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ABSTRACT

This thesis is the result of research carried out
in the area of computer aided process planning (CAPP). The
research focused on the use of a micro computer to aid the
process engineer in the development of process plans. The
use of a micro computer was an important consideration
since it allows for a more wide spread use by todays
industries. A procedure to adequately describe the
component in terms of shapes to be removed was developed
which would allow the system to optimize the machine tool
selection procedure. The research focused on the selection
of machines and the genération of cutting parameters to aid
the process engineer by speeding up the arithematic and
heuristic procedures required for the generation of process
Plans. The procedure allows the system to select machines
based on the operations determined by the system, generate
the cutting parameters and rank each alternative for
selection by the process engineer. The alternatives were
ranked according to minimum cost or maximum production
rate. As a result aof this research, it has been determined
that micro-computers can be effectively used to aid the
process engineer in the development of process plans in

smaller machine shop environments.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWL EDGEMENTS

I would like to take this opportunity to thank all
the people who helped with this research. A special thanks
to Dr. Dutta for his guidence and support during the course
of this research. I would like to thank all the other
members of the committee for there help and useful
suggestions during the past two years. Also I would like to
acknowledge the funding provided for this research by the
NSERC grant #9652.

A special note of thanks to Jacquie Mummery and Tom
Williams for there help. Also I would like to thank Doug
Bertram and Alf Handy fdr there input and help on machining

practices which are used in industry.

This thesis is dedicated to my wife Debbie, who for the
past two years gave me the encouragement and support needed

to complete this report.

- wvii -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

ABSTRACT .ccvcccacccansncsnnnssansnanscssnssannaccnnanss vi
ACKNOWLEDGEMENTS ...ccucecececcsansnnannnccscnnnannansas Vii
TABLE OF CONTENTS ..c.ccerccescnnnannsanssnasnsnnscnnnaa Viii
LIST OF FIGURES .....cecnscccccnacancncscnccnnnncananunsnsns X
LIST OF TABLES .ccccccevacnccannccnsnusnncannsancananses xi

LIST DF APPENDICES ® 5 & 9 O 8 @8 8 O NS e A S S USSR S0 S s e aEsaaee Xii

Chapter Page
1-0 Intruduction " W e @ e 6w " 8 e e 0w Y e s 60U PP P e PE e 6D e 1
1.1 Goal of Computer Aided Process Planning ...... : |
1.2 Potential Benefits of CAPP ...cccuncnscnansssns 3
2.0 Goals and Objectives of Research .c..ccuccnceccanancns 5

3-0 Literature SurVEy ® ® & o 0P eSS E S E T AT E0ElER e eYE e

3.1 Machine and Tool Selection ....cccsccnscncaces
3.2 Cutting Parameter Estimation .cececcvceccccesns
3.3 Process Plan Generation .c....ccecveccvsccncnnnns
3.3.1 Type of Process Planning Systems ......

0 3.3.1.1 Variant Approach c.cccecvcsnnnanne 10

Sg90oN N

3.3.1.2 Generative Approach ccccceccnces 11

3.3.2 Expert Systems ccsvcccsnsccnnanscsncans 12

3.4 Comparison of Existing Systems .ccccoveceanceas 14
3.5 Summary of Literature Survey .cccescsccnvcanss 17
4.0 Developing A Framework For System Design .....c... 18
4.1 Micro-Computer Tool Oriented Machine Selection i8

4.2 Processes Considered ...c.ceeasencscccaccncans 21
4-2-1 RQtational CDmpDnents R R I I N N R 21

4.2.2 Prismatic Components ..cccececrvecnncananca 21

4.3 ASSUMPLIiONS .cccscccccceccasencccasnconanunsnos 22

- viii -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5.0 System Design And Validation .c.scecerccaccnncscnas

5.1 Development Of System Modules ..c.cccncncancen
S9.1.1 Machine Data FilP cccucnncnnssnscnnnnas
S.1.1.1 Machine Characteristics ccacscus

S.1.1.2 Process Characteristics ccececaa

5.1.1.3 Tool Characteristics ..ccccevenes
S5.1.2 Component Description ...c.cceccecenans
5.1.2.1 General Information .....vescecas
S.1.2.2 Rotational Part Description ....
S.1.2.3 Prismatic Part Description .....
Selection of Alternative Processes ....
Selection of Machine Tool ...cccccncnsnas
Maximization of Alteratives ...vuceccea
Machine Tool Sequencing ccseccsccsnacces
Consolidation Of Alternatives .cccceeeces
Determine Machine Charateristics ......
Cost Estimation ..cccacencercnasssennna
S5.1.92.1 Machine Time Per Piece ..cvveeswe
S5.1.2.2 Total Time ..... sceswenssacseanaa
5.1.92.3 Cast of Each Operation .cccccens
e1.9.3.1 Total Labour Cost ...cccese
«e1.2.3.2 Taotal Machine Cost ...vcc.a
5.1.92.3.3 Handling Cost ..cccccanccanne

5.1.10 Total CosSt cceennnenccnvnsnnnasanansns

5.2 System Optimization ....ccvceccccncnencnncnnnss
S5.2.1 Optimization of ALT1 System ..ccceccnne
5.2.2 Optimization of ALT2 System ....ccccc..

5.3 System Output cccceeccincccntcnasnscanenencnas
5.3.1 ALT1 System Output ....cccsccossccsnsee
5.3.2 ALT2 System Output .c.cccecvccccncnnncnas

5.4 Comparison of ALT1 AND ALTZ2 ..ccccscccnaascnas

QaAOND>ULU

UIUIUIE.HUIUIUI
Pt bbb b b e

S
S

6-0 Concluding REmaI”kS CIC I B B B R RN R I R B R A B R R R B R R N IR R R R

6'1 Discussion - ® & P U 9 S5 M eSS S E S DS SO E S S PSS PE S P eSS aeaa
6.2 Scope for Further Work ...ccccecsccccnnnancnaan

RE"EI"E“CES - ® 8 B PSS S0 P E P E PSS S S eSS OSSN

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

25

30
33
37
37
39
41
42
46
49
51
95
S8
61
&3
65
70
70
71
72
72
73
74
74
75
76
79
82
83
84
92

94

?4

7

99



LIST OF FIGURES

Fiqure Page

3.1 Comparison of Variant and Generative Approach .... 13
4.1 Illustration of ASSUMptions .c.ccccscscaccncccnnaeas 23
S.1 System Flow Diagram Initial System ..ccccccccececes 26
S5.2 G8System Flow Diagram Alternative System ........... 27
5.3 Main Menu Listing .scccecccnsvenvunnssccnsocasnsveaa 29
9.4 Branching From Menu to Programs c.ccececccccsccsnnces 31
S.5 Break-up of Single Machine Database ..c..cvsecvsee 35
9.6 Illustration of Steps and Tapers ..ccececssassse=e 48
9.7 Illustration of Prismatic Features ....c.ccuveesaeses 50O
3.8 1Illustration of Alternative Features ......ccnv... S3
9.9 Determination of Speed and Feed Values ...ccenesaa &7

S5.10 Calculation of Time Based aon Amount of Material .. &9

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF TABLES

Table Page

3.1 Survey of Computer Aided Process Planning Systems . 16
4.1 Listing of Shapes to Describe Features ......cc.c.. 19
9.1 Codes to be Inputted in Machine FilesS cecveicnvannae. 38
5.2 Yes/No Questions for Rotational Components ........ 44
9.3 Yes/no Questions for Prismatic Components ...ccecee 495
9.4 Decision Table for Process Selection ..ccccacececeaes Db
5.5 Sample Output for ALT1 ...ccceccccescaccanannssanee 83

5.6 Sample Dutput .for ALT2 ® ® ® & 0P O 96 S90S e e O e eSS AN G S e w e OES 89

_xi_

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF APPENDICES

Appendi x Page
A. Users BUide ...cccvcussnonscncnscansunsasnvsancnsncnea 107
B. Flow Chart and Listing of Machine Program ..cceceecea. 122
C. Description of Rotational Components c.ccccececcncas 129
D. Description of Prismatic Components ...ccececcecnces. 135
E. Examples of the Output For ALT] .....cccccecccacncecas 140
F. Examples of the Output For ALT2 ..ccccanccncnvecneces 147
G. Flowchart of the TwO SysStems ..c.cvcscncssccsascnnsas 160
H. Listing of the Progréms P 4]

-
.

Description of Input to Machine Records c.c.cceccuaa. 270

- xii -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.0 INTRODUCTION

The selection of machine tools can no longer be left to
the judgement of individuals. Markets taoday have forced
industry to streamline production techniques to reduce
costs in all areas of manufacturing. This need to reduce
costs has resulted in the use of computers to aid in the
selection of optimal machine tools for the purpose of
process plan generation.

Process planning is the determination of the sequence
of cutting tools and the cutting parameters to manufacture
a particular compaonent. Computerized process planning will
form the link between cdmputer aided design and caomputer |
aided manufacturing systems. This thesis discusses a
computer based approach that can be used to aid the in this
function by selecting suitable machine tools and generating

the cutting parameters.

1.1 Goals of Computer Aided Process Planning (CAPP)

In recent years, with the advancements which have been
made in manufacturing technology, there has been an
increased need to utilize machines to their fullest

potential. It has become necessary to ensure that naot only
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is the proper machine selected for a job, but that the
machining parameters are selected such that the part
characteristics are achieved at a minimum cost. A problem
that has been brought about by more sophisticated machines
is that often the individuals developing the plans do not
have the experience required to allow them to develop
process plans for the new style of modern machines. Younger
machinist may never achieve this same level of experience,
since the new machines do not require the same level of
machining skill to operate as the older manual machines
once required.

Today, the task of machine selection is often performed
manually by a machinist who selects, in his Jjudgement, the
best choice of machine tools available in the shop. The
machinist then attempts to determine the optimal machining
parameters for the'job based on his judgement and past
experiences. It has been reported that in most cases the
machinist will choose the machine which he is most familiar
with (2), which may not be the best alternative available.
The ideal solution would be to consider all possible tool
combinations available in the shaop, and determine the most
cost effective plan for the part to be manufactured. Until
all combinations of tools can be explaored the development
of optimal process plans is very unlikely to occur.

A computer based system can be a useful aid to the

Process planner by considering the potential alternatives
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for manufacturing in order to ensure the best possible
process plan can be generated. For small firms, a
micro-computer may be all that is required to aid in this
function, since the number of alternative machines would be
considerably less than in larger firms. The use of a
micro-computer could be advantageous for smaller industries
since they are less expensive and well within their
financial capabilities. Moreover memory requirements need
not inhibit their use, since the alternative machines
available would normally be less when compared to larger

industries.

1.2 Potential Benefits of A CAPP _System

e LB S

Benefits other than the selection of machine-tools
which are brought about by computer aided proééss planning
include;

i1. The ability to produce plans ma;e rapidly. The
Use of a computer allows more rapid generation of process
Plans. Plans that may have taken days to develop may only
take hours with the aid of a computer. As a result there
Would be a savings in the cost of generating the plans.

2. Reduction in caost by increasing productivity.

By selecting the proper machines and the machining

Parameters to manufacture the part a higher level of
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praductivity can be achieved since the machines are
utilized to their highest potential.

3. Faster implementation of new technologies. By
allowing the computer to select machines the installation
of new machines will be incorporated into the system
immediately and not require the complete learning of the
machine’s capabilities by the operator.

4. Lower level of machine knowledge. Since the
computer is responsible for the selection of machine tools
the oper;tor does not require complete knowledge of all
machining methods available. Therefore, the higher paid
machinist are not requifed to operate the system and can be

used in more important functions on the shop floor.

These and other potential benefits will result in more
wide spread use of computers to aid in the generation of
Process plans. Computer aided process planning systems will
be incorpaorated in industries both large and small. With
this increased demand, there is a need to develop a micro
computer based system which can be used to aid in the

development of process plans.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2.0 GOALS AND OBJECTIVES OF RESEARCH

The goal of the research was to determine if a
generative process planning system could be developed in a
manner requiring the use of only a micro—computer; if such
a system were possible, develop a methodology to allow for
optimal process plan generation within a reasonable time
period. A computer with 512K of operating memory and with a
hard disk capability of 2 megabytes was selected for the
study, since this would conform to standard micro computer
systems normally used by small industry.

Based on studies and tests of the system it was
decided that the optimal generation of process plans could
be left to the operaturyof the system, the operator then
uses the computer as an aid in the selection of tools and
to provide the recommended cutting parameters. The final
selection and sequencing of machine tools would be left to
the operator of the system.

The thesis proposes two.separate methaodologies to
develop “"optimum" process plans based on component
description and capabilities of existing machines on the

shop floor as follows:

i. Allow for optimal generation of process

plans using a micro—-computer.
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2. Use a micro—-computer to aid in the
selection of appropriate machine tools

and cutting parameters.
The two systems have been developed and compared based

on various parameter characteristics and operating

conditions.
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3.0 LITERATURE SURVEY

Several papers were reviewed covering many different
topics related to tool selection, process plan generation
as well as papers dealing with machining processes. The
wide variety of topics reviewed indicate the difficulty in
developing a tool selection procedure especially using only
4 micro-computer. Many papers dealt with specific areas in
the field, with none providing a procedure which can be
applied to a micro-based system. The papers were grouped

into different categories as listed belows;

1. Machine and Tool selection.
2. Cutting Parameter Estimation
3. Process planning Systems

a. Variant

b. Generative

c. Expert

3.1 Machine and Tool Selection

A few papers dealt with procedures which can be
followed in the selection of machine-tools (2,8,18,19,22).
The selection of appropriate machine tools is one aof the
Most vital steps in the process planning function. It is
lmportant to relate the machine tool capabilities to thase

"equired by the component to be manufactured, and also to
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determine if simultaneous machining of the component is
possible by having more than a single cutting tool in
contact with the companent at any point in time. The
selection usually involves an estimate of the machining
cost for a particular machining operation specified by the
operator. The specification of the machining operation
however, assumes that the machining operation is knawn. For
a truly generative system the machining process required
should be generated by the system. This would allow for
different alternative operation combinations resulting in

the same finished part.

3.2 Cutting Parameter Estimation

Once the machine has been selected for a particular
operation a number of cutting parameters must he determined
to ensure that the specifications of the cowponent are met.
These parameters will include machine speeds, taol feeds,
®tc. In all the papers some form of an assumption is made
to simplify the determination of the cutting parameters. In
Some cases only a single pass was made, or the feed rate
Was fixed. Based on these assumptions, the remaining
Parameters were calculated using the tool life equations.
Several papers dealt with the generation of cutting

Parameters, these include (3,4,5,6,%,13,14,156,24,25).
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3.3 Process Plan Generation

Several papers dealing with process plan generation
were reviewed. Process planning invaolves both aof the
Previous steps of machine—-tool selection and cutting
pParameter estimation as well as the sequencing of machines
to perform the required operation. The overall plan should
result in the generation of a process plan that meets the

requirements of the part at the Iowest cost.

3.3.1 Types of Process Planning Systems

The traditional approach to process planning has been
the manual manipulation of information by a skilled
Mmachinist to develop a process plan based on an engineering
drawing. This approach is quickly being replaced in many
industries by computerized approaches £o the praoblenm.

There are two computer based approaches;

1. Variant

2. Generative

Each of these approaches is unique in terms of their method
©f process plan generation. Each will be described in
detail as to how they are used to generate or aid in the

generation of process plans.
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3.3.1.1 Variant Approach

A few of the papers dealt with the variant approach of
process plan generation. The list of papers include (11,
19,23). In these papers the main objective was to determine
an appropriate coding scheme to be used to store and
retrieve existiﬁg process plans from storage. The
adjustments to machine selection, sequencing, and cutting
parameters due to differences in the components was not

discussed in detail and was often left to the individual

operator of the system.

The Variant approacﬁ involves the codification of the
component based on predetermined component characteristics.
Common coding systems include the Opitz and Miclass coding
methods (19). Based on the code devloped by the above
methods, an exiséing process plan is retrieved from storage
and manual alterations are made to the plan to allow the
Component to be manufactured to the new specifications.
This procedure requires the manual manipulation of the plan
which could be subject to error or prejudices based on the
Operator’s experience. It is the potential error and
Prejudices which have to be eliminated in order to ensure
the generation of optimal process plans. The Generative

approach brings us closer to truly independent and

NoNn-prejudicial development of a process plan.
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3.3.1.2 Generative Approach

Here also, several papers dealt with the components
which go into the development of a Generative process
pPlanning system. These papers included (9,10,15,19,21,23).
The difficulty with these papers seemed to be the
inflexibility of the designed systems and the size of
computer which was often required to run the system. The
papers dealt with systems which were often designed to suit
the needs of one particular user. Often the design toaok
many man years to develop and required a large computer
system to operate. None of the papers dealt with a
universal system which could be applicable to a wide number
of users through its implementation on a micro-computer.

The Generative approach involves generating new process
plans from the beginning each time a part is to be
manufactured. The system not only considers the part
features and specifications, but also the number of
components which are to be manufactured, as well as the
current machines available. In Generative process planning
the component must be uniquely defined by the operator to
the system in terms of features to be removed, the
tolerance and the surface finish of each feature. This
entirely new plan generation allows the system to consider
every possible machine tool combination each time to ensure

that an optimal plan is generated. This approach requires a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



camplete description of all machines and tools to be kept
in a machine database. This database is used to compare the
requirements aof the component with the tools available and

their capabilities.

3.3.2 Expert System

Expert systems have been designed for both the Variant
and Generative approaches to process planning. The recent
trend towards an intelligent system has prompted much
research in this area, but, it is still in its infancy.
Through the development of more powerful computers and new
programming languages such as Prolog, these system may
eventually be used to develop complete process plans with
very little interaction by the operator. A few papers were
found which did describe systems which utilize this new

found knowledge. These include (7,10,15,17).

A comparison of the Variant and Generative approaches
is illustrated in Figure 3.1. Under the Variant approach
the operator of the system must carry out what is called a
"modifying” operation. The operator must take the existing'
process plan and modify it to suit the characteristics of
the current praoblem. It is in this modification phase that

the prejudices of the operator may affect his selection of
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alternative choices. The generative approach requires no
modification to the process plan, but the complexity of the
problem is greatly increased due to the enormous number of
calculations required and the number of comparisons to be
made between the machine capabilities and the component

requirements.

3.4 Comparison Of Existing Process_Planning Systems

There have been numerous attempts to develop computer
aided process planning systems with several successes in
both the Variant and Generative approaches. A third
approach which is receiving considerable attention is the
Expert system of process planning. Each of the first two
have been developed in maost cases by industry to suit the
particular needs of a given company. The Expert systems
which are being developed are designed to be applicable to
more then a single user. The Expert systems have the
capability of learning from their past decisions, so that
mistakes in the past will not occur in the future. These
systems are capable of making decisions in a similar manner
to the human decision process and therefore are capable of.
learning as the system is utilized. The Expert system is
not a new method of process or tool selection, but, is a

new approach in system design using advanced computer
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languages such as Pralog and Lisp.

Table 3.1 contains a listing of systems which have been
developed ar are currently in the process of being
developed by industry or in research facilities. Each
system has been broken down to allow faor comparison based
on certain definitions such as; system name, type (variant,
generative,expert), component type and reference papers
where information on the various systems can be found. None
of the current systems reviewed have been developed to
specifically run on a micro computer, and a great number of
these systems have been developed with a particular user in
mind.

An indepth review of these systems has indicated a
diversity of approaches to the problem of generating
process plans. However, the goal of each system is to
develop a cast effective plan for the user of the system.
Using cost effectiveness as a basis, the system to be used
in industry should also be affordable for the user in terms
of the initial capital investment. In many of the cases
shown in Table 3.1 the system could not be used by a
smaller industry, or any other user since it was designed
for the particular needs of a specific company. For this
reason it is necessary to develop a method to aid in the
process planning function which can be used by a number of

different companies and which can be run on a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SYSTEMS IN INDUSTRY

SYSTEM NAME TYPE
APLAN N/A
AUTAP N/A
CADSY N/A

DREKAL N/A
SISPA N/A
DISAP GENERATIVE
EXCAP EXPERT/GENER
COATS EXPERT

ACAPS SEMI-GENERATIVE

XPLANE EXPERT/GENER

CUTTECH OP. PLANNING
ICAPP VAR/GEN
ROUND GENERATIVE
XPS-E EXPERT
MIPLAN VARIANT
CAPP VARIANT
APPAS GENERATIVE
GENPLAN GENERATIVE
CMPP GENERATIVE
GARI N/A
XPS5—1 EXPERT
CAPSY N/A
MITURN N/A

AUTOPLAN N/A
SIB N/A

ROT/PRIS.

ROT
ROT
ROT
ROT
ROT
PRIS
N/A
ROT
N/A

ROT/NRIS

N/A
PRIS
ROT

ROT/PRIS

N/A
N/A
PRIS

ASSEMBLY

ROT
N/A
N/A
ROT
ROT
RAOT
SHEET

The Above Is A List Of

Systems Which Can Be Found

In Industry 0Or Research

Institutions

Table 3.1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

REFERENCE

15
15,23
15,23
15

15
15,23
15

12
9,19
10

2

11

21

17
19,23
19,23
19

19

19

23

7

11

11

11

23



- 17 -

micro—computer. This report focuses on the specific
approach to develop optimum process plans using process
characteristics based on existing machining capabilities,
and to do so solely within the limitations of a standard

micro—computer system.

3.9 Summary of Literature Survey

From the review of these papers it was decided that a
micro-computer based system can have a large number of
benefits to a great many users, provided the system can be
designed for more then one user. Through a review of
various papers (14,146,24,25) it was decided that the use of
“"tool life equation" techniques for cutting parameter
estimation would not be used due to the limited
applications and the size of optimization procedure which
results when solving far the process parameters using tool
life equations. Instead, standard cutting equations and
heuristics can be applied to determine the individual
parameters and still be able to provide near optimal
solutions.

Various papers will be referred to throughout this
report as the information from these papers is related to

the development of the micro-computer based system.
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4.0 DEVELOPING_A FRAMEWORK FOR SYSTEM DESIGN

The remainder of this thesis will develop a passible
design for a micro-computer based machine selection
procedure. Before the details of the system can be
developed, it is necessary to propose a framework within
which the system will operate.

Under no circumstances can any model be developed to
consider all possible situations. There are limitations to
all systems no matter how cpmplete they may be. To develop
a micro computer based system it was necessary to restrict
the size of the problem. Therefore, it was necessary to
restrict the number of processes considered, and the type
of components which can be handled by the system. The
system which will be described in the subsequent chapters
uses the tool oriented approach of matching the features to
be removed with the tool capabilities of different

machines.

4.1 Micro Computer Tool Oriented Machine Selection

The model is able to select machine tools based on the
description of the component in terms of identifiable
features by the system. The system is currently restricted
to known features which are listed in Table 4.1. A detailed

description of the classification system for component

- 18 -
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LIST OF SHAPES WHICH ARE

INCLUDED IN THE SYSTEM

Prismatic shapes; —-Rectangles
—Triangles
~Trapezoid
~Rhomboid
—Internal Keyway

-External Keyway

Rotational shapes; -External cylinder
—Internal cylinder
—Portion of a cylinder

—Tapered surfaces.

The Above List Of Features Are The
Only Features Which Are Recognized

By the System

Table 4.1.
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identification is given in section 5.1.2. The number of
features can be expanded to include others, but, for the
initial problem the features in Table 4.1 were considered
sufficient for fairly complex components. The system was
written in "Better Basic" which allowed the computer to use
all the available memory in the computer. The system was
designed to be run on a IBM AT with a memaory of 512K with
hard disk capabilities on which the machine tool records
were stored for faster retrieval. The system output was
printed using a 132 column Epson printer.

It is important to note that the program was written
for interactive use. The system has been designed to be as
user friendly as possible in order that it accommodate non
expert operators on the shop floor. In Appendix A a users
guide is provided to aid the user with any difficulties
which may occur. There should be little trouble in allowing
the system to be operated by an individual who has little
knowledge of computers or the machine selection function.

