 to 36 of the polycode . Possible criteria for
different operations to cause critical factors“were found from

N

the die design literature and are given in the Appendix .
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5.3 Use of the CAPP System

Based on the code described above , the retrieval-type CAPP

system was developed to enable retrieval of proceés plans .and

their editing . The system was programmed 1n COBOL and integrated .

with the database described in the previous chapterv. A flowchart
of the system 1s given in Fig.10. The main program for this
purpose , called URR11 , ‘enables. the user to regrieve process
plans by part number , to obtain list of similar parts and to

copy a process plan for editing i1f an exact or close match 1s

found
In order to render the search time shorter , material was used as
a key in the similarlty codes data set . Thus , the user has to

specify material but nothing else 1s obligatofy enabling searches
with partial codes to be made . For example , the user can search
for all deep-drawing steel parts with ; given critical factor ,
withput specifying any other particula;s
5.4.1 Options of the CAPP System

5.4.1.1 Creation of a process plan from scratch

This 1s done using the editor for process plans

S.4.1.2 Completion of an incomplete process plan

The process plan is }retrieved by part number using the
system editor and then updated

514;1.3 Retrieval of process plan by part number

This is done via the system editor for purposes of updaté
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or copying

5.4.1.4 Retrieval of process plan via similgflty code
This 1s performed by the program URR11 , which enables the
user .to search for parts with similar process plans , view se-

lected process plans and

, 1f he so desires , copy a suiltable

process plan
5.4.2 Editor of the CAPP System

After the user has retrieved a process plan and worked on

[y

1t , he has the following options;
1) Store a completed process plan !
11) Store an incomplete process plan
111) Delete an undesired process plan
i1v) Print the process plan on a slave printer

v) Use a separate program to print a batch of process plans

53
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VI. CONCLUSIONS AND EXTENSIONS

The CAPP system and database system described above heve
been implemented in two of the firm’s five plants , and reselts
to date have been encouraging_; The time necessary for the pre-
paration of process plans has been considerably reduced , éspe-—
cially 5y the copy facility and the agilfty_to store incomplete
process plans and_update them later . The simllarity code has
been implemented in the Istanbul washing-machine factory and
results have been encouraging

The system has led to a considerable standardization of
information in the Production Engineering Depa;tment . The
process plans now contain standard time data that ﬁas not pre-
viocusly entered due to the fact that time study and process

plenning were done by separate teams . The increased cooperation

has the added advantage of leading to more up to date process
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plans due to feedback from time studies

Comparison of the flowcharts in Figs. 4 and'/® leads to the.
conclusion that the system developed in this stﬁd& has the same
capabilities as MIPLAN,with the exception of thé standard text
files , part family matrix files and &se of user-defined ro;tines
. .The standard £ext could be developed with time , ahd its
function is fulfilled to a-certain extent by the copying option'
which will result i1n stansardization of texts 6ver time . The
part-family matrix is a group-technological concept vwhich 1s not
applicable to sheet-metal manufactufing as studied here as a gie
can only perform operations on one part , rendering grouping of
part famllies to prdceSS on a group of machines irrelevant . The
use of user-defined routines in the CAPP system would require the
investment of a great deal of programming effort , and since the
process plans contain no information that could require the use .
of such modules was not considered worthwhile.

The extensions possible are , first of all , the intro;
duction of the dies into the database after solving the asso-
ciated coding problems aﬁd linking this subsystem to the vendors
files to allow tracking of dies and easier calculation of depre-
ciation . After this ; development. of process plans for plastic
ﬁarﬂé and their inclusion in the classification/coding scheme
would also lead to substantial benefits

Ultimately , it might be possible to develop a full-scale
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generative process planning system , but this would require the

generation of a vast amount of information on part geometry and a

corresﬁonding investment of time and effort to capture the logic

involved . Thus , it would seem that this is_still only a long-

.