The initial system considers a limited number of
processes for rotational and prismatic components. Al though
the number of processes is limited, the complexity of the
component can be such that the optimal selection of the
machine tools by manual methods would prove to be very time

consuming.
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4.2 Processes Considered

The processes were divided among the two types of parts

considered (rotational/prismatic). The machine files were

designed to group the processes

size of the files, and speed up

separately to reduce the

the machine selection

function. The grouping procedure is described in section

O.1.2.

4.2.1 Rotational components

Processes included are;

4.,2.2 Prismatic Components

—-Ext. Turning

-Ext. Grinding

—Int. Drilling

—-Boring

-Int. Grinding

~Ext. Drilling, Reaming
-Ext/Int Keyways

Processes included are:—-End milling

—Peripheral milling
-Face milling

~-Ext. surface Grinding
~-Drilling, Reaming
-~Boring

-Int. Grinding

As can be seen by the above list, fairly complex

parts can be created since the number and type of processes

considered is capable of creating a large number of varied

features.
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4.3 Assumptions

There were a number of assumptions made throughout the
research faor purposes of model development. These
assumptions were necessary to allow the system to be
operated on a micro-computer and provide selections in a
reasonable amount of CPU time. The assumptions made are
listed below with a brief description of each:

1. Only consider rotational internal features for
both rotational and prismatic components. (exclude sharp
corners as found in pockets.) [Figure 4.1a.] By making
this assumption the type of operations were restricted.
This assumption however, does not restrict the use of
internal keyways.

2. All features must run parallel to one of the
major axis af the component. (exclude angular cuts) [Figure
4.1b.1 This assumption restricts simultaneous movement in
two different directions by the tool.

3. Only consider one representation of shapes:
those provided by the user of the system. Do not consider
other shapes which can be derived from combinations of
shapes [Figure 4.1c.] The same features can be created by
combining other shapes. To restrict considering different
combinations of features only the one provided by the

operator is used.
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4. There are no special tools such as form tools.
Special form tools can create a number of defined features
simultaneausly. The system is restricted to creating a
single feature with a tool.

S. All tools are either HSS or Carbide. The metal
removal rate of these tools will be considered to be
constant (no allowance for tool wear). In estimating the
tool costs of machining, the tool will operate as if it

were a new tool.

6. Only one tool can be in contact with the
component at any one time. There can be no simultaneous
machining operations.

The remaining assumptions will be outlined as

used throughout this thesis.
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S.0 SYSTEM DESIGN AND_ DEVELDOPMENT

This chapter discusses the specific sections (maodules)
for the machine tool selection procedure. The first step in
the development of a machine selection procedure is the
transformation of component features into alternative
processing methods. Once this relationship has been
established available machining capabilities are examined
to correlate the alternative processes to the machine tools
available on the shop floor. The last step is to use a cost
Justification approach to derive a combination of machine
tools to generate various combinations of components. A
unique feature of this approach has been the incarporation
of batch sizing of the components into the cost
Justification system.

Figures 5.1 and 5.2 contain a flow diagram of the two
approaches taken to aid in the generation of process plans.
For the remainder of this report the two approaches will be
called ALT1 and ALT2 respecgively. The difference between
the two systems is that in ALT1 a sequencing of operations
is carried out to determine the optimal sequence of machine
tools, whereas ALT2 does not sequence the operations, but
leaves the sequencing to the operator of the system. In
both cases the procedure ranks the alternative outputs

based on minimum cost, ALT2 also ranks the output by
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FLOW CHART FOR ALT1 PROGRAM

INPUT COMPONENT
DESCRIPTION
SELECTION OF DECISION
OPERATIONS - TABLES
SELECTION OF MACHINE/TOOL
MACHINE TOOLS FILES
ALTERNATIVE
REDUCTION
OPERATION DECISION

SEQUENCING [ TABLES

}

DETERMINATION OF | MACHINE/TOOL

MACHINING DATA FILE

r
MACHINE/TOOL - TIME AND COST "] DECISION
FILE CALCULATION PE— TABLES

y

SELECTION OF
OPTIMAL PROCESS
PLAN

PRINTING OF
PROCESS PLAN

FIGURE 5.1
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maximum production rate.

Figure 5.1 lists the modules developed to include the
sequencing aof the operations to determine the overall
optimal process plan for ALT1. For ALT2 as shown in Figure
5.2 there is no sequencing of operations; instead the
system generates and ranks the alternative machine tools
for each required operation. The ranking is based on either
minimum cost or maximum production rate. Each module in
Figures S.1 and 5.2 will be described as to its contents
and the function it performs in the program. Several of the
modules of Figures S.1 and 5.2 are identical in design and
function; in these instances only a single description will
be provided. However, when differences between the two
procedures exist, the module will be discussed separately.

Unlike some systems which require the user to input
informatipn using a card deck or in the form of a data
file, this system is designed to be user interactive. The
system prompts the operator to describe the part in terms
of the raw dimensions and features to be machined.

Upon start up of the system, the user has a number of
alternative choices in the form of a menu from which to

- choose. Upon selection of an operation to be performed the
system will transfer to the appropriate program and begin
execution. The main menu of the system is shown in Figure

S.3. The purpose of this menu is to send control to the
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desired program which the operator selected. By selecting
the program to be loaded, the amount of memory required to
store the program is reduced thus making memory available
for other applications in the system. A micro—computer
based system requires effective use of available memory in
order to handle the complicated analysis and the storage
capacity required to develop a process planning system.
Figure 5.4 illustrates the procedure of branching to
different programs by the system in order to "free up"
available memory by not having all the programs loaded
simultaneously.

The modular design and branching techniques were
followed throughout the development of the system. In
subsequent sections, the breakup of the machine files and
the component description into modules were necessary to

make the entire system more efficient.

5.1 Development of System Modules

As shown in Figures 5.1 and 5.2 the task of process
planning can be divided into several modules as listed
belows;

i. Machine description
2. Component description

3. Selection of operations
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4. Selection of machine tools

S. Operation sequencing

6. Grouping of operations

7. Determination of machining characteristics
8. Time and cost calculations

9. Selection aof best process plan

10. Printing of process sheet.

Based on these modules, it is feasible that an optimal
process plan can be generated as outlined in Figure S5.1. It
will be shown however, that the generation of the optimal
process plan may not provide the most useful information to
the operator. The generation and ranking of alternatives
for each required operation would provide more information
to the operator of the system. The system would allow the
operator.to select which machine to use for an operation
from the machines which are currently available. In the
case of a rush job, where the machine in the optimal
process plan may not be available, the operator can select
an alternative machine. Also, there will be increased
flexibility in scheduling, by avoiding the over scheduling
of a particular machine based on set optimal process plaﬁs
as determined by ALT1.

Before the program can run, a complete description of

the available machines must first be stored as an
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accessible database. Therefore, before describing the
machine tool selection procedure the logical order would be
to develop the machine tool database since this serves as
the cornerstone for deriving the procedure for process

planning.

S.1.1 Machine Data File

Before machine tool selection can take place, a
complete listing of machines and tools must exist in a
database. The database must contain the specific
information on the available machines and tools in the shop
to allow for the selection of not only the machines, but
also the generation of cutting parameters for each of the
required operations.

For a micro—-computer based system, the procedure of
machine selection and cutting parameter generation requires
the same information as larger systems. However, for a
micro—computer based system the aorganization of the
information must allow for more rapid searching and
selection of machines and calculation of cutting
parameters. The machine database developed allows the
operator of the system to input specific machine
characteristics which the system will utilize in its

selection of the appropriate machine tool and cutting

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



parameters. For large computer systems, a singlé database
may be developed to contain all the information on the
available machines. This pracedure was initially followed
for the micro-based system, but when the system was tested
the time taken to run the program often took 5-6 hours
depending on the size of the problem. As a result, the
single database was divided into a number of operation
specific databases as illustrated in Figure 5.95.

The machine files were divided in such a manner that
the class of operations in each of the files was specific
to a particular class of features to be generated. By
separating the files, the search time was drastically
reduced and only relevant records were searched for each
required operation. Since a micro-computer based system is
considerably slower than a larger system the task of
searching_records can be several times longer than in
larger computer system. Also a micro-based system may take
a4 considerable amount of time to compute the same amount of
information as a mini or mainframe, thus making the system
non—-economical.

Considering the speed at which the information should
be provided by the system to the operator it was necessafy
to make certain assumptions (as outlined in Section 4.3) to
reduce the number of calculations performed. If many of the

assumptions were not made, the operator may at times be
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BREAK-UP OF MACHINE FILES

ROTATIONAL FEATURES PRISMATIC FEATURES
EXTERNAL TURNED EXTERNAL SURFACES
SURFACES —-TURN -RECT, RHOMB, TRIA.

~GRIND —TRAP, GRIND
INTERNAL TURNED INTERNAL SURFACES
SURFACES -DRILL -DRILL

-BORE ~BORE

=GRIND ~GRIND

‘SINGLE MACHINE
FILE CONTAINING
ALL RECORDS

EXTERNAL DRILL EXTERNAL DRILL
~DRILL ~DRILL
~REAM ~REAM
~THREAD ~THREAD

KEYWAY CUTTERS
—EXTERNAL
—INTERNAL

The Above Break Up Of The Machine Files Allows

For Mare Rapid Retrieval Of Information

FIGURE 5.5
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better off to develop process plans manually without the
aid of a micro—-computer. Throughout the design, care was
taken to minimize the computing and searching time required
in order to make a micro-based system Jjustified for use in
smaller machine shops. The file structure used allowed for
rapid searching and locating of specific information and
contained the necessary information for machine tool
selection. A method which sped up the search process was to
create random access machine database files. By creating
random access files, specific information can be read for a
particular machine tool without a sequential search of all
records.

The specific description of the machine file is divided
into three categoriess;

1. Machine Characteristics
2. Process Characteristics
3. Tool Characteristics.

Each of these categories are used to create an
individual machine record. A flowchart and listing of the
program is contained in Appendix B. The program was
developed so the information on a particular machine would
not have to be inputted repeatedly for each record. The
information would be inputted once and all records for that
machine will have access to the information. A similar

procedure occurs when an operation can be performed by a
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number of tools on the same machine. The specific
information on each of these sections will be outlined in

the follawing sections.

9.1.1.1 Machine Characteristics

The first task is to input the general machine
characteristics in the program. The information to be
inputted includes;

1. Machine number

2. Machine horse power and

3. Number of operations which
can be performed on the
machine.

A complete listing of operations which are included in
the system are listed in Table 5.1. Along with each of the
operations in the table, is the operation code which will
be inputted in the next portion of the machine description
pragram. Once the above information has been inputted the

operator must input the process characteristics.
9.1.1.2 Process Characteristics

In this section, a more specific description of the

machines and the operations they can perform is required.
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1.
2.
3.
4.

6.

7.

8.

?.

10.
11.
12.
13.
14,
15.
146.
17.
18.
19.
20.
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Features And Codes For Alterative Operations

Feature/operation

External
External

Turn
Cylindrical Grind

Rotational Axis Drill
Rotational Axis Bore
Rotational Axis Grind

External

Drill

Rotational Axis Ream

External

Ream

Rotational Axis Thread

External
Internal
External
External
External
External
External
External
Internal
Internal
External

Thread

Keyway cutter
Keyway cutter
Rectangle
Triangle
Trapezoid
Rhomboid
Portion of Cylinder
Bore

Grind

Surface Grind

The Above List Contains The Operations

And The Codes To Be Inputted Into

The Machine Records

Table 5.1



Here, the particular operation characteristics are defined
for each of the machines.
The inputs required are;
1. Operation code
2. Set—up cost (%)
3. Operator cost ($/min)
4, Time to load and unload a part (min)
S. Expected % down time
6. Maximum length of part (mm)
7. Maximum diameter of part (mm)
8. Maximum width of part (mm)
?. Maximum height of part (mm)
10. Number of tools available to perform
the machining operation.

Each of the inputs is specific to the operation to be
performed and the machine which the operation is to be
carried out on. Once the above information has been
inputted by the operator, the system begins the description
of each of the available tools to perform the operation on

the machine.

9.1.1.3 Tool Characteristics

In this section, the specific characteristics of each

of the tools which are available to perform the specified
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operation on the machine are inputted. In this case the
input gets more specific as to the capabilities of the
tool. Here the input includes;

i. Tool number

2. Tool cost of machining ($/min)

3. Tool material

4. Number of teeth on the tool

S5. Tool diameter, (mm) if applicable

&. Tool width, (mm) if applicable

7. Tool nose radius (mm)

8. Maximum metal removal rate (cu.mm/min)

?. Maximum depth of cut

10. Tolerance attainable (mm) and

11. Surface finish attainable (RMS).

Under‘different conditions, certain questions may play
a dual role. For instance, in the case aof a boring
operation the value of the fool diameter will indicate the
minimum size of a hole required before this tool can be
used. Maximum depth of cut for boring may indicate the
maximum depth for each pass, but in the case of a drilling
operation it indicates the length of the tool. These duai
roles aof different tools depend on the tools themselves and

will be clearly explained in the users instructions in

Appendix A.
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Using the above procedure all the available machine
tools can be described and stored on file to be used later
to select the required alternative combinations of tools to
meet the specific requirements of the component. Once the
machine tools available in the shop have been inputted to
the system they never need to be re-inputted. In Figure 5.3
the main menu indicates the option of editing the machine
files. This is only necessary when new machines or tools
are introduced onto the shop floor, or machines are to be
removed. .

In subsequent sections, the machine files will be used
to select the tool required and estimate the costs of
machining with a specific tool. Appendix I contains the
data which was inputted into the machine files from which

the examples in this report were generated.

S5.1.2 Component Description

Once a machine database exists the next step.is to
input the description of the component to be manufactured.
This involves the description of the component to be
manufactured by the operator cf'the system. Two types of
information is required to be inputted;

1. General information and

2. Specific component information.
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For the specific component description, the system
divides the problem into two systems;

a. Specific Rotational Information
b. Specific Prismatic Information.

The breakup between Rotational/Prismatic components
allows the procedure to consider the two problems as
separate systems since there is little similarity between
the two types aof parts. For the purpose of speeding up the
process plan generation phase an internal disk drive was
created. This drive is accessable like other disk drives,
but greatly speeds up the process of reading and writing to
files, since the infaormation is contained in the computer
memory itself, rather than on disk. The compaonent
description will be stored on this disk drive since a
permanent record of the component description is not

required_once the task of machine selection has been

completed.

5.1.2.1 General Information

The information inputted at the start of the system
contains the general information about the part to be
manufactured.

The information includes;

Date
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Operators name

Part number

Part name

Number of parts per lot

Part material

Maximum production rate or Minimum production

cost and
Part type (rotational/prismatic).

Once this information has been inputted, the system
enters the appropriate portion of the program based on
whether the part is rotational or prismatic. Upon entering
the proper program, the system begins to prompt the
operator for the specific feature description of the part
to be manufactured. Depending on whether the part is a
rotational component or a prismatic component, different
vyes/no questions are asked along with the specific part
characteristics. An answer of "no" to any of the questions
will result in the system omitting the appropriate portion
of the component description program and the subsequent
machine selection phases. A listing of the yes/no questions
which are asked is contained in Table 5.2 for the
rotational components and in Table 5.3, for the prismatic
camponents.

These yes/no questions are used to initiate the
different sections of the program only as required,
there-by speeding up the interrogation process, and later

reducing the required calculation time by eliminating
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Yes/no Questions For

Rotational Parts

1. Are there external turned features?

2. Are there internal features along the axis?

3. Are the features through the entire part?

4. Do the features originate at the reference end?
5. Do the features originate at the opposite end?
6. Are there any drill holes parallel to the axis?
7. Do the drill holes start at the reference end?
8. Do the drill holes start at the opposite end?
?. Are there any external drill holes?
10. For each drill hole, is it threaded?

11. Are there any internal keyways?

12. Are there any external keyways”?

These questions are used to aid in the selection
of required operations as well as to determine which

portions of the program must be run.

Table S.2
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10.

11.

12,
13.

Yes/no Questions For

Prismatic Parts

Are there any surfaces to be machined?

Are there any external features to be machined?
Does the feature runm along an edge?

Does the feature run the length of a surface?

Are there any internal features to be machined?
Are there any external drill holes?

Are there any drill holes in positive x direction?
Are there any drill holes in negative x direction?
Are there any drill holes in positive y direction?
Are there any drill holes in negative y direction?
Are there any drill holes in positive z direction?
Are there any drill holes in negative z direction?

For each hole, is the hole threaded.?

These questions are used to aid in the selection

of required operations as well as to determine which

portions of the program must be run.

Table 5.3
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certain portions of the program. The yes/no questions are
also used to aid in the selection of the processes which
are required to manufacture the component as described by
the operator. The selection of operations required is
generated by arranging the yes/no answers in the form of

decision tables.

5.1.2.2 Rotational Part Description

Here, along with the questions in Table 5.2, specific
information is required such as the dimensions of all the
features to be created, along with their tolerances and
surface finishes. The descriptions, along with the yes/no
questions asked, are then compared to the capabilities of
the available machines. The procedure first compares the
raw dimensions and, then compares the specific requirements
of the component.

The yes/no questions allow the system to break up the
component into its individual feature classes, which can be
compared to the machine file breakup described in the
machine file section of this report. This break-up allows
the different component description files to be matched
with machining files which are capable of creating the
features in the particular class.

The feature description for rotational components is
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divided into six classess
a. External Turned Features
b. Internal Turned Features
c. Drill Holes Parallel To Axis
d. Drill Holes Perpendicular To Axis
e. Internal Keyways and

f. External Keyways.

The external and internal turned surfaces are described
in terms of steps and tapers. An illustration of the
meaning of a step and taper is shown in Figure 5.6.
Depending on the type of feature present, different
information is prompted by the system to be inputted by the
operator. The information required for steps and tapers is
listed with the illustrations in Figure 5.6.

For each of the yes/no questions of Table 5.2,
similar inputs are required to define the features which
are to be created. Only when a yes/no question is answered
with a "yes" will the system prompt for specific
information. If a "na" is entered by the operator for one
of the above questions the system assumes that no feature
of this type exists, and immediately goes on to the next.
class of features. A complete list of the descriptions for

the rotational components is contained in Appendix C.
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9.1.2.3 Prismatic Part Description

For prismatic components the yes/no questions in Table
5.3 perform the same function as for the rotational
components. They allow the system to break the component
description into distinct classes of features. During later
stages, these files can be matched with the machine record
files capable of creating the features for each of the
classes in the system.

The initial starting shape of the raw material must be
described in terms of its shape as well its dimensions.
Here, the system is limited, since the initial raw material
must also be one of the pre—-defined shapes. Referring to
Table 5.1 we can see the prismatic feature and their codes
which are acceptable inputs to the system, as described
earlier. Figure 5.7 contains the illustrations of the
prismatic features which can be created along with their
required dimensions. In this case, additional information
has to be inputted by the operator to ensure proper
selection of tools. This additional information is how the
feature to be removed relates to the initial raw material.
Through the use of yes/no questions during this phase thé
system can determine the relative relationship between the
raw material and the feature to be removed.

Here, as in the case of rotational components, the
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features are divided into a number of classes, which can be
matched to a given file of machine records which are
capable of creating each of the classes of features. The
individual classes of features for the prismatic component
description includes;

a. Surfaces to be machined

b. External features

c. Internal turned surfaces

d. Drill holes parallel to an axis.

Here again, each feature must be described in terms of
dimensions, tolerances and surface finishes. Refer to
Appendix D. for a complete listing of all the information
which must be supplied by the user to completely describe a
prismatic component.

Once the component description phase has been completed
the system can begin to determine which of the machine
records are required to create the different features of
the component for either a rotational or prismatic

component.

S5.1.3 Selection of Alternative Processes

This section determines the alternative machine

selections based on the component description of the part.
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In this phase of process plan generation the variant and
generative approaches of process planning differ the most.
For generative process planning, the basic goal is to
determine all feasible process alternatives in order to
ensure that the optimal plan is among the ones generated.
Thus, for each feature of each class as defined in the
component description phase every alternative means of
manufacture must be considered. This approach is the method
which will be followed by this micro-based system. As would
be expected, as the complexity of the part increases, the
number of alternative processes increase, and quickly the
problem becomes too large for a micro-based system to
solve. To simplify one aspect of the problem, an assumption
was made that states that the shapes to be removed are
considered to exist only as described by the operataor of
the systgm. This assumption was necessary to reduce the
number of alternatives generated. If this assumption was
not made, the component could be considered £o be created
by other combinations of alternative shapes as illustrated
in Figure 5.8. Therfore, the number of potential operations
would be multiplied by every feasible combination of
alternative features. This would result since the system'
could not assume that the description provided by the
operator was the only possible description. This

illustrates the need for this assumption considering the
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limited capabilities of a micro-computer based system.

The procedure determines all feasible tool combinations
to create the features to the specifications as described
in the previous section. No attempt has been made to
consider different combinations of shapes which will result
in the same compaonent. This next section utilizes the
ves/no answers of the description phase to determine the
type of processes which are required. The yes/no answers
are not the only restriction when selecting different
processes. Also considered, is the dimension of the feature
itself and the required tolerances and surface finishes.

Based on the yes/no answers provided in the component
description phase, and the raw material, the system
determines which processes are required to create the rough
features. In order to determine if a finishing operation is
required, the system must compare the capabilities of the
initial process selected with the specifications of the
features. One assumption made is that if a tool selected
for the initial process can achieve the parameters of the
feature (tolerance, surface finish), the same tool will be
used for both the rough and finishing cuts. For example, in
the case of internal features, the system determinés thaf
at least two operations are required. First, the system

must create a drill hole of appropriate diameter, and

select the boring process to create the features. The
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system cannot, however, determine if internal grinding is
required since it has not yet compared the capabilities of
the tool to perform the boring operations with the
specifications of the component. The system has only
selected the initial processes required to create the
features. The procedure has not yet determined if the
machine tool capabilities exceeds those required by the
component. For each class of features, the system will
determine the initial operations required based on the
"yes/no" answers for the component. The procedure is
illustrated in Table 5.4 for a rotational component based

on the questions in Table 5.2.

S.1.4 Selection of Machine Tools

Unce_the appropriate processes have been selected based
on the features to be removed, machine tools are selected
from the machine files to perform each of the required
processes. Each tool selected must satisfy certain

preliminary conditionss;

1. The machine tool can perform the desired operation and
2. The machine can handle the part in terms of its

shape and raw dimensions.
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Decision Table for Rotational Components
Based On Guestions
In _Table 5.2

Question 1 (Y/N) Y

Question 2 (Y/N) Y Y Y Y

Question 3 (Y/N) Y N N N

Auestion 4 (Y/N) N Y N Y

Question S (Y/N) N N Y Y

Question & (Y/N) Y Y Y

Question 7 (Y/N) Y N Y

Question 8 (Y/N) N Y Y

Question 9 (Y/N) Y

Question 10 (Y/N)

Question 11 (Y/N) Y

GQuestion 12 (Y/N) Y
ACTION Al A2 A3 A4 AS A6 A7 AB AZ A10 All

Where Al= External Turn
AZ2= Internal Bore Through Entire Part
A3= Internal Bore From Reference End 0Of Part
A4= Internal Bore From Opposite End 0Of Part
AS= Internal Bore From Both Ends 0Of Part
Ab= Drill Parallel To Axis From Reference End
A7= Drill Parallel To Axis From Opposite End
AB= Drill Parallel To Axis From Both Ends
A9= External Drilling Required
A10= Internal Keyway Cutting Required
All= External Keyway Cutting Required

The above procedure will determine the initial
processes required based on the Yes/No questions answered
during the component description portion of the program.

Table 5.4
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The system begins by selecting each class of features
described by the operator and reads the individual records
for the features in the class which are stored on the
internal disk. The system searches the appropriate machine
file based on the feature class and the raw material to
select a possible alternative machine tool record. Only if
the tool cannot meet the specifications of the component,
in terms aof its tolerance and surface finish will the
system generate a finishing operation. If a finishing
operation is required the system will determine the
alternative machine records available to perform the
operation. If a tool is capable of creating the desired
feature to the specifications described by the operator no
finishing operation will be generated.

The system maximizes the number of possible
alternat;ves by considering for each feature(J) of each
class and each potential machine record(lI,K,L) required to
meet the specifications of the component. I;K,L are a
combination of machine records which are required to meet
the specifications of feature J. The potential tool
combinations allow for, at most, three operations to be
perfaormed to create a single feature. Considering the case
of an internal feature, the operations required are;

Drill,
Bore,

and possibly Internal grind.
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Similarly for other feature classes the maximum number

of operations required is three.

S5.1.5 Maximization of Alternatives

In the machine selection procedure, it is important to
consider all feasible alternatives. Only by considering all
possible combinations can the procedure guarantee that the
optimal alternative will be generated. This maximization of
tool combinations considers each tool combination (I,K,L)

for each feature J. The following equation illustrates how

the system considers each tool cambination.

b4
MAXZ%{‘Z‘ P(I,J,K,L) (1)
Where
P(I,J,K,L)=1 If machine records I,K,L are
feasible and required to
create feature J.
ELSE P(I,J,K,L)=0
Note that the variables K and L may take on a value of
O if the operations associated with them are not required,
but, P(I,J,K,L) can still take on the value of 1. This
maximization is carried out over all features in a
particular class. The resulting (I,K,L) values are stored
as feasible alternatives to create the feature (J). Since

this information will not be required once the procedure

has been completed, the data is stored on the internal
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disk. By storing the data on this disk, it speeds up later
reading operations performed by the system to select the
optimal combination of tools. The above system creates all
the feasible tool combinations there-by ensuring that the
optimal one is among the ones generated.

Equation (1) simplifies the procedure which is
performed by the program at this stage. Many other
calculations are required to ensure the proper selection of
machine records at this stage. For example, consider the
case where there are internal features along the axis of a
rotational component. The first requirement is to determine -
the minimum diameter of all internal features in order to
determine the maximum diameter for the drilling tool. This

can be illustrated by the faollowing equations

Let diameter=100000
(2)

A if (diameter > Diamj) then diameter= Diamj

J Where
Diam; is the diameter of feature Jj

Using equation (2),the system determines the minimum
diameter of all internal features. Knowing this value, the
drill diameter can be selected accordingly. Incorporated in
the system is the fact that the final drill diameter is
usually only 3-5 (mm) less then the smallest feature

diameter, provided the smallest diameter is not greater
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then 50 mm. Based on this diameter all feasible drilling
tool records are compared to this value to see if they meet
this requirement along with the other requirements for an
acceptable alternative. Once the maximum drill diameter has
been selected the boring tools are selected by comparing
their required diameter restriction with the hole diameter
to see which tools can be considered for the boring
operation. By comparing the capabilities of the boring
tools in terms of tolerance and surface finish the system
determines if an internal grinding operation is required.
If grinding is required, the system selects an appropriate -
tool based on Ehe previous restrictions. The system not
aonly compares the tools, but also the machines to ensure
that the selection is feasible based on the raw material
dimensions of the part.

The gbnve procedure will result in determining the
maximum number of feasible tool combinations to create the
features as defined by the operator. Comparisons are made
for each class of features, this will result in generating
the maximum number of feasible machine tool combinations,
thus ensuring that the aptimal machine tool combination is
among tﬁe ones generated.

Once all feasible combinations have been generated for
each class of features, the system must sequence the
machine tools in order to achieve the final component

features.
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9.1.6 Machine Tool Segquencing

The sequencing of machine tools within each class of
features is determined prior to the selection of
alternative machines. This sequencing has been built into
the system itself. For a given class of features, there
exists a single sequence in which the operations must be
performed. Although the machine chosen varies, the
operation it will perform is the same. For example, in the
case of an internal feature, drilling must be the first
operation performed followed by boring which must precede
internal grinding if grinding is required. Therefore,
within a class there exists a predetermined sequence of
operations which will result in a predefined sequence of
machine tools. However, the sequencing of operations
between classes of features cannot be determined in the
same manner since the sequence of operations between
classes are basically independent of each other. Operations
from different classes can be performed together if the
preceding operation restrictions within the class have been
satisfied. As an example, the sequencing of operations for
the overall component must satisfy the individual
sequencing of the feature classes. Therefore, operations
from two classes of features can be machined one after the

other by the same tool or on the same machine, provided the
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features of the two classes are at the stage where the
tool/machine is required for both the classes of features.
In a truly generative process planning system, the user
would input rules to provide a rough framework for the
ordering of operations between classes. These rules would
apply to classes of features or operational sequences.
However, even with these rules there would be a large
number of alternative sequences to consider in order’to
determine the optimal sequence. Consider the simple example
where there are two classes of features to be machined and
where each class requires only two operations and a limited -
number of ten alternative machines for each operation.
There could be as many as 60,000 possible sequence
combinations to consider. Considering the limited problem
size defined above, the difficulty in managing a larger
more rea}istic problem on a micro computer becomes
apparent. As a result of the large number of combinations
it was decided to rank the alternatives for'each required
operation, rather than the overall sequenced alternatives
that would have resulted in the generation of the optimal
process plan. Instead the operations between classes were
not intertwined but each class of features was consideréd

separately.
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S5.1.7 Consolidation of Alternative Processes

Once the system has generated the alternatives it finds
itself with too large a group of possible alternatives for
a micro-based system even with the restrictions previously
defined. In the previous phase, the system generated all
tool combinations for each of the individual features in a
particular class. At this point a reduction in the amount
of available information is required. A likely reduction is
to group the stored information to determine which
combinations of machine tools are capable of creating all
or the majority of features in a particﬁlar class of
features. In the selection of machine tool portion of the
program, each feature, within each class, generated its own
set of alternative machine tool combinations. During this
section a single machine tool combination is determined
which can generate all the features within a particular
class of features. For ALT1 and ALT2 the individual class
sequences are searched, each time a tool is found to
perform a given operation the system notes the tool and the
operation and stores it in memory. If the same tool is
found to be performing the same operation but with
different tools performing the other operations in the
class it is noted, but, not restored. Therefore, the end

result is a complete listing of all tools which are used to
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machine all the features for a given sequence of operations
for each class of features.

In the case of an internal feature as described before,
there.should exist a combination of drilling, boring, and
grinding tools which can create all the features in the
class. For the case of internal grinding some features may
not require the finishing operation, but for all the
features there may exist at least one feature which does.
Therefore, the combination will meet all the requirements
of the features and reduce the number of alternatives by
generating only alternatives which can create all the
features in the class. Using this procedure any machine
tool combination which can create only a single feature in
a class is eliminated and only tools which are common to

all features in a class are considered further. This

procedure can be illustrated by the following equation:

Y alternatives Smax=(Pi,j P, 5 *P1,5? (3)
Where
Pij, =1 if Ij+1=1;
Pk,j=1 if Kj+1=Kj
Pl,j=1 if Lj+1=L;
ELSE P;, =Pk, j=P1,Kk=0

Ij=PrDcess I for feature 3j
Kj=Pracess K for feature Jj
Lj=Process . for feature j

Since no more then three operations are required to
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generate a class of features if Sp5,=3%J (where J=number

of features in the class) the combination spans all the
features and the combination is stored as a feasible
alternative. This procedure can be applied only in certain
classes of features where one tool combination can create
all the features, such as the classes of external turning
or internal feature generation. In other classes it may not
always be possible to determine a single tool combination
and hence no alternative reduction can be carried out in
this manner. In such a case, all features within a class
which are machined by a common machine tool are determined. -
This allows the system to determine the minimum number of

tools required to complete the feature class.

S5.1.8 Determination_of Machining Characteristics

For aptimal machine selection it is not only important
to determine the minimum cost or maximum production rate
alternative; it is also necessary to determine the cutting
parameters of the operations in order to meet the projected
cost estimation and still meet the specifications of the
part in terms of tolerance and surface finish.

For the micro-based system it was felt that the
determination of optimum speeds and feeds should not be

generated from "tool life equations", but, instead to use
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an approximation based on common machining practices. From
the study of different machining handbooks (246,27) and
speaking with machinists in industries in Windsor it was
determined that adjustments to speed and feed are made for
different part material and tool material combinations.
Finish cutting adjustments are also made to ensure that the
finish characteristics are achieved as well. For example,
when machining a part if the tool material is changed, the
optimum speed at which the operation is performed will
change. For rough machining a fixed approximation was made
as to the speed change for different part materials. Based
on this the speed and feed can be determined for each of
the roughing operations required.

In the tool description phase of the system, one input
was the tool nose radius. Based on the tool nose radius,
the systgm can determine the feed rate for both the
roughing and finishing gperations. Another input was the
metal removal rate of the tool. This information will be
used along with the maximum depth of cut allowed, to
determine the speed at which the machine will operate. The
procedure is explained below. The equations used are found
in Figure 5.9.

Based on the nose radius of the tool, the system
determines the feed rate for the tool in terms of mm/rpm.

For example, for rough turning and boring, the feed rate is
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CALCULATION OF
CUTTING PARAMETERS

MRR ~METAL REMOVAL RATE OF TOOL FOR 1020 STEEL
PART MATERIAL

TNR ~-TOOL NOSE RADIUS

YA —CORRECTION FACTOR FOR ACTUAL PART MATERIAL
Z=1 IF MATERIAL=1020 STEEL
Z=.7 IF MATERIAL=4140 STEEL
Z=1 IF MATERIAL=CAST IRON
Z=1.4 IF MATERIAL=BRASS/BRONZE

THEREFORE; MMR=MMRXZ (mmS/min)

FEED RATE FOR -ROUGHING OPERATION = TNR
(mm/rev) —FINISHING OPERATION =.25%XTNR
DEPTH —ROUGHING MAXIMUM SPECIFIED IN TOOL FILE
=FININSHING = 1mm
SPEED CALCULATION;
SPEED=(MMR) / (TNRX¥DEPTH) (mm/min)

SPEED=SPEED/1000 (m/min)

This example illustrates the method by which the
system is able to determine the various cutting parameters
for each of the alternative machine records available.

FIGURE 5.9
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equal to the tool nose radius of the tool which was
inputted in the machine record files. For finish turning
the feed rate should be adjusted to account for the surface
finish required. Here a value of (1/4%tool nose radius) is
used as an approximation. Based on the predetermined
approximations for the metal removal rate found in the
machine record file, an adjusted metal removal rate can be
determined based on the part material. Using this new metal
removal value along with the feed rate and the maximum
depth of cut allowed, the system determines the recommended
surface speed (mm/min) for the operation. For the finish
cut, the final depth of cut would be equal to 1 mm and the
feed is equal to ".25%tool nase radius". Based on industry
standards the speed is adjusted to ten percent above the
roughing speed. One assumption made is that the machine is
capable of an infinite settings of speed and feed rates.
Based on the metal removal rate of the system, an
approximate time for machining is calculated. This is done
by determining the amount of material to be removed by the
operation and dividing this value by the metal removal rate
capacity of the tool. An example of the procedure is

illustrated in Figure 5.10, for turned features.
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ESTIMATION OF TIME
BASED ON_THE AMOUNT OF MATERIAL
REMOVED DURING A TURNING
OPERATION

WHERE,
1 = 3IO0mm
2 = 75mm
T = 100mm
9 ]j 2 4 = 30mm

MATERIAL= MAT1 + MAT2

MAT1 = (3.1415%(75/2)2-3.1415%(30/2)2) %50
=185550.3

MAT2= ((3.1415%(75/2)2-3.1415%(30/2)2)
+.5%(3.1415%(75/2)2-3.1415(30/2)2) ) ¥100

=185550.3

MATERIAL =185550+185550
=371101 (mm=)

ASSUME A VALUE FOR MRR =65000 mm>/min
MACHINING TIME =MAT/MRK

=371101/6500Q
=5.7 min.

FIGURE S.10
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5.1.9 Cost Estimation of Operations

Once the determination of speeds and feeds have been
completed, the system determines the time and cost for each
class of features for each tool performing each of the
operations to complete the components.

Information in this section was derived from various
sources ( 5,11 ) as well as experience in this area.

The system must calculates;

1. Machining time per piece
2. Total time on machine per lot
3. Total cost per lot

4. Average cost per part.

5.1.9.1 Machining Time Per Piece

As described earlier the time taken for a given
operation can be approximated based on the tool part
cambination and the metal removal rate for the operation
using a particular tool. Based on this, a machining time

per piece can be determined using the following equation.

Time=Tm/Mrr (4)
wheres
Tm=total metal to be removed by the tool
Mrr=the adjusted metal removal rate of the
tool based on the part material
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The determination of the amount of material to be
removed is derived from the shape description provided at
the start of the program. For external turning refer to

Figure 5.10 for a sample calculation.

5.1.9.2 Total Time Machine Is In Use

In order to determine the effective cost of the
procedure chosen, the system determines the total time
which a machine is being used. This value can be divided
into two terms;

1. Machining time.

2. Load/unload time

The machining time was determined in the previous
section, and the load/unload time was one of the inputs to
the machine file. It is, however, important to keep the two
separate since the tool cost of machining will only relate
to the actual machining time. The total time calculation
must be determined for the entire lot size. Therefore, the

following equation can be used to determine the total time

a machine will be in use.

Total time= (Mt + LUT)xlots (D)
Where Mt= machine time per part.

Lut= load/unload time per part
lots= lot size of jab
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Based on this estimate of the total time required the
system can determine the overall cost of production for the

particular method for each feasible alternative.

5.1.9.3 Cost _0Of Each Operation

Of importance in any machine selection system is the
ability to accurately estimate the cost of production for
each of the features to be created as well as the total
cost for the part. The total cost is divided into three
areas, labour cost, machine cost, handling cost
The total cost can be expressed by the following equation.

Min LC+MC+HC (6)
where LC= labour cost

MC= machine cost
HC= handling coaost

5.1.9.3.1 Total Labour Cost

Here each cost can be further broken down. Included in
the labour cost ares;
i. Handling time
ii. Machining time
LC=({Lut+Mt)x (L$)x (1ots) {7)
where Lut= Handling time (min)
Mt= Machining time {(min)

L$= Labour cost/min
Here the labour cost is based on a per part basis.
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Looking at the above equation, it would appear that the
machine that requires the minimum time and handling would
result in the minimum cost. This in some cases will be true
but, not in all cases since one of the inputs to the
machine files was the labour cost for the particular
operation on a particular machine. Therefore, the labour
cost can vary from one machine to another and the faster
may have a higher operator charge rate resulting in a

fhigher overall cost for the operation.

S5.1.9.3.2 Total Machine Cost

The total machine cost can be broken into two factors
which are; a. Tool cast
b. Set up cost

These will be outlined in the following equation.

MC= (MBI (Tc)x(lots) + St (8)
where Mt= machining time ((min)

Tc= tool caost ($/min)
St= set up cost ($)

Faor the purpose of this problem the machine time was
based on a per lot basis. Based on the above example, it
would appear that the machine with the fastest machining

time would be the best. One input to the machine database
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was the cost to set up the machine for a particular job,
therefore the faster machine may have a higher set-up cost
making the slower machine more cost justified. Another
input to the machine file was the tooling cost, a machine
with a slower machining rate may have a lower tooling cost

and make it more cost justified thanmn a faster machine.

5.1.92.3.3 Handling Cost

The handling cost can be considered to be the cost of
transporting the material from one machine to the next, the -
cost of having the raw material in storage, etc. In this
model these costs were not included and the total caost was
based only on the labour and machining costs of the

component.

S5.1.10 Total Cost

Based on the cost calculations of the previous sections

the total caost to machine a feature on a particular machine

using a certain tool is;

Total cost=LC+MC (2)

Where LC= total labour cost (%)
MC= total machine cost (%)
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The average cost is determined by dividing the total
cost by the lot size to be produced.

Average caost=Total cost/lats (10)

5.2 System Optimization

Until this point, ALT1 and ALTZ2 (sequencing vs.
ranking) are identical to each ather in terms of component
description, machine tool selection, operation grouping and
cost estimation. It is the optimization of the machine
selection phase where alternatives from different classes
of features are to be combined to determine the overall
optimal solution that the differences between ALT1 and ALTZ2
occur. The procedure used is not an optimization procedure
in the strictest sense, the procedure involves enumerating
the possjble alternatives for each process and determining
a ranking for the alternatives. There are no constraint
equations since each alternative must be considered in
order to determine the optimal alternatives. ALT1 has been
validated for two classes of a rotational component the
results of this approach will be reviewed. ALT2 has been
validated for the same two classes of operations as well as
two additional classes of features. In ALT2Z there was no
attempt to combine the operations between the different

classes, the optimization is carried out on each of the
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operations within the individual classes. For this reason
there is no need for the formulation of large matrices to
contain the different alternatives required to determine
the optimal sequencing of operations. This resulted in a
great savings of computer memory. The size of the matrix
required by ALT1 to allow for séquencing would have to be a
NxJIx10 matrix where J is the number of classes, N is the
maximum number of alternative machine files in a class and
10 is the number of different types of information required
from each machine record.

The two systems will be discussed separately as to the

method aof optimization which was carried out.

S.2.1 Optimization Of ALT1

At this stage ALT1 combines the operation classes to
determiné the combination of machine tools which will
result in the minimum overall cost per lot. There was no
attempt to generate the maximum production rate alternative
since it would be for only a two stage example and since
this system was eventually modified to the new system.
Since no sequencing rules were incorporated into the
system, the sequence of operations was predetermined prior
to running the system. The procedure was able to generate

optimal process plans for all combinations of machine tools
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for each of the operations in a predefined sequence.

For the optimization, the system considered all
feasible remaining tool alternatives for each process in
order to ensure the best alternative was generated. Only
tools which were able to create all the features within a
class were considered. In the case of external turning and
internal boring there is a total of five different
operations, These are;

1. Turning

2. External grinding
3. Drilling

4. Boring and

S5. Internal grinding.

In order to determine all feasible combinations, the
system considered each alternative for an aoperation in
combination with each alternative for all the other
uperatio&s. For example, assume there are only ten
alternatives for each aoperation; the system.wuuld make
10x10%10%x10x10=100,000 comparisons. Even for a micro-system
the amount of time taken may be fairly small when compared
to manual methods. Haowever, consider that before a
comparison can be made the system must first read each
recaord from the appropriate file, calculate the total cost,
and then compare it with the other alternatives. The end

result could easily approach several hours of computer

time.
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If ALT1 were allowed to consider the alternative
operation sequences between the classes of features,
considerably longer run times would have resulted, since
for this two stage example there would have been "nine"
additional sequences resulting in ten times the number of
calculations and comparisons. It can bhe shown that for
additional classes to be considered, the number of
alternative sequencing combinations will increase and the
time taken will increase significantly, making prompt
results unattainable. In order for the system to provide
information to the operator quickly, ALT2 was developed.
For ALT1 the cost formula took the form of equation (11) as

shown below.

Rank (11)
Minimum Ti+EGj+Dk+Bl+IGm“Pi,j‘Pj,k_Pk,l

_Pl,m

for turning

where Tj= alternative machine record
for external

EGj= alternative machine record
grinding
D= alternative machine record
B1= alternative machine record
IG,= alternative machine record
grinding
Pj, = reduction due to alternative i being on
same machine as operation Jj
P_‘i,k= same as Pi,_j
Pk,1= same as Pj _j
P1,m= same as P;j

for drilling
for boring
for internal

g = L, H

For example purposes, the value of Pi,j was taken to

be .5X(set up cost)/(lot size). This value was used only as
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an approximation. In order for the system to determine the
optimal process plan, the system would determine if two
operations should be performed on a part before the next
part is loaded onto the machine. This would have to be
based on the load/unload times as well as the additional
cost to set up two operations on the same machine. This
problem is beyond the capabilities of the system and would
result in even further expansion of the time taken to
determine an optimal process plan.

From initial studies of ALT1, it was found that the
system is capable of generating simplified process plans
the output from the procedure will be examined in section
S5.3. The time taken for this two stage problem was found,
however, to be considerable. For this reason ALT2 was
developed as an aid to the process planner, not as a
process planning system. The alternative system considers
all operations as being indgpendent of the other

operations.

S5.2.2 Optimization Of ALT2

For the optimization of ALT2 the task was simplified’
since there was no need to sequence the aoperations. There
was no need to consider the possibility of operation

interaction between different operations within a class or
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between classes. Each operation was considered to be
independent of the others and the optimization was carried
out on each single operation within each class of features.
Because of this the system did not need to determine the
total cost for all operations or the reduction in cost due
to sequential operations being performed on the same
machine. The simplified optimization equation is shown

below:

For each i Rank the Minimum=TC;  ; (12)

where TCj ;= cost of operation i on each
alternative tool J

In addition to the minimization of cost for each
operation ALT2 can also determine the optimal machine
selection for maximum production rate. The procedure is
based on the amount of material to be removed and the metal
removal rate of the alternative machine selected. The

equation is outlined below:

For each i Rank the Minimum=Mat/Mrrj (13)
where Mat= amount of material to be
removed during the operation.

Mrrj= rate at which alternative tool
J can remove material.

Since there is no comparison between operations and no

summing over all the possible combinations, the system was

able to operate much faster and provide the information to
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the operator in a fraction of the time taken by ALT1. By
not generating an optimized alternative for the entire
process plan there was no need to create the large arrays
to store the combined optimized operation sequence
alternatives. Simpler arrays were constructed to manipulate
the data for each operation and subsequent optimization.
Upon completion of an operation the arrays were
re—intialized and used for the next required operation,
there-by greatly reducing the amount of memory required.

As a result, it was found that for the ALT1 system, the
two stage example of external turned surfaces, and internal--
surfaces could use virtually all the available memory when
the system is expanded for a more realistic size problem,
even when there was no allowance for inter—-sequencing of
operations between classes of features. As a result, this
preliminary system is only able to consider a two stage
process of external turning and internal turning. As the
size of the machine file grows and becomes more realistic
the number of alternative machine records would increase
for each alternative operation and the size of the required
matrix would increase. Therefore, for each loop af the
program the system will have to perform several extra
calculations and comparisons. For example, in the two stage
case where there was 10 feasible alternatives for each of

the required operations it was shown that a total af
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100,000 calculations were required, a increase aof Jjust one
alternative for one operation will result in an additional
10,000 calculations and comparisons. As a result, for such
a small number of machine tools it was decided that this
procedure should be altered to make the system faster and
more of an aid to the process planner rather than a process
plan generator.

From preliminary comparisons of the output from ALT1 it
was found that the difference between two sets of ranked
alternatives was only a single operation. This is
illustrated in Appendix E which contains sample output for - -
ALT1. Therefore, ALT2 which provides individual rankings of
all the alternatives for each operation in a given class
may provide more vital information to the user of the
system rather than just outputting the optimal plan.

As an example, if the machine selected as part of the
optimal blan by ALT1 were not available, the operator would
have to generate a plan manually, but throuéh ranking, the
revised system would allow the user to select from one of

the other ranked alternatives which is currently available.

5.3 System Output

The output from the two systems consisted of machines,

speeds, feeds, costs and other information required to
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machine the component. ALT1 outputted information relative
to the individual operations as well as the combined
operations. This section compares the two outputs from ALTI1

and ALTZ2.

5.3.1 ALT1 System Output

The output from ALT1 provided the first twenty ranked
alternative process plans to create the part as described
by the operator. The ranking was based on the minimum cosp
plan. The output from ALT1 includes information for each
operation and the order in which the operations are to be
performed; siﬁce the order was fixed only a single sequence
was generated.

The output for each required operation included:
-Machine number
—Tool number
-Machining time for the operation
~Average cost per part for the aoperation
-Suggested speeds (mm/min)

—Suggested feeds (mm/rev)
The information provided by this system could be taken

directly to the machine shop floor and used to set—up the

machine and manufacture the component. Additionally, for
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each process plan generated, the total average cost per
part using the above tools was provided. Looking at the
examples in Appendix E the total cost for each plan may not
be the same as the sum of the individual cost elements. The
ditference occurs since the cost is reduced when a machine
can perform two operations in a row on the same part as
outlined in the optimization phase aof this problem. One
additional bit of information is the time taken by the
computer to generate the output. A sample output is
contained in Table 5.5. A number of sample outputs for

different parts can be seen in Appendix E.