‘term possibility «. °
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APPENDIX I

STRUCTURE OF THE SIMILARITY CODE

Digit 1

Digit 2

Materials
Stainiess steel
Coated steel
Deep drawing steel
Standérd quality (t<1.5 mm)

Standard quality (1.5mm < t < 2.5mm)
Standard quality (t>2.5mm)

Piercing oper#éioné

Normal extrusions -

Extrusions with.regula; flange

Round pilercing or blanking

Plercing or blanking other than round
( A+ B)

A+ C)

( A+ D>
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(

(

Flat pattern shearing
Notching at corners

Notching at edges

(

(

(

(

t t
Forming operaations

Stiffening rib across bend

Welding projection

(3 0]

+

A+

c

B

+

+

1+ 2

1 + 3

2 + 3

C

o o o qQ

)

+ D>

‘Sheafing operations

1 + 2 +.3)

Form

Stiffening rib along bend

( A +B )

(

(

A+

A+

" Shallow form along edge
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K- ( B + D)

- (B +E )
M—(C+D)‘

N- (C + E)

0- (.D'* E)

P- All others

Bending operations on edges
A- 90’ Bend |

B- Bends other than 90’
C- U-bend

D- Z-bend

vE— Edge hemmlng

F- All others

G- Curling

H- ( A+ B

I- A+ C)

J- (A + D)
K- ( A + F )
- (B +C)
M- (B + D)
N- (B +F )
0- ( C + D)
P- (C+F)
Q- ( D + F



Curling and edge hemming can only occur by themselves.Here

it'is possible to describe at most two edges of a

part,interpreting the combilnations in this fashion.

Digit

Digit

6

Bending operations of part as a whole

90’ Bend

Bends other than 90’
U—bend‘ |

éi;cular bending (360°)
Pipe clips

More than one 90° bend

-More than one bend other than 90’

More than one U~bend

All others
Detail-bending.operathns

Lanced tab with bend 90°

Lanced iab with bend other than 90’
U-bend 1n centre

Z-bend in centre

All other detall operations in centre
90’ bend on edge |

Bend on e&ge ogther than 607
Ujbend‘dn edge

7-hend on edge

All other detall operations on edges
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Both edge and centre detail opef;tions

Digit 8 Drawing Operatlions

1- Drawing of éntirevpart.in one stage with‘flangé

removal

2- Qraqing of entire part in one stage without flaﬁge

removal

3- Drawing of entire part in more than one stége with

. flange removal
4- Drawing of entire part 1n more than one stage
without flange removal
5- Drawing operatiﬁn on part of the workpieée
66— (‘1 + 5 ) |
’7— ¢ 2 + 5‘)
8- ¢ ‘3,+ 5 ) i
9- ( 4 + 5 )

11. Critical factors *

After discu531§ns with the die engineeré and study of the
die design literature,fivg basic criteria for critical»factors.
emefged which covered all possibilities. The criterla are listed
according to the two operations whésé interaction they resﬁlt
from.The letter "t"'is.used to represent sheet thickness.

1.Piercing—piercing or shearing-shearing

In order not to be critical,these operations'should at

least 1.5t apart and never closer than 3.2mm .
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11. Forming—piercing_
At least 3t apart,never closer than Smm

111. Plercing-shearing
At least é£ apart,and never closer than 3mm.
1v. Behaing 8pe;ations
The miﬂlmumvdistance hetweeﬁ two bending operations should
‘be’at least 5t , with a minimum bending radius of 2.5t
v. Drawing operaﬂions

1) 1 1 ’
The minimum distance between a drawing operation and any

other operation should be at least 15t.

The possible ccrifical factors and the criterion which
applies to them'afe shown in Table 2 ."A criti'cal factor due to
superposition ig iﬁdicéted byﬂl,one due t§ absolute minimumk
‘distance by 2 and‘one due to ghe material thickness criterion by

3 . The encircled numﬁer represents gpéAwhich>of the above five
criteria 1s applicablevto the critical factof‘formed by the
interaction of the éperations_given in the row aﬁd column.The

number 1n the upper right-hand corner is the digit of the

polycode representing that particular critical factor.
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