S.3.2 ALT2 System Output.

Unlike ALT1, the output from this program does not
include Fhe sequenced operations to produce the component.
The sequencing is left to the Process Engineer and as a
result he/she will be able to select the sequence of
operations which will result in a more efficient process
plan generation. In this case each operation is ranked
according to either minimum cost or maximum production rate
which is chosen by the aperator. The information provided
along with the rankings include;

~Machine number

-Tool number
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COMPONENT DESCRIPTION,
Part Name = Pully
Part Number = 2138
Start Diameter = 200 mm
Start Length = 400 mm

1020 steel

Lot size 120

Feature, 1. =75mm 2. =40mm
I. =b67mm 4, =47mm

5. =133mm . =133Tmm

7. =60mm 8. =120mm

9. =180mm 10. =20mm

11. =70mm 12. =100mm

13. =100mm 14, =200mm

Surface Finish = 75 Rms
Tolerence =.02mm
Table 5.5
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TODAYS DATE AFRIL 16/87 LOT SIZE= 120

o

PART NAME= PULLY PART NUMBER= 9138

-

B 3 B 3 e T W T e T e BB W Te W I T I e T I I I W I AW T T I BT T T3 I3 66 T2 3 33 A

ROUGH CUT FINISH CUT
MACHINE Taou MACHINE TOTAL AVE PART PART PART PART
# # TIME €asT/LOT COST/PART FEED SPEED FEED SPEED
(min) (s) (%) (mm/RPM) (mm/min) (mm/RPM) (mm/min

R T TR T S T s L e Ry 222 L TR ¥ P Y PV FRSrT Y T mvsrpegeperren
C-1802 TUC-B13 38.0918 1344.15 11.20127 .26 974335.°9 6.5E-02 107179.3

I-11 DRH-D3S 3. 333350E-03 u.41046 .944253 .28 1627.88%

F=37 BOC-C19 2.529174 172.5974 1.478311 .<8 105357.1 .07 113892.9

COST FOR THIS PLAN [S= 13.18333

€-1802 TUC-B1S 38.0918 1344,152 11.20127 .26 97435.9 &.5E-02 107179.5
I-t1 DRH-D3IS 3.333353TE-03 S.31046 .S442527 .26 1627.885
€-1500 BOH-A11l 2.925907 175,162 1.442016 .22 992%0.63 S.SE-02 109285.7

COST FOR THIS PLAN IS5= 1Z.18853

C-1802 TUC-B15 >8.0918 1244,1352 11.20127 b 97433.9 6.5E-02 107179.5
I-11 DRH-DZIS 3.33323T3E-03 63.31045 . 54425329 2 1627.885
F-~37 BOH-B4s& 2.57278 173.947% 1.449566 .25 167307.7 6.5E-02 1B403B. 3

COST FOR THIS PLAN IS= 13.19309

C-1802 TUC-B13 38.0918 1344.152 11.20127 .26 97475.7 6.5E-02 107179.5
I-11 DRH-D3ZS 3. 333557E-95 65.310484 « 544255 o2 1627.885
F=37 BOH-B13 2.8696357 183.8303 1.531919 .14 u57142.9 .033 6128%7.2

COST FOR THIS PLAN 1S= 13.27744

C-1802 TUC-B15 38.0918 1344152 11,20127 .26 97433.9 6.ZE-02 107179.5
I-11 DRH-0ZS 3. 3333TTE-NS 6Z.321046 « 544255 .2 1627.883
C-1802 BOH-C1 2.925907 186.9327 1.557773 .18 212300 4.%E-02 233730

COST FOR THIS PLAN IS= 13.3033

c-1802 TUC-B11 39.1212 >78.3848 11.484853 V-] 27128 4.0E-02 254373
I-11 DRH-DZS S5.3T35T3E-0T 65.31046 -3442277 .26 1627.883

F=37 BOC-C19 2.329174 172.3974 1.4328311 < 105337.1 .07 115892.9

€COST FOR THIS PLAN IS= 13,4691
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C-1802
I-11
C-1500

C-1802
I-11
F=37

C-1802
I-11
F=37

c-1802
I-11
C-1802

Tuc-B11
DRH-D35
BOH-A11

TUC-B11
DRH~D33
BOH-B46

TUC-B11
DRH-D335
BOH-B13

TUC-B11
DRH-DZS
BOH-C1

39.1213
3.333333E-03

2.925907

€OST FOR THIS PLAN IS= 13.4738

39.12132
3. 33333TE-03
2.37278

COST FOR THIS PLAN [S= 13,48035

39.1213
3.33333TE-05

2.86963%9

COST FOR THIS PLAN IS= 13.5627

39.1213

3. 3S33TTE-NS
2.9259407

COST FOR THIS PLAN 1IS= 13.588B56

1378.384
&65.351046
1735.162

1378.384
65.31046
173.9479

1378. 384
65.310486
183.8303

1378.384
65.31046
186.7327

TIME TAKEN TO RUM PROGRAM= S.135568Z (MItD

11.48653
« 35442539
1.4435016

11. 48653
.S442539
1.449566

11.486353

«S442539

1.531919

11.486535
.S942539

1.557773

.16
.26

'22

.16
.26

.26

.16
.25

.14

.16
.26

.18

231250
1627.885
99350.65

2312350
1627.88S
167307.7

231250
1627.883
537142.9

231250
1627.885
212500

4,0E-02

S5.3E-02

4.0E-02

6.5E-02

4.0E-02
. 033

4.0E-02

4.85E-02

254375

10928S5.7

2343735

184038B.35

234373
6128357.2

234375

233750

(o4)
ﬂ
!



- 88 -~

—-Machine time/part

-Total Time/Lot

—-Total Caost/Lot

-Average cost/part

—-Suggested speeds (mm/min)

~-Suggested feeds (mm/rev)

~Suggested depth (mm)
and when necessary —-If a finishing operation is required

The output is arranged according to the required

operation. The operator has the choice as to which machine
he/she wishes to use and in which order to arrange the
operations. The system tells the operator the ranked order,
and as a result if the highest rank alternative machine is

not available hes/she can select from any of the other

alternatives. The operator also has the choice of selecting
alternatives which allow for more then one operation to be
performéd on a machine. The final cost for production must
be calculated by the process planner, by taking intao
consideration the sequencing interactions of the
operations. A sample output for the system is shown in
Table 5.6, several outputs from the system are contained in

Appendix F.
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COMPONENT DESCRIPTION,

Part Name = Pully
Part Number = 2138
Start Diameter = 200 mm
Start Length = 400 mm
Material = 1020 steel
Lots Size = 120
Features, 1. =75mm 2. =40mm
3. =67mm 4, =&4&7mm
5. =133mm 6. =133mm
7. =60mm 8. =120mm
Q. =180mm 10. =20mm
11. =70mm 12. =100mm
13. =100mm 14, =200mm

Surface finish = 75 Rms
Tolerence =.02mm

Table 5.4
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OPERATOR:

PART NAME:

D. MELOCHE

LOT SI2E:

PULLY

DATE:

APRIL 1&/87

[ e 22222 2 d 22 a2 d il 22l s a2 22222y T2 AT ZYTRYYTS TNy eyy vy yy r Y Ty Y Yy Yy Y Yy Y Y

BRRBRBERERRBRR RS BERIRRAREERBERE
OPERATION REQUIRED TO GENERATE

THE EXTERNAL FEATURES

AL 2222222222222 22222222222 223 X3

TOOLS AVAILABLE FOR TURNING

MACHINE
]
C-1802
C-1802
F-37
C-1802
C-1802
F=37
C-1802
c-1802
J-19
F-37
C-1802
C-1802
J-19
J-19
B-30
J-19

H=-91

H-91
B-30
J-19
B-30

TOOL
L]

TUC-823
TUC-B21
TUH-C4t
TUC-B1S
TUH=-AZ3S
TUC-B12
TUH~AZ]
Tuc-B11
TUC-B11t
TUH-C11
TUH-A11
TUH-A7

Tuc-B1t7
TUH-CZI1
TUC-HI1
TUH-C17
TUC-CAaS
TUH-C13
TUC-H16
TUH-C1

TUH-H14

TIME PER
PART
36.987351
37.9154
37.9158
38.892712
39.40001
39. 40001
39.921632
39.92162
39.72163
39.92163
40,457%%
41.00833
42.135716
2,738653
443,00897
44, 466365
44, 56263
44,7524
44.7524
48. 23993
49.86781

GRINDING TOOLS AVAILAPLE

MACHINE
L
EG-40
EG-40
EG-40

rooL
L
ERG-EZ1
ERG-E3ZS
ERG-E16

TIME PER

PART
.8
.8
.8

TOTAL
TINE
4578.501
4789.848
4801.8948
4907.0%4
4968.001
4980, 001
2030.596
T070.396
4982.396
S042,3596
5094, 906
Z161.001
9290.839
5322.7848
S521.0748
S251.4658
S537%.678
<82s6.288
SgIn.c8e8
<983.084
6224.138

TOTAL
TIME
04
s04
s03

LY YN Y LY T T T T T TN W e
OFERATIONS REQUIRED TO
GENERATE INTERNAL FEATURES

WHICH PASS THROUGH THE PART

(222222222 X223 2222222 X2 222 2 2 3

TOTAL
COST

1207,.235
1328.087
1349.687
1370.363
1385. 906
1401, 367
14035,.229
1404,794
1412.724
14156,394
1421.027
1439.319
1487.234
1504,494
1251.49

1568, 144
1570.821
1639.4346
1642.874
1687.762
1744, 686

T0TAL
€asT
~13.4
2135.4

Z135.4

AVE
casT
10.89382
11.13072
11.24739
11.421386
11.54922
11.67803
11.469328
11.70662
11.7727
11.80329
11.84189
11.99433
12, 39762
12.53911
2.92909
13.04786
13.09018
13.66197
13.69062
14,05468
14,53903

AVE

CosT
1.793
1.79%
1.773

DEPTH
(mm)
13

{1

11

9

13

DEPTH
{mm)
2.26661
2.26661
2. 26661

Rough cut Finish cut
FEED SPEED FEED SPEED
(mm/RPM) (mm/min) (mm/RPM) (mm/min)
.48 33333.33 .12 36566.67
.34 62366.84 .083 668823.53
«3 42545.48 -123 44800
.26 9743%.9 6.5E-02 107179.3
.48 36037.69 .12 39663.46
.26 96153.83 4.5E-02 103749.2
.34 73349.02 .083 79803.93
.16 2312%0 4.0E-02 234373
.42 33035.71 «10% 36339.29
<34 72%49.02 083 79803.93
.26 120329.7 6.ZE-02 132362.6
.16 3373500 4.0E~02 371230
2B  57692.3 .07 63461.358
.36 44220,77 9.0E-02 48633.83
26 64423.08 &.ZE-02 70B&%.39
o2 &9230,77 6.JE-02 76133.83
.14 282837.2 .035 311142,%
.1 ‘945000 .023 1039300
.18 150000 &.ZE-02 163000
.18 203333.3 4,.3E-02 223666.7
.18 196666.7 4.5E~02 216333.3
FEED SPEED
{mm/RPM) {RPM)
8.73 4418,937
8.73% 4418.937
B8.73 4418,.937

GRINDING
REQUIRED

ZZEZZTXLCCTEC <L KTR<<
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5.4 Comparison _of ALT1 AND ALT2

Altl was developed to perform all aspects aof process
plan generation, such as determining which machines the
operations should be carried out on, which will result in
the minimum cost. As well the system calculated the
machining parameters required to meet the specifications of
the part and considered the cost reduction due to the
operation sequence to be followed.

ALT1, however, is limited in many ways when one thinks
of a truly generative system.

These limitations include;

~The system does naot consider alternative
descriptions of the component, since alternative
descriptions would result in a greater number of
alternatives to consider further increasing the
‘memory required,

—-The system only considers one order of operations,
due to the complexity and size when allowing the
system to generate alternative sequencing,

~The system does not allow for one machine to
perform simultaneous machining operations and

-The system does not consider the non—-availability
of a machine.

Although, ALT2 does not provide the sequence of

operations, it does provide the user with very important
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information, which includes;

-The ranking of alternatives for a particular
operation based on minimum cost or maximum
production rate,

-All relevant information for machining, including
speeds, feeds and depths of cut,

~Allows the operator to sequence operations to the
best alternatives,

-In ALT1 if a machine is not available the process
plan is no longer acceptable, but, by using ALT2
the operator can select the next alternative from
the list,

-The system can be expanded to generate information
for all classes of features and

—The system gives the user the final say in the
process plan which will give the operator the
-satisfaction of making the final decisian.

It is felt that ALT2 would give the process planner more
flexibility when developing process plans. The process
engineer will be abhle to generate more reliable process
plans than the manual approach and the system will provide
other useful information other than Jjust a process plan. A
flow chart for ALT1 and ALT2 is listed in Appendix G. A
complete listing of the program for ALT1 is contained in
Appendix H along with the portion of the modified praogram

for ALTZ2.
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6.0 CONCLUDING REMARKS

6.1 Discussion

The system described in this thesis is able to generate
process plans faster and more accurately then manual
procedures. It does not however eliminate the need for
process planners since decision based on the output must
still be made. Compared to other systems its ability to
determine required processes based on part description and
consider more then a single operation makes it mare
advantageous then other systems. The major point is its
ability to perform the steps outlined in this report only
utilizing a micro-computer.

Of the two systgms described in this report it is felt
that ALTZ2 would provide mare information and more
flexibility to the Procees Engineer. Because of the
complexity of the first system and the time taken to select
an optimal sequence of machine tools only a sample solution
was canéidered, and no further extension of the system
would be possible. |

For ALT2 where the system ranks the individual
operations, the program has been completed for four classes
of features and expansion of the system is possible. In
ALT2 the operator can select from the ranked alternatives
to select machines which are best suited under the current

- 94 -
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situation. By allowing the operator the final sequencing of
machines the overall optimal sequence may not be generated.
The trade off is that when a particular machine in not
available when required the operator can select from the
alternatives. Also, this procedure would pravide better
scheduling of machines by not overloading a particular
machine that could be used by a number of parts.

Although ALT1 does not meet the initial expectations,
it does provide a method through which a micro-based system
can be effectively used to aid the operator in the
generation of process plans. The user of the system should
have a working knowledge of machining practices, but, does
not have to be an expert on the taols which are available
on the shop floor. The system will generate the ranking of
all operations to be performed and using cost formulas and
intuition the operator can determine the best selection
from eaeh of the operations to be performed. The final
generation of the sequenced operations in the development
of process plans has been left to the operator aof the
system. The system as designed will allow the operator to
generate more feasible process plans than are currently
being developed manually. The micro-computer will save the
process engineer time by perfaorming the calculations
required to generate detailed process plans. This system

would be applicable where there are 10-50 machine tools in
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the shop resulting in 100-500 machine records. Faor a
smaller number manual methods would likely prove to be
better, and for systems larger than this a larger computer
would be required to manipulate the information.

As a result of the research a procedure was developed
which can effectively be used to describe a component to
the computer for the purpose of machine tool selection. The
modul ar development of both the machine description and the
subsequent machine tool selection provides the ability for
a micro-computer to aid the process planner in process plan
generation. Although ALT1 does not measure up to the
initial expectations, the modified version can be used in
the future by the Process Engineer to aid in process plan
generation. The development of this micro-based system
provides a system which can be applied to a wide number of
companies, since the system was not designed for a
particuiar user. The machine database individualizes each
system to the needs of each.user, since users create their
own unique machine files. The system is capable of running
on a micro-computer and as a result can be applied to a
much larger group of users than most other systems which
often require the use of a mainframe system. From the
literature survey, no micro—-based system before now has
been developed which would allow the selectiaon of
operations and generation of cutting parameters based only

on the description of the component.
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6.2 Scope for Further Work

During the development of the two systems there was no
attempt to determine the type or form of jig and or fixture
required to accurately machine the part. The selection was
left to the operator of the system. A possible extension
would be to have the system search a jig/fixture file to
determine which jig/fixture is required for the machine
selected to manufacture the component.

Additional research may include the use of the computer
to generate optimal cutting parameters based on tool life
equations and using geometric programming as outlined by
Sundaram and Cheng.

Another, possible extension of the work can be the
generation of alternative shapes to describe the component.
This procedure would not assume that the description
providea by the operator is the only possible description,
and as a result the system would generate alternative
descriptions of the component, then select machine tools
-based on alternative systems.

A fourth extension would be to consider alternative
process sequencing between operations from different
classes aof features. This would allow for the optimal
generation of plans considering alternative operation

sequencing and consider simultaneous machining of the
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component.

A fifth area which could be incorporated into future
research would be the inclusion aof the quality level for
each machine and an overall acceptance level for the
product to be manufactured.

Also not included in this report was the problem of
machine chattering which would affect the quality of the
part. A method of using stability charts could be included
to further extend the research described in this report.

A final possible extension would be to link the system
ta a CAD database so information can be taken directly from
the CAD system and a machine tool selection will be

outputted automatically.
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APPENDIX A

The users guide contained in this appendix is not
designed to take the operator step by step through the
program. The intent of the guide is to provide a reference
manual which can be used by the operator when difficulties
or ambiguities occur. Since the entire system is menu
driven and user interactive there should be few problems in
running the system. Once the operator becomes familiar with
terms used in the system he should have no troubles with

the system.

There are only two times that the operator must
interact with the éystem, once when the operator is
creating the machine files, and the other when the operator
describes the component. The creation of the machine files
is performed only at the initialization of the system. It
is important however, that the creation of these files is
performed correctly since these files form the basis from

which the system selects the alternatives.

Each area will be discussed separately on the following

pages, beginning with the machine description files.
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MACHINE DESCRIPTION

It is important that each of the question prompted
during the machine description phase be answered, since any
omission may result in sub-optimal selection of machine
tools and there cutting parameters at later stages. The
purpose of the stage is to describe all machining
alternatives available to the system. The system begins by
prompting the operator for three types of information; a.
Machine data

b. Process information for the machine
c. Tool information for each

machine/process combination.

1. Machine number —the operator can input any
alphanumeric &6 digit code which identifies the particular
machine. |

2. Horse power —the operator inputs the rated horse
power of the particular machine

3. Number of aoperations —the operator must inpuf the
number of opefations which can be performed on a particular
machine. Ex. A lathe may be able to turn, axial drill, and
bore therefore the operator would input "3 for the number

of operations.
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Once the operator has inputted the above information
the system begins to prompt the operator for information on

each process the machine can perform.

b. Process Information

1. Operation code —-the operator must input the
operation code (Table 5.1) for each operation the machine
can perform.

2. Set-Up Cost —the operator inputs the cost to set—up
the machine for the particular operation. (%) '
: 3. Operator cost —the operator must input a dollar
value for the cost of the machinist operating the process
on the particular machine. ($/minute)

4. Load/Unload time —for a particular operation the
operator must input the estimated loading and unloading
time on a per part basis. (minute)

S. Expected Down Time -—-each machine will have a history
of down times vs. up time a percent value is'inputted to
give a better estimate of the time taken to machine the
components. (%)

The next section determines the maximum paFt
dimensions the particular operation on the machine can

handle.
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6. Maximum length of part —-maximum length allowed on
the machine. (mm)

7. Maximum diameter —-the maximum diameter of part which
can be machined. (mm) If no rotational parts can be

machined enter "“O".

8. Maximum width —-the maximum width of part which can
be handled. (mm)

?. Maximum Height —-the maximum height of part which can

be handled. {(mm)

10. Number of tools —the operator must input the number
of tools which are available to perform the operation on

the particular machine.

Ex. Turning 6n a lathe -there may be "5" different

tools available each with it’s own characteristics.

The next section looks into the details of each of the

tools to perform the operation on the particular machine.

€. Tool Characteristics

1. Tool Number -—the operator can input any six digit
alphanumeric code to identify the particular tool.

2. Tool cost —in order for the system to generate

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 112 -

costs it must consider the tool cost. The operator must
input this cost based on tool replacement. Dollars/min of
machining time, since the tool cost only occurs during
contact with the part.

3. Tool material -Based on the tool material and the
part material combination there will be changes in the
cutting parameters. Tool material can be either;

HSS ~-high speed steel
CAR —carbide tool

4. Number of teeth —the operator must input the number
of teeth on the tool in order to aid in the cutting
parameter estimations.

S. Tool diameter —-in certain cases a tool will have a
certain diameter ex. drills, end mills, etc. In other
circumstances the tool'diameter will indicate the hole
diameter required prior to using the tool.

Ex. Boring operation —-prior to a boring operation a
hole must exist of a least a certain value to allow
clearance of the tool during operation. Other operations
would include; Internal keyways and Tapping.

6. Tool Width —the width of the tool to perform the
operation. (mm)

7. Tool nase radius -most machining operations have
individual cutters that come in contact with the part, each
of these cutters has a radius associated the it’s tip this

radius must be inputted to aid in generating
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feeds for the aperation (mm).

8. Maximum metal removal rate -For a particular
operation using a certain tool on a machine there will be a
maximum amount of metal which can be removed in a minute
based on the part material being 1020 steel. This metal
removal rate must be inputted to allow for an estimated
machine time for the machine/operation/ tool combination.
(mm3/minute)

9. Maximum depth of cut —-the maximum depth of cut which
can be made in a single pass where the part material is
1020 steel is inputted (mm). For some operations such as
drilling, reaming, and tapping the maximum depth of cut
refers to the length of the tool.

10. Tolerance attainable —-in order for the system to
select appropriate tools the system must know the tolerance
which.the tool can achieve for the process on the
particular machine. (mm)

11. Surface Finish —the system must also know the
surface finish which the machine/process/tool combination

can achieve. (Rms)
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COMPONENT DESCRIPTION

As indicated in the report a modular approach to
machine description was taken that allows the matching of
operations required for a particular class of operations to
particular machine files. This process greatly speeds up
the generation and selection phase of the program. The
individual modules will be described for the system which
have been completed.

The system has been designed for the description of
both rotational components as well as prismatic componenté.
Rotational components are components which require

external turning operations on a lathe to create there
external features. They may include internal rotational
features to be machined by a baring 6peration. Al so
included are drilling operations and both internal and
external keyway cutting. Other features cannot be described
by the system, nor can machine tool selection take place
for other features on a rotational component. Prismatic
components are components which require mostly none
rotational machining. The majority of features are a block
type. The system also includes drilling operations thch

may be perfaormed on any surface of the component.
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General Information

Upon entering the system the operator must input
certain general information which includes;

1. Date -the current date

2. Name —the name of the operator running the

system

3. Part number —~the number of the part which the

operator will be describing.

4. Part name —the name given to the part.

S. Part material —the material the component is made of
will affect the estimation of cutting time and machining
parameters so the material must be inputted. The materials
which the operator has a choice of inputting arej;

a. Cast Iron
b. 1020 Carbon steel
€. 4140 Steel
d. Brass
6. Maximum production rate or minimum cost
—the operator indicates the ranking of the machine
selected for each of the processes, based on either minimum
cost or maximum production rate.

7. Type of part (Rotational/Prismatic) -based on this

input the system will begin to prompt the operator for the

appropriate information on the features of the part.
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Rotational Component Description

Along with the Yes/No questions asked by the system as
shown in Table 5.2 the operator must input certain specific
-information for the description of the individual features

in a class.

First Class —-External Turned Surfaces

In this class of there can be two forms of
features, stepped, and tapered as illustrated in Figure
S.6. The information required from each feature is given<
bel ow.

Stepped Features -a step feature consists of
a cylinder of uniform diameter along the axis of the part,
the required inputs are;

-Length, and Tolerance

~Diameter, and Tolerance

—~Surface Finish

Tapered‘Features —-a tapered feature unlike a
stepped feature has a diameter which changes as you travel
the length of the feature. The change is uniform along the
length of the part.

The inputs required are;
—Length, and Tolerance

-~Start Diameter, and Tolerance
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—Finish Diameter, and Tolerance

=Surface Finish

As can be seen there is no need to input the location
of the feature since the description starts at one end of
the part and the features across the part are inputted as
they appear on the part.

Once the operator has finished the description of the
external features the system prompts for the description of

the internal features.

Second Class —Internal Turned Features
In this class of features there are three sub
classes;
Features that extend the length of the part
Features that originate from the reference end
Features that originate from the none reference end
Where the reference end is determined by the
operator prior to describing the component and must remain
the same throughout the description.
Each class of internal shapes are described using

the same features as the External Turned Feature class.
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Third Class —Parallel Drill Holes
In this class of features the operator inputs the

description of drill holes which are parallel to the axis
of the part. Here as above the drill holes can originate
from the reference end or the opposite end. The additional
information required is listed below.

Distance From end

On/0ff the axis

Diameter, and Tolerance

Depth, and Tolerance

If the Drill Hole is Threaded

Fourth Class —External Drill Holes

In this class the information required is the same
as above, éxcept the question of being On/0ff the axis is

not asked.

Fifth And Sixth Classes —Internal/External Keyways

In these two classes of features the operator must
indicate if there are any internal/external keyways to be
machined. If there were no internal features (class two)
the system will skip the internal keyway portion. The
information required to describe'the features arej;

Width of Keyway

Length of Keyway
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Depth of Cut

Distance From Reference/Opposite End.

The above describes the input required from the

operator to describe the features of a rotational component

Prismatic Component Description

This next section takes you through the possible
information for the description of a prismatic component
and the features to be removed to create the desired

finished product.

First Class —~External Surfaces -

The operator must input the surfaces of the
component which require machining. The operator inputs a
rectangular box to indicate the area to be machined,
although the actual material may not be a rectangle. The
input includes;

-lL,ength

-Width

—Depth, and Tolerance

~Surface Finish.

No tolerance is required for the length and width since
it is assumed that the rectangle travels the length and

width of the surface.
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Second Class —External Features

The operator inputs the features otnér tneh -~
surfaces to be machined. Here the operator must first
select the feature to be machined from one of the
following; Rectangle, Triangle, Trapezoid, Rhomboid, and
Portion of a Cylinder. Upon selection the operator must
input the Description of the feature. A complete listing of

the required input is found in Appendix D.

Third class ~Internal Turned Features

In this class of features the operator uses the
same terms as in the internal features for rotational
components. The system asks the operator to indicate the
axis which the feature is parallel to so the system can

determine the orientation of the features.

Fourth Class —-Drill Holes

The last description is of the individual drill
holes to be machined on the component. The features are
divided into six sub-classes, two for each of the three
axis of the part, since they can be either in the pbsitive
or negative direction relative to the axis.

The information required for each hole includes;
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-Drill Diameter, and Tolerance
=Drill Depth, and Tolerance
—Surface Finish

-If the drill hole is threaded.

As shown above the entire component can be easily
described in terms of the above features to the system. The
input is easy to follow and understand and the operator
should have no trouble using the system to aid in the

selection of appropriate machine tools.
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APPENDIX B

FLOW CHART AND LISTING OF

MACHINE DESCRIPTION PROGRAM
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C START )

INPUT # OF MACHINES

FOR EACH MACHINE

INPUT MACHINE CHARACTERISTICS

INPUT # OF PROCESSES FOR EACH MACHINE

FOk EACH PROCESS

INPUT PROCESS CHARACTERISTICS

INPUT # OF TOOL FOR EACH PROCESS ON EACH MACHINE

FOR EACH TOOL

INPUT TOOL CHARACTERISTICS

DETERMINE FILES TO STORE INFORMATION

WRITE TOD FILES

NEXT TOOL

NEXT PROCESS
NEXT MACHINE

|
(o)
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SOURCE

PRECISION= 7

AUTODEF=0FF

OPTION BASE=0

ERL=OFF

ERRORMODE=LOCAL

RESUNE=LINE

FORNDDE=BB

SCOPE=ON

PROCS=0

STRUCTURE: MMM
INTEGER: 33, NT
REAL: LLL,DDD,KD,HGT,T0L,SuF,TC
REAL: TM,TTD,TH, TNK, EFF,0C, SC, TAA
STRING: COMBL163,GIMI161,RULEC1E], MNST16), TNS[16)
REAL: HF,LUT,EBDN, NRR

END STRUCTURE

MMMN: P3

INTEGER: M,F,1,PPA,d,PPF,Td,K
STRING: NMST161,TTT$[163
REAL: AA,BB,CC,DD,EE,FF,66
REAL: HH,11,JA,KE,LL,H¥,NK, 00
REAL: PP,0G,MNR,DA

INTEGER: T1,F1,F2,F3,F4
INTEGER: F5,F&,F7,F8

STRING: YY[16],Cecl16)

"MRIN Prograe;

10 *THIS PROBRAM MUST BE DIVIDED UP TD CREATE SEPERATE FILES FOR DIFFERENT
20 *TYPES OF MACHINING OPERATIONS SINCE IT NAS FOUND THAT FOR LARGE
30 "DATABASES THE TIME TO SEARCH ALL THE RECORDE WITH A MICRO-COMPUTER
40 'WOULD TAKE TD MUCH TIME

50 CLS

60 CLOSE

70 PRINT "NUMBER OF MACHINES IN THE SHOP®

80 LOCATE 1,32:INPUT * *;M

90 DPEN °C:AAA® AS 81 LEN=SIZE(P3{)

100 READ RECORD #! 1 P31

110 LET F1=P31.NT+i -

120 CLOSE

130 OPEN *C:BBB" AS 31 LEN=SIZE(P31)

140 READ RECORD 8! § P3!

150 LET F2=P3{.NT#1

160 CLOSE

170 OPEN *C:CCC* AS 41 LEN=SIZE(P31)

180 READ RECORD #1 1 P31

190 LET F3=P31.NT+}
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200 CLOSE

210 OPEN *C:DDD® AS 41 LEN=SIZE(P3!)
220 READ RECORD #! § P3

230 LET F4=P31.NT+{

240 CLOSE

250 OPEN *C:EEE® AS #1 LEN=SIIC(P31)
260 READ RECORD #1 1 P31

270 LET F5=P31.NT+1

260 CLOSE

290 OPEN *C:FFF® AS 41 LEN=SIZE(P31)
300 READ RECORD 81 § P3!

310 LET Fo=P31.NT+]

320 CLOSE

330 OPEN *C:666" AS #1 LEN=SIZE(P31)
340 READ RECORD #! 1 P3!

350 LET F7=P31.NT+!

360 CLOSE

370 CLS

38C F1=2:F2=2:F3=2:F4=2:F5=2:Fb=2:F7=2
390 FOR 1=1 TO M

400 CLS

110 PRINT °NACHINE NUMBER=*

420 PRINT "HORSE POWER OF NACHINE®

430 LOCATE 1,17:INPUT ® * MM$

440 LOCATE 2,24:INFUT * *,AR

450  PRINT "NUMBER OF PROCESSES WHICH CAN BE PERFORMED ON MACHINE®;MMs
460  PRINT *I5°

470 LOCATE 4,4:INPUT * *,PPA

480  PRINT:PRINT

490  INPUT *IS ABOVE CORRECT (Y/N)*,YY

500 IF YY="N" THEN GOTO 400

510  CLS

520 FOR J=t T0 PPA

530 CLS

540  PRINT *PROCESS NUMBER®

550  PRINT "CLAMPING DEVICE®

560  PRINT *SET UP COST ($)°

70 PRINT *OPERATOR COST ($/HR)®

580  PRINT "TIME TO LOAD AND UNLOAD PART (MIN)®

5§90  PRINT *EXPECTED BREAK DOMN MULTIPLE®

00 PRINT "EFFIENCY AT THE SPINDLE (1)*

810 PRINT *MAX LENGTH OF PART (ma)®

820 PRINT *MAX DIAMETER OF PART (ma) IF APPLICABLE ELSE 0)°
830 PRINT "MAX NIDTH OF PART (ms) IF APPLICABLE ELSE 0)°
40 PRINT *MAX HEIGHT OF PART (am) IF APPLICABLE ELSE 01"
850  LOCATE 1,16:INPUT ® *,PPP

650  LOCATE 2,17:INPUT ® *,Ccc

470 LOCATE 3,17:INPUT ® *,BB

680 LOCATE 4,22:INPUT * *,CC

490  LOCATE 5,36:INPUT * *,DD

700 LOCATE &,30:INPUT * *,DA
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710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
840
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
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LOCATE 7,29: INPUT * *,EE
LOCATE 8,25:INPUT * °,FF
LOCATE 9,49: INPUT * *,66
LOCATE 10,446: INPUT * ",HH
LOCATE 11,47¢INPUT * ", 11
PRINT *NUMBER OF TOOLS WHICH ARE AVAILABLE TO PERFORM PROCESS®*;J
PRINT *15°
LOCATE 13,4:INPUT * *,T)
INPUT *1S ABOVE CORRECT (Y/N)*,YY
IF YY="N" THEN 6070 530
FOR K=1 TD T3
CLS
PRINT "TOOL NUMBER®
PRINT *TDOL COST OF MACHINING ($/HR)"®
PRINT *TOOL MATERIAL®
PRINT °*NUMBER DF TEETH ON TOOL®
PRINT *TDOL DIAMETER (mm) IF APPLICABLE ELSE 0°*
PRINT *TOOL WIDTH (ma) IF APPLICABLE ELSE 0°
PRINT *TDOL NOSE RADIUS (s} IF APPLICABLE ELSE 0"
PRINT "MAXINUM METAL REMOVAL RATE (cu.me/ain.)"
PRINT *MAXIMUM DEPTH OF CUT (mm}*
PRINT "TOLERENCE ATTAINABLE (am)"
PRINT *SURFACE FINISH ATTAINABLE (RMS)®
LOCATE 1,$3: INPUT® °,TTT$
LOCATE 2,31:INPUT = *,JA
LOCATE 3,1S5: INPUT " *,KK
LOCATE 4,25:INPUT * *,TT
LOCATE 5,41:INPUT * *,LL
LOCATE 6,38s INPUT * *, NN
LOCATE 7,44: INPUT * *,NN
LOCATE B8,41:INPUT * °,MHR
LOCATE 9,27: INPUT * *,00
LOCATE 10,27: INPUT * *,PP
LOCATE 11,33:INPUT * *,00
PRINT:PRINT
INPUT *I5 ABOVE CORRECT (Y/N)*,YY
IF Yy="N* THEN 6DTD 820
P31.JJ=PPP:P31.TOL=PP: P34, SuF=0Q: P31, LLL=FF:P31.DDD=66:P31. ND=HH
P31, H6T=11:P38, TC=JA: P31, TH=KK: P31, TTD=LL: P31, TW=HN: P31, TNR=NN
P31.TAA=00:P31.EFF=EE:P31,0C=CC:P31.5C=BB: P31, HP=AA: P31, LUT=DD
P31 ANS=TTT$: P31, TNS=NN$:PI{ . HRR=MNR: P31 . EBDN=DA: P31 NT=TT
P31.COMB=Ccc
IF PPP={ OR PPP=2 THEN BOSUB 14540
IF PPP=3 DR PPP=5 OR PPP=4 THEN &0OSUB 1510
IF PPP=3 DR PPP=B DR PPP=A OR PPP=9 OR PPP=7 OR PPP=10 THEN GOSUB 1560
IF PPP=B OR PPP=% DR PPP=10 THEN BOSUB 1610
IF PPP=13 OR PPP=16 THEN BOSUB 1440
IF PPP=15 OR PPP=16 OR PPP=17 OR PPP=18 OR PPP=19 OR PPP=20 OR PPP=2{ THEN 60SUB 1710
1F PPF=8 DR PPP=11 OR PPP=12 THEN &DSUB 1740
CLs
NEXT K
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1220 NEXT 3

1230 NEXT 1

1240 P31.NT=F1

1250 F1=1

1260 6OSUB 1450

1270 P31.NT=F2

1280 F2=)

1290 605UB 1510

1300 P31.NT=F3

1310 F3=!

1320 605UB 1540

1330 P31.NT=F4

1340 F4=1

1350 60SUB 1410

1340 P31.NT=F5

1370 F5=1

1380 6OSUB 1640

1390 P31.NT=Fb

1400 Fa=1

1410 60SUB 1710

1420 P31.NT=F7

1430 F7=1

1440 OSUB 1740

1450 STOP:END ~

1460 OPEN *C:AAA® AS #1 LEN=SIZE(P31)
1470 WRITE RECORD #1 F1 P31

1480 F1=F1+1

1490 CLOSE

1500 RETURN

1540 OPEN *C:BBB® AS #1 LEN=SIZE(P3{)
1520 WRITE RECORD #1 F2 P31

1530 F2=F241

1540 CLOSE

1550 RETURN

1560 OPEN *C:CCC® AS 81 LEN=SIZE{P31)
1570 WRITE RECORD #1 F3 P31

1580 F3=F3+{

1590 CLOSE

1400 RETURN :
1610 OPEN "C:DDD" AS #1 LEN=SIZE(P31)
1420 WRITE RECORD #1 F4 P31

1630 FA=Fd+|

1640 CLOSE

1650 RETURN

1460 OPEN *C:EEE® AS #1 LEN=SIZE(P31)
1470 WRITE RECORD #1 FS P31

1680 F5=F5+1

1490 CLOSE

1700 RETURN

1710 OPEN *C:FFF® AS #1 LEN=SIZE(P31)
1720 WRITE RECORD #1 Fb& P31
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1730 Fo=Fb+l

1740 CLOSE

1750 RETURN

1760 OPEN °*C:GBE" AS #1 LEN=SIZE(P3!)
1770 WRITE RECORD #1 F7 P34

1780 F7=F7+1

1790 CLOSE

1800 RETURN

ENDFILE
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APPENDIX C

DESCRIPTION FOR ROTATIONAL COMPONENT
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DESCRIPTION FOR A ROTATIONAL COMPONENT

1. Are there any external turned features (y/n)

If no go to question 2.

Starting from one end of the part describe each feature.

ia. Is feature stepped/tapered (s/t)
If t goto 1b.
Input; Length of step, Tolerance
Diameter, Tolerance

Surface Finish

ib. Input; Length of taper, Tolerance
Start diameter, Tolerance
Finish diameter, Tolerance

Surface Finish

2. Are there any internal turned features (y/n)

If no goto question 3.
2.1 Does the feature pass through the part (y/n)

If no goto question 2.2

Starting from one end of the part describe each
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feature.

2.1a Is feature stepped/tapered (s/t)
If t goto 2.1b
Input; Length of step, Tolerance
Di ameter, Tolerance

Surface Finish

2.1b Input; Length of taper, Tolerance
Start diameter, Tolerance
Finish diameter, Tolerance

‘Surface Finish

2.2 Does feature originate from reference end (y/n)
If no goto question 2.3

Starting from one end of the part describe each feature.

2.2a 1Is feature stepped/tapered (s/t)
If t goto 2.2b
Input; Length of step, Tolerance
Diameter, Tolerance

Surface Finish

2,2b Input) Length of taper, Tolerance

Start diameter, Tolerance
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Finish diameter, Tolerance

Surface Finish

2.3 Does feature originate from reference end (y/n)
If no goto question 3

Starting from one end of the part describe each feature.

2.3a 1Is feature stepped/tapered (s/t)
If t goto 2.3b
Input; Length of step, Tolerance
Di ameter, Tolerance

‘Surface Finish

2.3b Input; Length of taper, Tolerance
Start diameter, Tolerance
Finish diameter, Tolerance

Surface Finish

3. Are there any drill holes parallel to axisA(y/n)

I¥ no goto question 4

3.1 Do they originate in the direction of the reference end
(y/n)
If no goto question 3.2

Input; Number of Drill holes
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For each drill hole Input; Length, Tolerance
Diameter, Tolerance
Threaded (y/n)
Surface Finish
Distance from center axis

Distance from reference end

3.2 Do they originate in the direction of the bppnsite end
(y/n)
If no goto question 4
Input; Number of Drill holes

For each drill hole Input; Length, Tolerance
Diameter, Tolerance
Threaded (y/n)
Surface Finish
Distance from center axis

Distance from opposite end

4. Are there any external drill holes (y/n)

If no goto question 5.

Input; Number of Drill holes
For each drill hole Input; Lengfh, Tolerance
Di ameter, Tolerance
Threaded (y/n)

Surface Finish
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Distance from reference end

S. Are there any internal keyways (y/n)

If no goto question 6.

Input; Number of internal keyways

For each internal keyway Input;

Start distance from Reference end

Length, Tolerance
Depth, Tolerance
Width, Tolerance

6. Are there any external keyways (y/n)

If no stop

Input; Number of internal keyways

For each internal keyway Input;

Start distance from Reference end

Length, Tolerance
Depth, Tolerance
Width, Tolerance
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APPENDIX D

DESCRIPTION OF PRISMATIC COMPONENTS
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DESCRIPTION OF PRISMATIC FEATURE CLASSES

1. Input the description of the raw material
Rectangle
Triangle
Trapezoid
Rhomboid
Input the dimensions for each raw material

form.

2. Are there any external surfaces to machine (y/n)

If no then goto question 3.

Input number of surfaces
For each surface Input; Length
Width
Depth, Tolerance

Surface Finish

3. Are there any external features to machine (y/nf

If no then goto question 4.

Input number of features

For each feature Input;
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Feature (rectangle, triangle, trapezoid,
rhomboid, portion of cylinder)
Based on feature Input; Dimensions, Tolerances
Surface Finish
X, Yy Z coordinates of end of

feature. Direction of travel (X, Y, 2Z)

4. Are there any internal features to machine (y/n)

If no goto question S5.

Input number of groups
For each group

Input number of features in the group

4.1 Starting from the external surface is the
feature stepped or tapered (s/t)
If t then goto 4.2
Input; Length, Tolerance
Diameter, Tolerance

Surface Finish

4.2 Input; Length, Tolerance
Start Diameter, Tolerance
Finish Diameter, Tolerance

Surface Finish
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5. Are there any external drill holes (y/n)

If no then stop

5.1 Are there any in positive x direction (y/n)
If no goto question 5.2
Input; Number in direction
For each drill hole Input; Length, Tolerance
Diameter, Tolerance
Threaded (y/n)

Surface Finish

5.2 Are there any in negative x direction (y/n)
If no goto question 5.3
Input; Number in direction
For each drill hole Input; Length, Tolerance
Diameter, Tolerance
Threaded (y/n)

Surface Finish

5.3 Are there any in positive y direction (y/n)
If no goto question 5.4
Input; Number in direction
For each drill hole Input; Length, Tolerance
Diameter, Tolerance
Threaded (y/n)

Surface Finish
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5.4 Are there any in negative y direction (y/n)
If no goto question 5.5
Input; Number in direction
For each drill hole Input; Length, Tolerance
Di ameter, Tolerance
Threaded (y/n)

Surface Finish

5.5 Are there any in positive z direction (y/n)
If no goto question 5.6
Input; Number in direction
'For each drill hole Input; Length, Tol erance
Diameter, Tolerance
Threaded (y/n)

Surface Finish

5.4 Are there any in negative z direction (y/n)
If no then stop
Input; Number in direction
For each drill hole Input; Length, Tolerance
Diameter, Tolerance
Threaded (y/n)

Surface Finish
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APPENDIX E

EXAMPLES FROM ALT1 SYSTEM
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6
/f"""-"
_________________ -
i 2
""""""""" [ R—
3 4 ' 5 2

1

PART # 9871 PART NAME — SPINDLE

COMPONENT INFORMATION,

Part Name = SHAFT
Part Number = 124
Start Diameter = 110 mm
Start Length = 400 mm
lot size = 200
material = cast iron

100 mm
50 mm
40 mm
200 mm
100 mm
100 mm
20 mm

Features, 1

CULDUN

Surface Finish = 60 Rms
Tolerance = .02 mm
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60MPDNENT INFORMATION,
Part Name = Center
Part Number = 1427
Start Diameter = 120 mm
Start Length = 180 mm .
Material = 4140 steel
Lot Size = 100
Features, 1 = 40 mm 2 =
I = 30 mm 4 =
S = 60 mm b =
7 = 25 mm 8 =
Q@ = 100 mm 10 =
i1 = 35 mm 12 =
13 = 45 mm 14 =

Surface Finish = 50 Rms
Tolerance = .02
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COMPONENT INFORMATION,

Part Name = Shaft
Part Number = 9871
Start Diameter = 110 mm
Start Length = 400 mm
lot size = 200
material = cast iron
Features, 1 = 100 mm
2 = 50 mm
I = 40 mm
Ia = 200 mm
4 = 100 mm
S = 100 mm
& = 920 mm

Surface Finish = 60 Rms
Tolerance = .02 mm
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OPERATOR:

PART NAME:

D. MELOCHE

LOT SIZE:

SPINDLE

DATE:

APRIL 11/8B87

L2222 22222231 222222222 22 22222222222 XYY TSRS ZTNTSTTZZLLLILIRILILLITIIZ Y YT YR YEYY PN POy ¥ Ve

Y T Y Y Y T Yy Y Y Y YT YV Y ¥
OPERATION REQUIRED TO GENERATE

THE EXTERNAL FEATURES

EI X2 XL X222 22 2222 2222222222222 22

TOOLS AVAILABLE FOR TURNING

MACHINE
.
c-1802
c-1802
c-1802
C-1802
1-24
F-37
J-19
C-1802
c-1802
C-1802
F-37
C-1802
F=37
J-19
C-1801
H-24
M-24
J-19
c-1801
c-1801
Cc-1801
M-24
J-19
H-91
B-30
C-1801
£-1800
H-91
C-1800
B~30
J-19
C-1800
C-1809
B-30
C-1800
A-3Y
A-4%

TagL
L]

TUC-833
TUC-821
TUC-p13
TUH-AZT
TUC-C19
TUH~C41
TUC-P11
TUR-A21
Tuc-p11
TUH-A11L
TUC-B12
TUH=-a7
TUH-C11
TUuc-p17
TUC-C17
TUH-B17
Tuc-n17
TUH-CZ1
Tuc-c”
TUH-H&
TUC-Cc9
TUH-D11
TUH-C17
TUC-C3S
TUC-HI1
TUH-HZ
TUC-P2Z
TUR-C13
TUH-»7
TUC-H1s
TUH-C1
Tuc-gp1
TUH-AZ
TUH-HM14
TUH-n
TUC-al1
TUH-AL19

TIME PER
PART
&,3224935
5.6747%
6.8Z4205
&4.71722028
7.09040%
6.674378
7.002697
7.002697
T.002697
T OIFOI0S
&6.217223
7.18055
7002697
7.368%66
7.2732%3
7.56764
7.36764
7.446566466
7.368366
7.3547448
7.26744
7.88922%
7.778782
7.778732
7.671636
7.88922%
7.28764
8. 120428
7.671636
8.1205628
B8.I67207
?.88922%
8.1.06.8
B.8I0Z02
8, 49686
8.912273
?.214%577

TOTAL
TIME
1704, 399
1724.87
1766.841
1783, d68
1758, 081
17%54.37
1720.3329
1800.54

tBun. S
1818, w8t
1803, 488
18256. 11
1820, 33
17793.713
18543.4647
1853,.323
1833.528
1813.3252
t873.713
1913.5238
1915.528
1917,.84%
18735.79
1913, 756
1924.727
1977.84%
2017.528
1984.126
L034,32
an248.126
1993,441
077.845
2124.126
T136.1
199,332
2182.453
2242.208

TOTAL

cosT
481.8179
499,208
499,0399
03,3797
303.5141
04,008
T04,.8612
508,093
08, 349
$12.9332
%17.0911%
$17.2122
522.149
%25. 1047
S38.6964
TI29.3622
29.9196
%T0.1204
$33.9663
$44.8318
584,.9712
47,1297
%47.3713
53.7149
953.9322
F62.6025
J&9, 2809
972.4651
%74,7079
578,766
579.8976
£87.0212
599.5147
606.6459
6230,.2903
440.5453
&37.29869

AVE

CosT
2.409089
2.43104
2,4952
2.516898
2.31737
2.32008
2,3524306
2.540465
2.541743
2.364874
2.38903%7
2.3893561
2.610743
2.625524
2.46434827
2.6866811
2.649398
2.650602
2.669832
2.724139
2.724836
2.733648
2.736857
2.768374
2.74966
2.813013
2.846205
2.86272
2.8733Z9
2.89383
2.899348
2.9335106
2.997574
3.033229
3.1014353
3.202726
3.286985

DEPTH
{mm)
9.999
7.3326
%.9994
B.4646%8
11.9988
7.33268
10. 656356
%5.9994
3.9994
4.56662
S.9994
2.64464
3.9994
8. 66358
7.9992
10.6656
10. 46635
8. 656%8
3.3328
S.3328
3.333
$.3328
7.3326
3.333
7-9992
2.6664
7.9992
1.3332
S.9994
8.566562
3.333
3.333
3.9996
3.333
1.9998
8. 4606

-
Do s

Rough cut
FEED SPEED
(nm/RPM) (mam/min)
.48 33333.33
.34 62T66.84
«26  97435.89
.48 36037. 69
.28 46794.87
.3 42545.4%
«42 33033.71
.34 72349.02
.16 231250
) 120329.7
-ab 96135.84
.16 337500
.34 2349.02
.28 37692.3
- 34 $2203.68
.28 43535.71
.18 70833.33
36 44230.77
28 100941.3
3 84999.99
.18 225666.7
.2 121875
.28 &9230.77
.14 282837.1
«26 54423.08
.2 243720
.26 63384.62
-1 944999.9
32 69791.566
.18 150000
.18 203333.3
.16 243750
.28 131230
.18 196666.7
.138 379746.8
o8 7122
.4 137300

Finish cut

FEED SPEED
(mm/RPH) (mm/min)
.12 34646, 87
.083 4£8823.33
&.5E-02 107179.3
.12 395663.46
6.5E-02 D14a74,.3%
. 123 44800
- 103 3633%.29
. 083 79803.92
4 ,0E-02 234373
&.ZE-02 132382.6
6.2E-02 1037869.2
4,0E-02 371230
.085 79803.92
.07 63461.354
083 37426, 47
.07 50089.28
4,5E-02 77916.686
9.0E~02 48653.8%
&,5E-02 111037.7
.073 93499.99
4,%E-02 249333.3
.03 134062.9
&.SE-02 756153.8%
.033 311142.8
6.5E~02 708463.39
.03 268173
6.JE-02 71923.08
023 1039500
8.0E-02 74&770.84
4,JE~02 163000
4.ZE02 223564.7
4,.0E-02 268123
<04 144373
4,5E-02 216333.3
.0393 a417721.3
.08 78373
.06 1512350

ORINDING
REQUIRED

PR P P P S s P R

~ 6%1
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COMPONENT INFORMATION,
Part Name = Center
Part Number = 1427
Start Diameter = 120 -mm
Start Length = 180 mm
Material = 4140 steel
Lot size = 100
Features, 1 = 40 mm 2 = 20 mm
I = 30 mm 4 = JI0 mm
S = 60 mm & = 60 mm
7 = 25 mm 8 = 75 mm
2 = 100 mm 10 = 18 mm
11 = 35 mm 12 = 45 mm
13 = 45 mm 14 = 90 mm

Surface Finish = 50 Rms

Tolerance

«.02 mm
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PART NAME: CENTER
OPERATOR: D. MELOCHE DATE: APRIL 16/87

LOT SIZE: 100

.....”..'....l.’..I.'.‘.'.....IlC..Q....Q....O.’..'...l.'......".Q“.".......Q...I..’....’...C."'..‘..’m

(2222122222222 122222222 ey

OPERATION REQUIRED TO GENERATE
THE EXTERNAL FEATURES

(X222 222222222222 2222222 T 22Xy

TOOLS AVAILABLE FOR TURNING

. Rough cut Finish cut
HACHINE TooL TIME PER TQTAL TOTAL AVE DEPTH FEED SPEED FEED SPEED GRINDING
» [ ] PART TIMNE COoSY casT (mm) tmm/RPM) (mm/min) (mm/RPM}  (ma/min) REQUIRED

Cc-1802 TUC-823 S.08131 708.121 207.,.4064 2074068 19,9 .48 33333.33 .12 3b65656.67 Y
c-1802 TUuc-831 %.191087 719.1087 210.4%27 2.104%27 7.7 .34 25566.84 .08% 58823,.53 Y
Cc-1802 TUC-B1S T.306643 70,0642 213.639% 2.1346%94 6.3 oab 97435.9 6.5E-02 107179.3 \{
c-t1802 TUH-AZZ T 36673 TI6.872 21501341 2.151441  9.099999 .48 36057.69 .12 39663. 46 Y
c-1802 TUH-AZ] %.328442 747,.3444 215.8%32 2,168242 6.3 .38 72%49,02 . 083 79803.93 Y
C-1802 Tuc-811 5.428447 742.34434 217,039 21703937 4.2 .16 221230 4.0E-~02 2TATTI Y
M=-24 TUCc-C19 S.491847 717.1848 217.2241 2.172241 12,6 «2b 456774.88 6.,3E-02 H1474.3% Y
c-1802 TUH-AL1 %.491847 Tae, 847 2i18.5114 2.185611 4.9 ezb 120329.7 6.ZE-02 132362.7 Y
€-1802 TUH~-A7 . 357011 -l B 20,4168 J.204168 2.8 .16 337200 4.0E-02 371270 Y
F-37 TUH-C41 T.191087 ST1.3027 Z.215027 7.7 -4 42343, 46 . 125 44800 Y
J-19 TUC-811 S.43844°3 733,403 2.284094 11.2 .42 33073.71 . 103 36339.29 Y
M-24 TUH-E17 %.3T68T6 226.3222 <.354222 11.2 .28 45333. 71 .07 30089.29 Y
F=37 Tuc-p12 Se 26077 225.6508 2.266308 6.3 <26  96153.8% 6.TE-02  1037469.2 Y
M-24 TUC-D17 %.832687% 2246.3291 2.2%828 1t.2 .18 70833.34 4.ZE-02 77916.48 Y
C-t801 TUC-C17 S.624M12 752, 40011 227.311 z.27811 8.4 .28 =20%.88 .083 37426.47 Y
F-37 TUH-C11 S.4783a% 7=2.3444 -28.0892 2.280893 4.3 .34 72349.02 .08% 79803.93 Y
C-1801 TUC-C? T u92928 769. 229.7283 2.297238 3.6 .25 100961.3 &.JE~02 111037.7 Y
H=37 JUuc-DI12 T. 993928 ST1.1723 2.311723  10.5 .28 s8323.33 .08 bR16&. 66 Y
J-19 TUC-B17 T.092926 231.7701 2,.317701  9.999999 .2 T7692.31 .07 63461.53 Y
4-24 TUH-D11Y 6. IL6FT0S Te.a872 2.328772 8.6 .2 121873 .05 134062.5 Y
J-19 TUH~-C21 %. 762873 =33%.44%8 2.334438  9.099999 .36 44230.77 ?.0E-02 48433.8% Y
c-1801 TUH-HE <.3TLATS IIT.86226 2.3T6226 T.6 .2 87000 .073 93300 Y
Cc-1801 TUc-Cc9 %.3T6876 782.0876 2TT.7223 2.337233 3.5 .18 226666.7 4.ZE~02 249333.3 Y
B~30 TUC-H11 T. 212012 7912012 LI3.96% Z. 789638 8.4 & 54433.08 &.ZE-02 708465.39 Y
H-47 TUuc-C11 %.989447 778.7367 237.417 J.294191 7.7 16 112200 4.0E~02 1237%0 Y
J-19 TUH-C17 %.9893,57 78,2447 239.7113 2.297115 7.7 .26 &69220,.77 6.JE~02 76133.83 Y
c~-1ang TUH-HZ &, 069T0T e, 3TOS 240, 07%9 2.34007T9 2.8 .2 2W3I7T0 .03 268173 Y
H-91 TUc-Cag T.789867 778.748467 280, 5153 2.4035133 3.5 .14 <828357.1 <033 311142.8 N
c-1800 TuCc-82 %.376876 8IT.6870 284,220 2.482237 B.9 o2 6£3384.862 6.S5E-02 71923.09 Y
C-1800 TUH~w3 3. 712012 841.ZMm2 286. 1083 2.361087 4.3 .2 &9791.67 8.0E-02 7&770.84 Y
H-91 TUH-C13 &£.2T4678S 803, 2533 47,274 2.47274 1.4 .1 943000 02T 1039300 N
B-30 TUC-H1s 6£.276283 822.0784 2687.9914 2.4779914 4.9 .18 130000 4.ZE~-02 163000 N
H-4a7 TUH~C10 &.3T24271 812.4271 243,.43528 =.484323 2.t .12 442837.2 .03 487142.9 Y
C-1800 TUC-81 6. 06970% 836, 7705 2T0.584 2.20684 3.3 .18 282T7z0 4,0E~)2 2568113 Y
J-19 TUR-C1 65.414873 801,487 221.93337 2.51333 P~ .18 203333.3 4.ZE-02 JTT6646.7 Y
C-1800 TUR-a2 6.226283% arvT.2t8e 5T. 1152 2.551152 a2 a8 1312 .06 144373 Y
B8-30 TUHM-H14 a. 605160 d6v.5167 238,095 2.5800°% 7.8 .18 196666.7 4.E-02 2163735.3 N
C-1800 TUH=-wt 6£.508314 Amy, 3413 I62.023% 2.636¥8% .3 .1%3  379746.3 L0293 A17721.3 Y
A-dZ TUC-~21 o.39828 3B, eHTT S.718Z32 7 .o 712% .06 78373 Y
Lo 1 TUH=-x17? T.IT28 .7 - P31l .S . ) 13750 .Ub 1351220 1 4
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GRINDING TOOLS AVAILABLE

MACHINE ToOL TIME PER TOTAL raraL AVE DEPTH FEED SPEED
* » PART TIME COST COST (mm) {mm/RPM) (RPM)
EG-40 ERG-E3J S5.428443 742.3444 216.8542 2.168342 4.3 .34 72349,02
EG-40 ERG-E21 S.364673 736.673 215. 1441 2.131441 9.099999 .48 36057. 6%
EG-40 ERG-E14 J.306443 730.56642 213.46593 2.1348594 &.3 28 97435.9
EG-25 ERG-E17 S. 191087 719.1087 210.452 2.1043527 7.7 .34 62564.84
€6-23 ERG-E14 5.08131 708.131 207.40648 2.074064 10.5 .48 33333.33
P22 X222 2322222222 22222222 24
OPERATIONS REQUIRED TO
GENERATE INTERNAL FEATURES
WHICH PASS THROUGH THE PART
RBERRRERRERBRBRBRBRRBTERBAERRREN
DRILLING RECORDS AVAILABLE
MACHINE . Toon TIME PER TOTAL TOTAL AVE FEED SPEED
] " PART TIME cosT COSsT (mm/RPM) (mm/min)
K~21 DRH-AZ8 .278035 167.30%5 61.464884 . 6166884 .14 2298.972
I-11 DRH-D31 . 2780353 177.4036 64.351886 . 6451886 .134 2089.973
H-47 DRH-A1S .24671846 196.7185 71.02829 -.7102429 9.8E-02 3348.457
Cc-1801 DRH-H11 . 2885339 04,8544 71,0623 < 710623 .126 2816.403
M-24 DRH-DZ . 2740355 217.4073 75.81612 .7381612 .136 2534.413
A~90 DRH-HI11 . 2428931 214.289%5 79.18B497 « 7918497 . 1354 2357.92
BORING RPECORDS AVAIABLE
ROUGH CUT FINISH CuT
MACHINE TOOL TIME FER TOTAL ToTAL AVE Toou FEED SPEED FEED *SPEED
» " PART TIME casT [asichy DEPTH (mm/Rpm) (mm/min) (mm/Rpm) (mm/min)
A-90 BOH~D3 « 7549737 2B85.4978 95.71432 . 9571432 1.4 <12 630000 .03 715000
F=37 ROC~-C19 .7345355 2635.655% 98. 13034 . 9815034 4.2 .28 105357.1 .07 115892.9
F=37 BOH-B1Z .7349379 26%.3938 98.65572 .9863572 1.4 .14 357142.9 L0353 612837.2
C-1802 BOH-C1 . 75797359 26%9.7976 99.74173 9994174 2.8 .18 212300 4.5E-92 233750
GRINDING TOOLS AVAILABLE
MACHINE TooL TINME PER TOTAL TOTAL AVE TOoL TooL TaoL
» » FART TIME cosT CcOosT DEPTH FEED SPEED
16-10 IRG~13 J6.6 960 1338.28 13.3824 1 2.3 9200
1G-10° IRG~13 72.6 7560 2523 25.23 -] 1.25 335200
(M

TIME TAREN TO RUN PROGRAM= 12,37&637

~ 981

GRINDING
REQUIRED

<ZT<<
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COMPONENT INFORMATION,

Part Name = Spindle
Part Number = 124
Start Diameter = 125 mm
Start Length = 350 mm
Material = Brass
Lot size = 300

Feature, 1 = 100 mm
2 = 50 mm
I = 150 mm
4 = 100 mm
S = 100 mm

Surface Finish = 30 Rms
Tolerance = .02 mm

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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GRINDING TOOLS AVAILABLE

MACHINE Toou TIME PER - TOTAL T0TAL AVE DEPTH FEED SPEED

» L FART TIME CosT CasT (mm) (mm/RPHM) (RPM)
EG-40 ERG-E33 .6 1200 459 1.53 3.4 8.75 6£628.571
EG-40 ERG-ELé .6 1200 45 1.53 3.4 8.75 6628.571
EG-40 ERG-E21 - 1200 4359 1.33 3.4 B8.75 6628.571
TIME TAKEN TO RUN PROGRAM= 3, 622694 (MIN)

- 861
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APPENDIX 6

FLOW _CHART OF SYSTEM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DESCRIBE FEATURES

STORE ON FILE

DESCRIBE FEATURES

STORE ON FILE

DDES THE
FEATURE START AT
REFERENCE END
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DESCRIBE FEATURES

STORE IN FILE

FEATURE START AT
OPPOSITE E

DESCRIBE FEATURES

STORE IN FILE

RE THER
1 N PARALLEL DRILL
HOLES

Y

IN DIRECTIO

J N OF REFERENCE
END

Y

DESCRIBE FEATURES

STORE IN FILE

|
O
IN DERECTIO
OF OPPOSITE

END
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O,

DESCRIBE FEATURES

STORE ON FILE

DESCRIBE FEATURES

STORE ON FILE

RE THER
ANY INTERNAL
KEYWAYS

Y

DESCRIBE FEATURES

STORE ON FILE

RE THER
ANY EXTERNAL
KEYWAYS

DESCRIBE FEATURES

STORE ON FILE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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START

THERE ANY TURNED

SELECT APPROPRIATE MACHINE RECORDS

STORE ON FILE

THERE ANY INTERNA

DOES THE
FEATURE PASS THROUGH
THE PART

Y

SELECT APPROPRIATE MACHINE RECORDS

STORE DN FILE

|

P

DDES THE
FEATURE START AT
REFERENCE END

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 165 -

SELECT APPROPRIATE MACHINE RECORDS

STORE IN FILE

DOES TH
FEATURE START AT
OFPOSITE E

SELECT APPROPRIATE MACHINE RECORDS

STORE IN FILE

ARE THERE
PARALLEL DRILL
HOLES

OF REFERENCE
END

SELECT APPROPRIATE MACHINE RECORDS

STORE IN FILE

O———=
IN DIRECTION
OF OPPOSITE

END

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SELECT APPROPRIATE MACHINE RECORDS

STORE ON FILE

SELECT APPROPRIATE MACHINE RECORDS

STORE DN FILE

ARE THER
ANY INTERNAL
{EYWAYEC

SELECT APPROPRIATE MACHINE RECORDS

STORE ON FILE

ARE THERE
ANY EXTERNAL
KEYWAYS

SELECT APPROPRIATE MACHINE RECORDS

STORE ON FILE

‘ STOP )

@
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( START ’

FOR EACH CLASS
OF FEATURES

CALCULATE MATERIAL
TO BE MACHINED

REDUCE NUMBER
DF ALTERNATIVES

CALCULATE MACHINING
FPARAMETERS

CALCULATE COST OF
EACH ALTERNATIVE

NEXT CLASS OF
FEATURES

(O—lgm >

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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O

FOR EACH TURNING
OPERATION

FOR EACH EXTERNAL
GRINDING OPERATIDN

FOR EACH DRILL
OPERATION

FOR EACH BORING
DPERATION

FDR EACH INTERNAL
GRINDING OFERATIODN

CALCULATE COMBINED
TOTAL COST

TRANSFEFR DATA
TD ARRAYS

NEXT INTERNAL GRINDING ALTERNATIVE J
NEXT BORING ALTERNATIVE

NEXT DRILLING ALTERNATIVE
NEXT EXTERNAL GRINDING ALTERNATIVE

NEXT TURNING ALTERNATIVE

PRINT TOF
ALTERNATIVES

< STOFP >
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FOR EACH CLASS
OF FEATURES

RANIT ALTERNATIVES BASED
ON MINIMUM COST

OR MAXIMUM PRODUCTION
RATE

NEXT CLASS OF
FEATURES

FOR EACH CLASS
OF FEATURES

PRINT PROCESS PARAMETERS
FOR EACH OPERATION
REQUIRED

NEXT CLASS OF
FEATURES

( STOF ’
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APPENDIX H

LISTING OF PROGRAMS
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SQURC:
1 CLE
20 PRINT TARIIDY "rpandn it s st T sy st s gy sgssysatys”
¢ PRINT TRE:IDY "% 1
40 PRINT TAE(12y "¢ EELECT THE DPTION THAT VDU RISH T2 USZ INM 1"
o0 PRINT TARLIDY "% THE PROTESS PLAN BENERATION PACKASE t
60 PRINT TAR{12} "% t"
7¢ PRINT TRE(I2} "3 CRERTED PY DAVID WELDCHE 3"
B0 PRINT TRRLIZY “t FALL 1985 "
110 PRINT TREIL2) "% 1
120 FRINT TARCIDY "1 L EDIT MAIHINZ RECORDZ g"
30 PRINT TRRULZD MT < CREATE MATHINE REICORD FILE t
150 PRINT TAR(ID) *3 o JETEPMINE 700. SELECTION (ALTD) t"
156 PRINT TRE(12) "3 &, DETERMINE YOOU SELETTION (ALTI) "
160 FRINT TAR(12) "3 ©. . RETURN 7C DO3 {"
100 PRINT TAR(12) "8 L &
200 PRINT TARI12) "t 1"
210 PRINT TAR{I2) *t SELECTION 1
220 PRINT TARL12) "1 1"
230 PEINT TREI2Y 8 (PRESS RETURN AFTER SELECTION) "

250 FRINT TAR(12) “YRESRRTssesssstsssssssssttssssstssssssessssrsssasass
260 LOCETE 16,30

270 INPUT *v:fbS

275 AE=VAL (AbS)

28 17 AB=: CHAIN "ENACH

200 IF &B=2 CHAIN *MACH"
300 1F £E=7 CHEIN GERERATEY
310 IF Ab=& CWRIN °EOTH®
320 IF RB=T GVETZM
<3 BOTC 10
330 STOP:END
ENDFILE
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SQURLE
PRECISION= 7
A4TApEF=n '

pETION BASESD

ER_=0E5

ERRORMDDE=L0TAL

RECLME=L THE

FORMGDE=RE

SoCee=ln

PR3Z5=0

ST 0ITJREy pemy
NTESZS: JINT
FES1 oon ORI WD, HET, TOL, Se5,7C
REAL: TH,TTL,TH,TNR.EFF,OC,SC, TAA
STRING: LOPEE.cZ,E!%:iél,F;LE:‘c,.Hhs 163, THSTLE?
FEAL: HF,LUT EEDN MRE

END ETRUCTLERE

MmMm: P3Y

INTECER: ¥,F,1,PFR,J.PPP,TL,E
STRINz: Mesiicl,TTT8116)
REAL: ﬁn.B:,:C,DL,.-,FF,:S
FEAL: KH, 11,5, KL, LL,Nn NK,O0
REAL: Fﬁ GL, PME, Dr

INTESER: TT,FI,:Z,:Z,F4
INTEGEFR: FE,Fe,F7,FE

STRIRE: YV[ieo,Ceclld]

"MAIN Praop-em

$¢ ’THIS PROSRZF MUST BE LIVIDED UF TT CREATE SEPER

#TE FILZS FOFR DIFFERENT

20 'TYPES OF MACHINING OPERATIONS EINCE IT WAE FCUND THAT
30 *DATABASES THE TIME 70 SEARCH ALL THE RECORDS WITH A MICRI-C 5

30 'WOULD TAKE TC MUCH TIME

90 CLS

5¢ CLOSE

7G FRINT *NUMEER OF MACHINES IN THE SHOP®
8C LOCATE 1,32:INPUT * ";M

90 OPEN "C:AAA® AS 31 LEN=SIZE(P3i)
100 READ RECORD %1 1 P31

110 LET F1=P31.NT+]

120 CLOSE

130 OFEN °*C:BBS" AS #! LEN=SIZE(P31)
140 READ RECDRD &! ! P31

150 LET F2=P31.NT+4

160 CLOSE

170 OFZk °C:CCC" AS #1 LEN=EIZE(PTL)
180 READ RECORD &1 } P3!

190 LET FI=P3L.NT+L
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200 £LNSE
240 D7k *C:DDD* AS 4! LEN=SIZE(P31)
220 REAT RECOST 41 1 £31

230 LET Fa=PI1, Nt

a2 CLoeE

250 QFEN "CEEST AC §r EMSIIELPTLS
260 REAL RECORD ¢ { P31

27¢ LET FE=PIs, NT+;

286 CLOSE

290 0PEN SCIFEE® AT §r LENC1TZ(PIL)
300 REAL RECORL & @ F3:

340 LET Fg=PI1, NT+:

220 CLOSE

730 OPEN *L:GEE" A5 21 LEN=SIIZ(PIL:
T4¢ FEAD RECORD 8¢ ¢ F3I

350 LET F7=F71,NTH

760 CLO3E

370 LS

380 Fl=liFz=mTIe2
3% FOF 1=: TC K
4500 .8

41 PRINT "MACHINE NUMEE®='

420 PRINT *HORSE PONZF OF MACHINE®

43¢ LOCATE §,17:INFUT * * MM

340 LOCATE 2,24:INPUT * *,AA

450  PRINT *NUMPEF OF PROZESSES RHICH CAN BE PERFORMED ON MATHINE®;NM$
450  PRINT *IS®

470 LOTATE 4,41 INPUT * *,PRA

450 PRINT:PRINT

490 INPUT *I3 AZDVE CORRECT (Y/N)®,YY

56 IF YY="N* THEN BOTG 400

510 CLS

520 FOR J=1 TO PPA

530 (LS

€ PRINT *PROCESS NUMBZR®

550 PRINT "CLAMFINZ DEVICE®

S50 PRINT *SET UF COST ($)*

570 PRINT *DPERATOR COST ($/HR)®

590 PRINT *TIHE TO LDAD AND UNLOAL PART (MIN)®

590  PRINT “EXPECTEL BREAY DONN MULTIPLE®

500 PRINT “EFFIENCY AT THE SPINDLE (%)

51¢  PRINT "MAY LENGTH OF PART (ax)®

620 FRINT "MAX DIAMETER OF PAKT (aa) IF APPLICABLE ELSE 0)*

530 FRINT *MAY WIDTH OF PART (mo) IF APPLICABLE ELSE 0)°

530 PRINT *MAX HEIGHT OF PART (as) IF APPLICABLE ELSE 0)°

850 LOCATE 1,1&:INPUT * * FFP

660 LOCATE 2,17:INPUT * *,Ccc

870 LOCATE 3,17:INPUT * *,BB

680  LOCATE 4,22:INPLT * *,CC

890 LOCATE 5,36:INPUT * *,DD

700 LOCATE 6,30:INPUT * *, D8
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710 LOCATE 7,283 INPLT ® *,EE
720 LOCATE B,25:INPUT * ' \FF

730 LOCATE G 490 INPUT * ° BE

740 LOCATE 10,46 INPUT * * HH

750 LOCATE 11,470 INRUT = » 1]

75¢ PRINT ®NUMBZE OF TOOLE WHICH ART AVAILABLE TC PERFORM PROCESE™:d
770 PRINT "I5"

780 LOCATE 1Z,4:INPUT * *,T0

7%¢ INPUT *IE ARDVE COPRZCT (Y/K:*,YY

ot IF Yy="N" THEN &0TC 530

B10 FOR ¥=2 70 %0

820 cLe

g30 PEINT °TODL NL®BEF®

846 FRINT *TO0. £OST OF MACHINING (S/HR!®

B50 PEINT *TDOL MATERIAL®

Eal PRINT *NUMESE OF TEETH QN TOOL®

870 PRINT °T00. [IAMETER (az' IF APPLICABLE ELSE (*

Ban PRINT *T00. WIDTR (s&) IF APPLICRELE ELSE (°

gge PRINT *T00. HOSE RADIUS (e} IF APPLICABLE ELSS ¢*

200 PRINT *MAYIMUY METAL REMOVAL RATE (cu.me/gin.)®

91( PRINT *MAXIMUM DEGTH OF CUT (mz)®

e20 PRINT *TOLERENCE ATTAINAE.E (re)®

930 PRINT *SURFACE FINISH ATTAINABLE (RMS)*

940 LOCATE 1, 13: INPUT® *,TTTS

95 LOCATE 2,33¢ INPUT * 34

950 LOCATE 3,15: INPUT * * KK

§7¢ LOCATE 4,25:INFUT * *,T7

98¢ LOCATE 5,413 INFUT * *,LL

99 LOCATE 6,381 INPUT * *, BN

1000 LOCATE 7,44: INFUT * * NN

1010 LDCATE B,4L: INPUT ® *,MNE

1020 LOCATE ©,27: INPLT * *,00
1030 LOCATE 10,27: INPUT ® *,PF
1040 LOCATE {1,33:INPUT " *,00
1050 PEINT:FRINT

1050 INPUT IS ABOVE CORRECT (Y/H)*,YY
1070 IF YY="N* THEN 60TC 820

1080 P31.JJ=PPP:F31,TOL=PF: P31, SuF=00:P31,LLL=FF:P3L,DDD=65:PIL, Wi=HH
1090 PIL.HET=I1:P31, TC=JA: P31, TH=KE s P31, TTD=LL P34, TH=MN: P31, TNR=NN
1100 P31, TAR=00: P31, EFF=EEsF31,0C=CC:P31.SC=BR: P31, HP=AA: P31, LUT=DD
1110 P31, MN$=TTTS: P31, TNS=NMN$: P31, NRR=NNFR: P31, EBDN=DA: P31 NT=TT
1120 P34.COMB=Cce

1130 IF PPP=1 DR PPP=2 THEN G6DSUB 1440

1140 If PPP=3 QOF PPP=5 OR PPF= THEN BOSUS 1510

1150 IF PPP=3 DR PPP=B OF PPP=4 OR PPP=9 QR PPP=7 OF PPP=10 THEN GOSUE 1350
1160 IF PPP=B OR PPP=3 OR PPP=10 THEN GOSUE 1410

1170 IF PPP=13 OR PPP=1% THEN BOSUE 1660

1180 IF PPF=15 DR PPP=16 DR PFF=17 OR PPP=1B OF PPF=1% OR PPF=20 OF PPP=21 THEN BOSUE 1710
1190 IF PPP=R OF PPP=11 OF PPP=12 THEN GDSUE 1740

1200 LS

1210 NEXT K
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t3 ra

20 NEXT
30 NEXT I

240 PILNT=FI

125¢ Fi=|

1250 BOSUE 1460
127 S31MT=F2

1287 F2=3

1290 ECEUR 1510
1300 P2L.NT=F3

1316 £2=1

1325 BOEUR 1560
1330 #21.NT=F2

1380 Fas;

TELO30SUR 1810

r— e s

et
1367 F2IN7=FT
137 £33

1380 §O5F 1560
1300 P3;,17=7¢

1400 Fa=1

1410 828 1Ti0

142¢ B3I N7=E7

1430 FI=!

1440 §OSUE 1740

1450 8TPSIENT

§450 DPEN *npiade ae §1 |EN=GIZE(P31)
1470 KRITE RECORD £: F! ®31

1480 Fi=F1+41

1490 CLOSE

1500 RETUEN

1545 OPEN *C:BBR" AS #1 LEN=GIIEPI:
£20 WRITE RECORD ! FZ P31

1530 F2=F2+1

1540 CLOSE

155¢ RETURN

1560 OPEN *C:CCC™ AS #1 LEN=SIIE(F3L
1570 ¥RITE RECORD ¢1 FI P31

1580 F3=F3+1

1590 LLOSE

1600 RETURN

1610 OPEN *C:DDD® AS #i LEN=SIZE(P31)
1620 WRITE RECORD ¥ F4 P31

1630 FA=Fh+1

1640 CLDSE

1650 RETURN

1660 OPEN *C:EEE® AS #1 LEN=SIZE(P3})
1670 WRITE RECORD #! FS P31

1680 F5=F5+1

1690 CLOSE

1700 RETURN

1710 OFEN *C:FFF* AS #1 LEN=SIZE(P31)
1720 WRITE RECORD &! F& P31
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730 Fa
M SH
1750 PETY
TS

N

175¢
oIS

S BDOLEN=BIIE(PTY)
TE 1 F7 RS

1780 F7=F741

{790 CLOSE

1BOT RET!

ENDEILE
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soueze
PRECISION= 7
AUTIDEF=DFZ
0¥TI0N BARE=0
ER_=0F
ERRORMDLE=LCCAL
RESUME=LINE
FORKCDZ=Bz
§COFE=2K
PROC3=0
STRUTTURE: mnnN
INTZEERY OO, NT

Riko: LLL,T00, K, HET, TOL,80f, TC

REAL: Tv,77L, 7k, TNS,EFF,0C,SC,TAR

- 177 -

STRINS: COMECZ=Z,5IMILel, RULETIET MNSLLET, TNSILS]

REAL: HP,LUT,EBD, KRR
END STRUCTURE

MpMh: P24

INTEBER: K,F,1,PPA,J,PPP, T, K
STRINE: MNST163,T T$[16)
REAL: #4,BE,CC,DD,EE,FF,6E
REAL: HH,11,38,FK,LL, MK, NN, 00
REAL: PF,BG,MNE,DA

INTEGER: TT,F3,F2,F3,F4
INTEGER: FS,F&,F7,FE

STRING: YYL162,Ceclle)

"HAIN Frogram:

16 CLS

20 PRINT:PRIKT
36 FRINT *

40 PRINT *

50 PRINT *

€0 PEINT *

70 PRINT *

80 PRINT *

90 PRINT * !
100 FRINT *
110 LOCATE $2,20: INPUT *SELECTION
120 CLS

§30 IF N=3 CHAIN *MENU®

140 OPEN °C:RAA" AS &1 LEN=SIZE(F3

130 READ RECORD #1 1 P31
150 F1=PIINT
170 CLOSE ¢

2. ELININATE A MACHINE

¢
'
t 1. ADD AN ADDITIONAL MACHINE
L
t 3. RETURN T NAIN MENU

I’H

*CHAIN TO MAIN HENU

1)

180 OPEN "C:BEB* AS 8! LEN=SIZE(P31)

190 READ RECORD ¥! 1 P31

FRESTASERIRSSRLIRNT RS TRILTRORASROONIRSIISIINLILSL”
PROERAK TO EDIT THE MACHINE RECORDS

"
'.
tl
,I
’l
‘I

SRERELRLAITBLITITLRSLLLIITLASLILIILARIINILILILING"
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200
210
220
220
240
280
280
270
280
290
k{t¢
I1e
32

hed ¢
-

JAL
250
360
37¢
I8¢
390
400
41¢
429
43¢0
450
550
487
370
48¢
45¢
500
- &1t
520
£30
540
£50
540
S70
S80
£90
$00
610
$20
630
640
650
660
£70
4B¢
£90
700

..178..

F2=PTL.NT
CLosE
OFER *C:CCC™ AT #1 LEN=SIZE(PIYL

READ RECORD #1 1 P31

Fi=P31NT

CLOSE

OFER *C:DOL* AS #1 LEN=SIZE(RIL)

READ RECORD #: 1 P31

F4=P31.NT

CLOSE

0PEN *C:EEE® AS #! LEN=SIZE(P!)

REAL RECORD £1 1 P31
Fo=FILLNT
CLOSE
OFEN "C:¥FF" AS ¥1 LEN=EIZE(PI)
REAL RECCRD £1 § F3I
FesPILNT
CLOSE
CPEN °C:BGE" AZ #1 LEN=SIZE(FI1}
REAL RECORL &1 1 °31
F7=F3L.NT
CLOSE
IF #={ 6
IF =2 §
8CTC 10
CLS
C1=F1411F 2222415 F3=F T+ i F4=F 44|
FE=F5+11Fa=Fa+13FT=F7+]
PRINT "NUrBER OF MACHINES TC BE ADDED TO THE SHOF*
LOCATE 1,22:INPUT * “iM
FOR I=1 TO M
CLS
PRINT *MACHINE NUMBER=*
PRINT *HORSE POKER OF MACHINE®
LOCATE I, 17:INPUT * * HHS$
LOCATE 2,24: INPUT * ", AA
PRINT *NUMBER OF PROZESSES NHICH CAN BE PERFORMED ON MACHINE®;MM¢
PRINT *I5°
LOCATE 4,4:INPUT * *,PPA
PRINT:PRINT
INPUT *15 ABOVE CORRECT (Y/N)®,YY
IF Yy="N* THEN 60TD S10
CLS '
FOR J=1 T0 PPA
CLE
PRINT *PROCESS NUMBER®
PRINT *CLAMPING DEVICZ®
PRINT *SET UF COST ($)°
PRINT °DPERATOR COST ($/HR)®
PRINT ®TIME TO LOAD AND UNLDAD PART (MIN)*
PRINT *EXPECTED BREAK DOWN MULTIPLE®

SUE 450
g

c
OSUE 1920
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710
720
736
740
750
76¢
77C
780
790
8oc
e10
B2
g0
Bag
BEG
Y
g7¢
REC
gs0
900
g10
820
g30
040
950
940
970
980
)
1000
1010
1020
1030
1040
1050
10&C
1070
108¢
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
120¢
1210

- 179 -

PRINT "EFFIENCY AT THT SEINDLE (%)®
PRINT *MAY LENGTH OF PART (me)"
PRINT "KAX DIAMETEF OF FART (ne) IF APPLICABLE ELSE 0°
PRINT "MAX WIDTH OF PART (ms) IF APPLICABLE ELSE 0)*
PRINT "MAX HEIGHT OF PART (me} IF APPLICAELE ELSE 0)*
LOCATE 1, 16: INFUT * * ppe
LOCATE 2,172 INPUT * * e
LOCATE 3,47: INFUT * *,BE
LOCATE 4,22:INPUT * *,CC
LOCATE §,3&: INPUT * *,DD
LOCETE ¢,30: INOUT © *, DA
LOCATE 7,20: INPUT * *,E2
LOCATE B,25: INFLT * * FF
LOCATE ®,45: INFUT * *, B
LOCATE 16,451 INPUT * * HH
LOCATE 11,47:INFLT * #,0
PRINT *NUMEZE OF TOOLS WHICH ARE AVAILABLE TO FERFORN PROCESS®;)
FRINT *1e*
LOCATE 1Z,4:INFUT * *\TJ
INFUT “1S ABOVE CORRECT (Y/N)*,YY
IF Yv="N* THEN BOTO 640
FOR k=1 TC TJ

CLe

PRINT *TDO. NUMEZR

PRINT *TO2L C3ST OF MACHIMINE ($/HR)"

PRINT *T0OL MATERIAL’

PRINT *NUMBER OF TEETH OX TooL®

PRINT *TOOL DIANETEF (mm) IF APPLICABLE ELSE 0

PRINT *TO0L KIDTH {az) IF APPLICABLE ELSE 0O

PEINT *TO0L NDSE RADIUS (as) IF AFPLICABLE E.SE 0°

PRINT *KAXIMUK METAL REMDYAL RATE (cu.ee/ein.)®

PRINT *MAXIMUN DEPTH DF CUT (sm)*

PRINT *TOLERENCE ATTAINABLE (sg)®

PRINT *SURFACE FINISH ATTAINABLE (RMS)®

LOCATE 1,13 INPUT® *,TTTS

LOCATE 2,345 INFUT * *,JA

LOCATE 3,15:INPUT * * KK

LOCATE 4,25¢ INPUT * *,TT

LOCATE 5,41: INPUT * *,LL

LOCATE &,38: INPUT * *, MY

LOCATE 7,44: INPUT * *,NN

LOCATE 8,415 INPUT * *, MR

LOCATE §,27: INPUT * *,00

LOCATE 10,27: INPLT * *,FP

LOCATE 11,33:INPUT * *,00

PRINT:2RINT

INPUT 15 ABOVE CORRECT (Y/N)®,YY

IF Yy="N* THEN 6OTO §30

P31, J02PPP: P31, T0L=PP:F31, SuF=00: P31, LLL=FF P31, DOD=EE: P31, KD=HH

P31, HBT=11:P31, T0=0A:P3L, TH=KKI P31, TTD=LL: P31, TW=NN: P31, THR=NN

P21, TAR=00: P31, EFF=EE:P31, 0C=CC:F31, SC=BE:P3 1, HP=AR: P31, LUT=DD
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220 PO MNE=TTT: B30 TRE=NNE: FTY, MRF=NMF:POL  EEDN=DAIPTL NT=TT

183¢ FIi,COME=Cer

1250 IF PPP=! OF PPP=Z THEN BOSUE 1370

1200 I¥ FFP=C CR PPP=T OF PPP=t THEK EOSUE 1€20

12:¢ 17 PPE=3 OF FPR=E 0F PPF=4 [R PPP=9 O PPP=7 OR PFP=1C THEN BOSUE 1€7C
£27¢ IF PPP=£ OF PPP=% QOF PPF=1( THEK BOSUE 1720

1287 e ope={T QR FRP=1g THEN EDEUE 177C

129¢ IF PPe=iE QOF PPP=1t OF PPR={7 OF PPP=1f OF PPP=19 OR PPF=20 OF PFF=11 THEN EDSUE 1620
1304 If PPP=B OF FPP=t! OF PPF=12 THZM E£OSUR 1ETO

1310 gLs

132¢ RzXT K

133 NEXT

1344 NEXT 1

S350 FILLNT=F

1380 Fi=g

1370 BCEUE (270

1380 #T1NT=F2

139¢ F2=1

1437 £d8JF 152¢

LELD FLINT=FS

Y
1
"
—a

1425
1830
1340
145¢
téc.
1570
148(
1455
150
{s1e
152¢
183
154(¢
180
1540
157¢
1380

[ et
Tmorve
N sa
oo
> ~J

<

e €1y = (2
UL e w -2

T LY T TO (T Y

EDEH LE7C
RETU=N
CPEN 4D:54F° AT B

WRITE RECORD €2 F.

LEN=SIZE(PTL)

1590
1600
1610

Fi=F141
CLOSE
RETURN
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1620 OFEN "C:BBE® A5
1630 WEITE RECORD !
1650 F2=F2+4

1650 CLOSE

1650 RETURN

1670 OFEN *C:CCC* AS
1680 WRITE RECORD 41
15690 FI=F3+{

1700 CLOSE

1710 RETURN

1720 OPEN "C:DDD" AS 41

LB
F2

JEIRTY

IEPCY)

LEN=S1
p3t

LEN=SIZE(P31)
F31

LEN=EIZE(F3!}

. Further reproduction prohibited without permission.



- 181 -

1750 WRITE RECORD &3 F4 934
1740 Fd=F4s;

(75 CLOSE

176; RETURN

177¢ OPEN "CiEEE™ AS 81 LEN=SIIS(PIL
1780 KRITE RECORE #1 F5 P2y

1793 FS=F5+1

1800 CLOSE

1810 RETURN

1820 GPEN *C:FFF* RS #1 L
1630 WRITZ RECORD €1 Fb F2
1840 Fozre+!

185¢ CLOSE

1863 RETURN

$1670 DFEN *LiBGR* A5 §1 LEN=EIZE(FI1)

188C WRITE PECORL 4! F? F3I

1830 F7=F74!

150¢ CLOSE

191C ESTURN

1020 L1

1922 INRYT® MACHINE 7O BE ELININATED  * Mm$
1940 4=2

1950 OPEN *C:A84" AT & LEN=SIZZ(FIN)

1040 FOP 122 7 F1

1970 READ RE! aas i 1 F3i

1986 15 Y, TNs-H THER 6OTO 2610

1390 KRITE RECORD #1 % F34

2000 M=Mel

2017 KEXT 1

LI L TRNTL I
O L H

2070 RTITE RECOFD 411 PY

204( SL2SE

0T LET Fi=k

RO &

2077 CPEN *L:BRE™ AC 2! LEN=CIZEIF31)
2063¢ FCR 1=2 TC F2

2090  READ RECORD #1 ! F3!
2100 IF P31, TN$=MM$ THEN BOTC 2130
2110 BRITE RECORD #1 K F31
2120 m=M+t
2130 MEXT !
2140 FII.NT=N
2150 WRITZ RECORD 41 1 P31
2:60 CLOSE
2170 LET F2=NM
2B M=2
216 JPEN *C:TCC* AS 81 LEN=SIZE{P31)
22C¢ FOF 1=2 70 F3
22 FEAD RECORD #1 1 P31
230 IF FI1.TNS=KMS THEN 60TC 2250
2230 WRITE RECORD #1 B PX
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I8 k=hdd
A3 R

2250 FOLNT=N
22°( WRITE RECQRD #1 1 F3!

s-suoroper

AmIn i IT TTow

2300 k=2

oMl QPEN "LeTDO" AS #1 LEN=RITE FCL
020 FOR 122 7D F4

2030 REARD RECOAL #%f @ =1:

T30 IR RIL,THesMrs TRDN STTD 270
2750 KRITE REIICI s WO RLL

k0 Rshed

SRS (- REE

I DO

I3 WTITToRIIORL g1 1 PU

mans = omgy

TV, emwem

ies o TE Siow

"o+ ww- b 2l

‘.1".:‘ ;._.'

T4 osEIk oy AR 31 LENSBIZE(PZD)
2840 FOF 1=2 TG FS

2450  REAL REZORL #1 1 P3)

460 IF BIU TNS=MME THEN 8070 24%¢
247G WRITE RECORD #: M P31

ZABC M=M4!

2490 NEXT 1

2800 FILLNT=N

2017 RRITZ KECODRD #1 ! P

2020 CLO0SE

2050 LET FosM

252G k=2

DI IPIN S[:FFFE a0 3! LER=CIZE(F3!)
060 FOR 12 TC FA

2877 READ RECORD #1 I P

2530 IF FZIL.TN$=NM$ THEKN 6070 2610
2590 KRITE RECORD 31 K F3!

2600 M=M+l

2510 NEXT I

2c20 FILNT=H

2630 WEITE RECORD 41 1 P2!

2640 CLOSE

263C LET Fo=N

2580 M=2

2670 OPEN "C:8GB" AE '1 LEN=SIZE(P3)
258( FOR I=2 T0 F7

2630 READ RECORD 41 1 P!

2700 IF P31, TN$=MKs THEK 6OTO 2730
2710 WRITE RECORD #: K FUL

2720 M=h+}

2750 KEXT 1

2750 FIL NT=N
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1 ] .
et w ‘: A-E e
- ronas
7ol CLOSE
2L TNE LA & I
2770 Ll 7=
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SoURCE
PRECISION= 7

AUTODEF=0FF
OPTION RASE=0
ERL=0FF
ERFORNODE=LOCAL
RESUME=LINE
FORQDE=BE
SCOPE=DN
FROCS=?
REAL: 1,11
STRING: NAMES[?1,DDDDS[?]
REAL: PNU
STRING: PNS[?1,MATS[?)
STRUCTURE: EXTF
STRINE: EF$121,THSI2)
REAL: L,TL,D,TD
REAL: SF,SD,TSD,FD, TFD
END STRUCTURE

STRING: PRS[2]
REAL: LP,DP
STRING: A$[2],B$[2],C$[2,D802),E8(2)
INTEGER: NEF,I,Nif
INTEGER: Nifr,Nifo, DHR, DHO, EDH, INK, EXK
EXTF: P10
STRUCTURE: INTF
REAL: LA, TLA
REAL: DA,TDA,SFA, DA, TSDA, FDA, TFDA
STRING: IFA$[2), THAS[2)
END STRUCTURE

INTF: P11

STRUCTURE: INTFR
REAL: LB,TLB,DB,7DB,SFB,SDB, TSDB,FOB
REAL: TFDB
STRINE: IFRB$L2],THBS[2]

END STRUCTURE

INTFR: P12

STRUCTURE: INTFO
REAL: LC,TLC,DC, TOC, SFC,SDC, TSDC,FDC
REAL: TFDC
STRINE: IFDc$L2),THCST2]

END STRUCTURE

INTFD: FI13

STRUCTURE: DRILLR
REAL: DPD,TDPD,DD,TDD,DISD
ETRING: THDS$[2)

END STRUCTURE
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DRILLE: Fi4

STPUCTURE: DRILLD
REAL: DPE,TDPE,DE, TDE,DISE
STRINE: THe$[2]

ENL STRUCTURE

DRILLO: P15

STRUCTURE: EXDRILL
REAL: EDRF,DPF,TDPF,DF, TOF
STRING: THF$[2)

ENT STRUCTURE

EXDRILL: P16
STRUCTURE: INTREY

REAL: STDG,FNDE, IWDG, TIWDE, IDPG, TIDPG, IKSFE
END STRUCTURE

INTKEY: P17
STRUCTURE: EXTKEY

REAL: STDH,FNDH, EWDH, TEWDH, EDPH, TEDPH, EKSFH
END STRUCTURE

EXTKEY: P1B
INTEGER:
REAL: AA,AAR,BE, BBB, CC,EE, EEE,FF
REAL: FFF, 66,666, HH
STRING: DD$[2),F$L2),68021,Hs12],18[2)
STRING: J$[2],K$[2]
STRUCTURE: DRILLY
REAL: DPN,TDPN,DN, TDN, XN, YN, SFN
REAL: IN
STRING: THNS[2)
END STRUCTURE

DRILLX: P23
INTEBEFR: NS,NEFR,NSS, DHX, DHNX, DHY, DHNY, DH1
INTEGER: DHNL
STRUCTURE: DRILLNX
REAL: DPO,TDPO,DOO,TDO,SFO,X0,Y0,20
STRING: THD$[2]
END STRUCTURE

DRILLNX: P24

STRUCTURE: DRILLY
REAL: DPP,TDPP,DDP,TDDP,SFP,XF,YP,1P
STRING: THP$[2]

END STRUCTURE

DRILLY: P25
STRUCTURE: DRILLNY
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REAL: DPQ,TDPG,DC,TDA,SFE,XB,Y0,10
STRING: THODS[2]
END STRUCTLRE

DRILLNY: P25

ETRUCTURE: DRILLZ
REAL: DPFR,TDPR,DR, TDR,SFR,XK,YK,IK
STRING: THR$[2]

END STRUCTURE

DRILLI: P27

STRUCTURE: DRILLNZ
REAL: DPS,TDPS,DDS, TDDS, SFS, XS, Y5,15
STRING: THS$[2]

END STRUCTURE

DFILLN2: P28

STRUCTURE: INTFEA
REAL: LM, TLM,DH,TDH,SF¥, 5DK, TSDN, FDN
REAL: TFDM, XM, Y¥, IH,NS6
STRING: INFN$[21, THM$[23,NAMSL2),NBN$[2)
STRING: NCMS$L2]

END STRUCTURE

INTFEA: P22
STRUCTURE: EXTS
REAL: LK,TLK,BF, TBK, HK, THK, AK, UBK
REAL: TUBK,LSK, TLSK, SFK, XAK, XBE, XCK, YAX
REAL: YBY.,YCK,ZAY, IBK, ICK
STRING: DIRKS[21,EXSKS[16]
END STRUCTURE

EXTS: P20
STRUCTURE: EXTFE
REAL: LL,TLL,BL,TBL,HL, THL,AL,UBL
REAL: TUBL,LSL,TLSL,SFL,YAL,XBL,XCL,YAL
REAL: YBL,YCL,2AL,2BL,2CL
STRING: DIRL$L2),EXFL$[16,RSLLS$I2],RAESL2)
END STRUCTURE

EXTFE: P21
STRING: SHAPS[103,L$[23,M$[21,Ns[21,0812),P$[21,0$12)
REAL: XXA,XXB
REAL: XXC,YYA,YYB,YYL,174,125,1IC
STRING: R$[2),58[2]
STRING: T$12),US[2)
REAL: CCC
STRUCTURE: Pris
REAL: LT,TLT,BT,TBT,HT,THT,AT
REAL: UBT,TUBT,LSTT,TLST,XAT,XBT,XCT,YAT
REAL: YBT,YCT,ZAT,IBT,1CT
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STRINS: DIRT$[23,PRIST$[16]
END STRUCTURE

Pris: P30

STRUCTURE: At
INTEBER: Al1,R2,A3,A4

END STRUCTURE

Altl: P4C

STRUCTURE: Alt2
INTEGER: BY,B2,B3,B4

END STRUCTURE

Alt2: P4}

STRUCTURE: Alt3
INTEGER: C1,C2,C5,C4

END STRUCTURE

Alt3: P42

STRUCTURE: Altd
INTEGER: D1,D2,D3,D4

END STRUCTURE

Alt4: PA3

STRUCTURE: AltS
INTEGER: E1,E2,EJ,E4

END STRUCTURE

AltS: P44

STRUCTURE: Alté
INTEBER: Fi,F2,F3,F4

END STRUCTURE

Alté: PAS

STRUCTURE: Alt7
INTEGER: 61,62,63,64

END STRUCTURE

RIt7: P4

STRUCTURE: Alt8
INTEGER: H1,H2,H3,H4

END STRUCTURE

AltB: P47

STRUCTURE: AIt?
INTEBER: 11,12,15,14

END STRUCTURE

Alt9: PAB

STRUCTURE: Alt10
INTEGER: J1,d2,J3, 04
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END STRUCTURE

AIE10: POO
STRUCTURE: Alt1l

INTEBER: Hhi,Hh2,HhI,Hh4
END STRUCTURE

Alt1l: PEL
STRUCTURE: AIt12

INTEGER: L1,L2,L3,L4,LS
END STRUCTURE

Rltiz: P2

STRUCTURE: AItI3
INTESER: M1,MZ,M3,M4

END STRUCTURE

Alt13: PSS

STRUCTURE: Alt14
INTEGER: N1,N2,N5,N4

END STRUCTURE

Alt14: PS4

STRUCTURE: AIt1S ‘
INTEGER: 01,02,03,04

END STRUCTURE

Alt15: P55

STRUCTURE: Alt16
INTEGER: F1,P2,P3,P4

END STRUCTURE

Altié: PSb

STRUCTURE: Alt17
INTEGER: 01,02,03,04

END STRUCTURE

Alt17: PS7

STRUCTURE: Alt18
INTEGER: R1,R2,R3,R4

END STRUCTURE

Alt18: PSR
CSTRUCTURE: Maae
INTEBER: Jj,NT
REAL: L11,Ddd,Wd,Hgt,Tol,Suf,TC
REAL: TM,TTD,TH,TNR,EFF,0C,SC,TAA
STRINE: Coabl161,Sim[161,Rulel16],HN$[16], TNST16]
REAL: HWP,LUT,EBDM,MRR
END STRUCTURE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 192 -

Masg: P31

STRING: AA$[14]

INTEBER: AAl,BBY,CCY,DDI,EEY,FF1,B01,R11

INTEGER: 1I1,J01,HHEL,LLY, MM, NNT,008,PP]
INTEGEFR: 081,RR{,MFA,XFB,NFC,HFD, NFE,NFF

INTEBEK: MFGB,Lots

STRINE: Choice$(16]

PEOCEDURE: Mach
END PRDCEDURE

PROCEDURE: Both
END PROCEDURE

PROCEDURE: Mach
EXTERNAL: P30,P20,P21,P22,P25,P24,P23,P26
EXTERNAL: P27,P28,P10,F11,L1,Dp,P12,P13
EXTERNAL: P14,F15,P1¢,P17,P18,P40,F41,P42
EXTERNAL: P43,P44,P45,P46,P47,P48,P50,PS1
EXTERNAL: PE2,PS3,P54,PS5,P55,P57,P08B
INTEBER: A
EXTERNAL: P31
INTEGER: 1,1
INTEBER: J,K,L
EXTERKAL: PRS$,AS,NEF,BS$,C$,NIF
EXTERNAL: D$,NIFR,E$,NIFO,F$,6$,DHR,H$
EXTERNAL: DHO,I$,EDH,J%, INK,K$,EXK,L$
EXTERNAL: NS,Ms,NEFR,N$,NSS,08,P$, DHX
EXTERNAL: B%,DHNX,RS,DHY,S$,DHNY,T$,DHI
EXTERNAL: Us,DHNZ,LP
INTEEER: 21,KK
-REAL: F,DIAM,DIA
EXTERNAL: AAl,BBI,CCI
EXTERNAL: DD1,EES,FF1,661,H11,111,0d1,HHt1
EXTERNAL: LL1,MM1,NN1,001,PP1,001,RR1, HFA
EXTERNAL: MFB,NFC,MFD, NFE,NFF,MFb
10 60TD 40
20 IF PR$="N" 60TD 5960
30 IF As$="N" BOTD 540
40 OPEN *c:ARA" AS #1 LEN=SIZE(P3!)
50 A=l
60 READ RECORD #1 A P3{
70 LET A=P31.NT-1
80 MFA=A
90 OPEN *D:EXTF.DAT® AS #2 LEN=SIZE(P10)
100 OPEN *D:ALT1® AS #3 LEN=SIZE(P40)
110 1=1
120 FOR 1=2 70 A
130 READ RECORD #1 ] P3!
140 IF P31.JJ=1 AND P3{.LLLOLP AND P31,DDDXDP THEN 60TO 140
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150 6070 490°NEXT

160 FOR J={ TO NEF

170 READ RECORD #2 J P10

180 K=0:L=0

190 IF P10.EF$="T" 607D 340

200 IF P31,TDLCP10.TD AND P31,5UF<P10,SF THEN EOTD 300
210 FOR ¥=2 T0 A

220 READ RECORD #1 K P3!

230 IF P31.J3=2 AND P3{.LLLOLP AND P31,DDDXDF THEN 60TD 250
240 6070 280 "NEXT K

250 P40, A1=1:P40,A2=0: P40, A3=K:P40, R4=L

260 WRITE RECORD 45 1 P40

270 1=141

280 NEXT K

299 6070 470 °’NEXT J

300 P40, A1=1:P40,A2=03 P40, AT=K: P40, A4=L

310 WRITE RECORD #3 1 P40

320 1=1+]

330 BOTO 470 °'NEXT

340 IF P31,TOL<P10,TSD AND P31,TOL<P10,TFD AND P3{.SUF{P10.5F THEN BOTD 440
350 FOR ¥=2 T0 A

360 READ RECORD #1 K P31

370 IF P31,30=2 AND P31,LLLOLF AND P31,DDD)DP THEN 6070 390
380 6OTD 420  °NEXT K

390 P40.A1=1:P40.A2=0: P40, A3=K:P40. A4=L

400 WRITE RECORD #3 1 P40

410 1=1+]

420 NEXT K

§30  GOTO 4707NEXT J
140 PAO,A1=1:PAD, A2=0:PA0. A3=K: PAO, Ad=L
450 WRITE RECORD 3 I P40

8o 1141

470 READ RECORD #1 1 P31

480 NEXT

490 NEXT 1

500 AAL=1

510 P40, A1=0

520 WRITE RECORD 43 1 P40

530 CLOSE:E0TD 560

540 IF Bs="N* GOTD 2620

550 IF Cs="N* GOTO 1220

540 OPEN *C:BBB® AS #1 LEN=SIZE(P31)

570 A=t

580 READ RECORD 41 A P3}

590 LET A=P31.NT

600 MFB=A

510 OPEN *D: INTF,DAT* AS 42 LEN=SIZE(P11)
620 DPEN *D:ALT2" AS §3 LEN=SIZE(PA1)
630 1=

640 DIAM=1000000

650 FOR J=1 10 NIF
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660  READ RECORD #2 J P11

670 IF P11,IFA$= *T* 60TD 700

680 IF DIAMMP11.DA THEN DIAM=P11.DA

690  60TO 720

700 IF DIAM>P11.SDA THEN DIAM=P11,SDA

710 IF DIAMDPII.FDA THEN DIAM=P1},FDA

720 NEXT 3

730 FOF I=2 70 A

740 READ RECORD #1 I P31

750 IF (P31.JJ=3 AND PIL.LLLOLP AND F31,.DDD)DF AND P31.TTDCDIAM AND P3{.TTDX(DIAN-3)) THEN
6070 770

760  GOTOD 1160 'NEXT I

770 DIR=P31.TTD

780 FOR ¥=2 TD &

790 READ RECORD #1 K P31

goo IF P31,J9=3 AND P31.LLLOLP AND P31,DDD)DP AND P31.TTDKDIA THEN BOTD 820

810 €0TD 1150 "NEXT K

g20 FOR J=1 TO NIF

830 L=0
a0 READ RECORD #2 J P11
830 IF P11, IFA$="T" THEN &OTD 1000
860 IF P31.TOL<PL1,TDA AND P31.5UFCP11,5FA THEN BOTD 940
870 FOR L=2 TO A
880 READ RECORD #1 L P31
890 IF P31.3J=6 AND P3L.LLL)LP AND P31.DDDYDP AND P31.TTDCDIAM THEN 60TC 910
900 GOTD 940°NEXT L
910 P41,B1=1:P41.B2=0:P4},B3=K: P4}, B4=L
920 NRITE RECORD #3 1 P4}
930 1=1+}
940 NEXT L
950 6070 1130 *NEXT J
960 P41,B1=1:P41,B2=0:P41.B3=K: P41, Bd=L
- 970 WRITE RECORL #3 1 P41
980 1=1+]
990 60TO 1130 TNEXT
1000 IF P31.TOLCP1L.TSDA AND P31.TOLCP11.TFDA AND P31,SUFCP11.SFA THEN 6OTD 1100
1010 FOR L=2 TD A
1020 RERD RECORD #! L P3!
1030 IF P31.JJ=6 AND P31.LLLOLP AND P31.DDDXDP AND P31.TTDCDIAN THEN 60TC 1050
1040 60TO 1080 "NEXT L
1050 P41,B1=1:P41,B2=0:P41,B3=K: P4}, B4=L
1060 WRITE RECORD €3 I P41
1070 1=1+}
1080 NEXT L
1090 6070 1130 TNEXT J
1100 P41.B1=1:P41,B2=J:P41,B3=K:P41,B4=L
1110 WRITE RECORD #3 1 P4l
1120 1=1+1
1130 READ RECORD #1 K P31
1140 NEXT J
1150 NEXT K
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1160 NEXT I
1170 BBl=I-1
1180 P41.K1=0
§19C WRITE RECORD 83 7 P41
1200 CLOSE:60TO 10900
1210 607D 2620°SKIP TO DRILL HOLE SECTION
1220 IF D$="N* 60TO 1910
1230 OPEN *C:BBE® AS #1 LEN=SIZE(P3!)
1240 A=}
1250 READ RECORD #1 A P34
1260 IF P31.TN$="LAST" THEN BOTO 1290
1270 =t}
1280 60TO 1250
1290 f=A-}
1300 MFB=A
1310 DPEN *INTFR® AS 2 LEN =SIZE(P12)
1320 OPEN "ALT3" AS 3 LEN=GIZE(P42)
1330 1=
1340 DIAN=1000000
1350 FOR d=; TO RIFR
1360 READ RECORD #2 J P12
1370 IF P12.IFRBS="T" THEN 607D 1400
1380  IF DIAM)P12.DB THEN DIAM=P12.DB
13%¢  60OTO 1420
1400  IF DIANXP12,SDB THEK DIAM=P12,SDB
1410 IF DIAMMP12.FDB THEN DIAM=P12,.FDB
1420 NEXT J
1430 FOR I=1 TD A
1440  READ RECORD #1 I P3!
1450  IF P34.JJ=5 AND P3L.LLLOLF AND P31.DDDXDP AND P33, TTDCDIAM THEN 5DTD 1470
1460  60TO 1860  "NEXT I
1470 DIA=P31,TTD
- 1480  6OTD 1B&0  °NEXT I
1490 FOR ¥k=1 70 A
1500 READ RECORD #1 K P31
1510 IF P31.J3=5 AND P31.LLLOLP AND P3{.DDD)DP AND P31.TTDCDIA THEN 6OTD 1530
1520 GOTD $1BI0”NEXT K
1530 FOR J=1 TO NIFR

1540 L=0

1550 RERD RECORD #2 J P12

1360 IF P12, IFRB$="T" THEN 60TD 1710

1570 IF P31, TOL(PL2,TDB AND P31,SUF{P12,SFB THEN BOTD 1670
1580 FOR L=1 TO A

1590 READ RECORD #1 L P31

1600 IF P31.JJ=5 AND P31,LLLOLP AND P31.DDD)DF AND P31.TTDCDIAM THEN 60TD 1620
1610 607D 1850°NEXT L

1620 PA2,C1=1:P42,02=]:PA2,L3=K:P42,C4=L

1630 WRITE RECORD 83 1 P42

1640 1=1+]

1650 NEXT L

1660 60TD 1840 TNEXT
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1670 P42,C1=1:P42.C2=0:P42,C3=K: P42, C4=L
1680 WRITE RECORD #3 I P42

1690 1=1+}

1700 60TO 1840 "NEXT J

1710 IF P31.TOLCP12,TSDB AND P31.TOLCP12,TFDB AND P31,SUFCP12.5FB THEN 60TD 1B10
1720 FOF L=1 70 &

1730 READ RECORD #1 L P3!

1740 IF P31, J0=6 AND P3L.LLLOLF AND P31,DDDODP AND P31.TTDSDIAM THEN BDTO 1760
1750 607D 1790  °NEXT L

1760 P42.C1=1:P42.02=0:P42,C3=K: P42, C4=L
1770 NRITE RECORD #3 1 P42

1780 1=1+}

1790 NEXT L

1800 60TO 1840 "NEXT J

1810 P42,C1=1:P42,C2=0:P42,C3=K:P42.CA=L
1820 WRITE RECORD &3 2 P42

183¢ 1=141

1840 NEXT J

1850  NEXT K

1850 NEXT 1

187¢ CC1=1

1880 P42,C1=0
1890 WRITE RECORD #3 2 P42
1900 CLOSE ‘
1910 IF E$="N* 6OTO 2620
1920 1=
1930 OPEN *C:BBB* AS &1 LEN=SIZE(P31)
1940 1F MFB)0 THEN GOTO 2020
1950 A=)
1960 READ RECORD #1 A P31
1970 IF P31, TN$="LAST" THEN GOTO 2000
1980 A=At

" 1990 GOTD 1940
2000 A=A-1
2010 NFB=A
2020 A=MFE
2030 DPEN "INTFO® AS #2 LEN=SIZE(P13)
2040 DPEN *ALTA® AS §3 LEN=SIZE(P43)
2050 DIAN=1000000
2060 FOR J=1 T0 NIFD
2070  READ RECORD 82 J P13
2080 IF P13, IFOCS="T* THEN 6OTD 2110
2090  IF DIAMYP13.DC THEN DIAN=P13,DC
2100 60T0 2130
2110  IF DIAMYP13.5DC THEN DIAM=P13,SDC
2120 IF DIANYPI3.FOC THEN DIAM=P13,FDC
2130 NEXT J
2140 FOR 1=1 T0 A
2150  READ RECORD #1 I P3!
2160 IF P31.13=3 AND P31.LLLOLP AND P31.DDD)DP AND P31,TTDDIAM THEN EOTO 2180
2170  EOTO 2570 ’NEXT 1
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2190
2200
2210
2220
223
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2350
2370
2380
2390
2400
2410
2420
2430
2440
2450
2440
2470
2480
2490
- 2500
2510
2520
2530
2540
2550
2560
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D1A=P3L.TTD
BOTO 257¢ °'NEXT I
FOR k=1 TD &
READ RECORD 4} I P34
IF P31.,30=5 AND P31,LLLOLP AND P31.DDDYDF AND P31,TTDC(DIA THEN BOTD 2240
6070 2560 "NEXT K
FOR J=3 TO NIFD
L=0
READ RECORD 42 J P13
IF PI3.IFDCS="T" GOTD 2420
IF P31.70L<PIS, TDC AND P31,SUF{P13.SFC THEN 60TD 2380
FOR L=t TD A
READ RECORD #1 L P31
IF P31.JJ=b AND F3L1.LLLILP AND P31.DDDXDF AND P3{.TTD{DIAM THEN 6O0TD 2330
BOTD 2340 'NEXT L
P4S, Di=lsPAS. DZ2=0: PAS. D3=K: P43, DA=L
WRITE RECORD #3 I P43
1=1+!
NEXT L
£0TD 2550  *NEXT 3
P43,01=1:P43,02=0:P43,D3=K: P43, D4=L
NRITE RECORD #3 1 P43
I=1+]
BOTD 2550  ’NEXT &
IF P31,TOLCP13,TSDC AND P31.TOL<P13.TFDC AND P31.SUF¢P13.5FC THEN 6OTD 2520
FOR L=1 T0 A
READ RECORD #1 L P31
IF P31.JJ=5 AND P31.LLLOLP AND P3§,DDDYDP AND P31.TTDCDIAM THEN BOTO 2470
60TO 2500  °NEXT L
P43, D1=1:P43.D2=0:P43,D3=K: P43, D4=L
WRITE RECORD #3 1 P43
1=14]
NEXT L
60T 2550 'NEXT J
P43.D1=1:P43,D2=0:P43.03=K:P43.D4=L
NRITE RECORD #3 71 P43
1=141
NEXT 3
NEXT K

2570 NEXT 1

2580 DD1=0

2390 P43,D1=0

2600 WRITE RECORD #3 1 PA3

2610 CLOSE

2620 IF F$="N* 6OTO 4700

2530 IF 6$="N" 6DTD 3440

2640 OPEN °C:CCC* AS #1 LEN=SIZE(P31)
2650 A=t

2660 READ RECORD 41 A P31

2670 IF P31.TN$="LAST® THEN 6070 2700
2680 A=p+]

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 198 -

2690 6070 2640

2700 A=h-{

2710 MFC=A

2729 0°EN "DRILLR® AS #2 LEN=SIZE(P}4)
2730 OPEN “ALTS" At #3 LEN=SIIE(P44)

2740 1=}

275¢ FOR 1=1 TO A

2760  READ RECORD 41 1 P31

2770 IF P21,J3=3 OF P31.JJ=E THEN 6070 2790
2780  6OTC J6I0°NEXT 1

2790 FOR J=1 TO DHR

2800
2810
2820
2830
2840
2850
2850
2870
2880
2890
2900
2910
2920
10 2940
2930
2940
2950
2960
2970
6OTO 2990

2980

" 2990
3000
3010
3020
3030
3040
3050
3050
3070
3080
3090
3100
3110
3120
3130
070 3150
3140
3150
3160

READ RECORD 42 J P14
K=L=0
IF (P31.33=3 OR P3{.JJ=B) AND P14,DISD=0 AND P31,7TD=P14,DD THEN BOTOD 2860
IF P31.J3=3 AND P14.DI1SDYC THEN 60TO 3600 *NEXT J
IF P31,J0=6 ANL P14.DISDM0 AND P31,TTD=P14,DD THEN B0TO 3240
6070 3400 "NEXT J
IF F31.LLLOLF AND P31.DDDSDP AND P31.TTD=P14,DD THEN BOTO 2BB0
60TD 3600 'NEXT J
IF P31.70L<P14.TDD THEN 6OTD 3090
FOP K=1 70 A
READ RECORD #1 ¥ P31
L=0
IF (P31,JJ=4 DR P31.J3=9) AND P3{,LLLOLP AND P31,DDD>DP AND P3L,TTD=P14,DD THEN B0

60TD 3070 "NEXT K
IF P14,THD$="N*® THEN GOTO 3040
FOR L=1 TO A
READ RECORC #1 L P31
IF (P31.J3=7 OR P31,JJ=10) AND P31.LLLOLP AND P31,DDD)DP AND P31,TTD=P14.DD THEN

60TD 3020  °NEXT L
P44, E1=]1:PA4, E2=0sF44, E3=K:PA4, E4=L
WRITE RECORD #3 7 P44
1=1+}
NEXT L
&0T0 3070 "NEXT K
P44,E1=1:P44,E2=]: P44, E3=K: P44, E4=L
WRITE RECORD #3 1 P44
1=1+}
NEXT K
60TD 3600’ NEXT J
=0
IF P34, THD$="N" THEN BOTD 3200
FOR L=t TO A
READ RECORD #1 L P31
IF (P31.J3=7 OR P31.dJ=10} AND P31.LLLOLP AND P31.DDDXDF AND P31.TTD=P14.DD THEN b

60TO 3180  'NEXT L
P44,E1=]:P44,E2=0: P44, E3=K: P44, E4=L
WRITE RECORD #3 1 P44
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3170 1=141

3180 NEXT L

315¢ GOTO 3600 *NEXT J

3200 P44,E1=1:P44,E2=0: P44, E3=Ks P44, E4=]

3210 WRITE RECORD 83 7 PA4

3220 1=1+]

3230 60TO 3600 "NEXT 3

3240 IF P31,LLLOLP AND P31,DDDDP THEN BOTO 3260
3250 6OTD 3600 °"NEXT J

3260 IF P31.TOLCP14,TDD AND P14, THDS="N* THEN GOTO 3470
3270 IF P31,T0LCP14.TDD THEN 60TD 3510

3280 FOR k=1 T0 A

328( L=0

3300 READ RECORD #1 K P31

310 IF P31.J0=B AND P3{,LLLOLP AND P31,DDD>DP AND P34,TTD=P14.DD THEN 60TD 3330
3320 5070 3460 "NEXT K

3330 IF P14,THD$="N" THEN GDTD 3430

padly FOR L=1 70 A

3350 READ RECORD #1 L P3!

3360 IF P31.J0=10 AND P31.LLLOLP AND P31,.DDDYDP AND P31.TTD=P14.DD THEN BOTD 3380
330 6070 J410°NEXT L

3380 P44,E(=1:P44,E2=0: P44, EJ=K: PA4, Ed=L

3390 WRITE RECORD 43 1 P44

3400 12141

3410 NEXT L -

3420 BOTO 3450°KEXT K

3430 P44,E1=1:PA4,E2=0:P44,E3=K:P44,E4=]

3440 WRITE RECORD #3 1 P44

3450 1=1+]

450 NEXT K

3470 P44,E1=]:P44,E2=]: PAA, E3=K: P44, E4=L
3480 NRITE RECORD 33 I P44

. 3490 1=14]
3500 BOTD 3500 ’NEXT J
3510 k=0
3520 FOR L= TD A
3530 READ RECORD #1 L P3!
3540 IF P31,J3=10 AND P31.LLLOLP AND P31.DDDXDP AND P31.TTD=P14,DD THEN 60TD I560
3550 BOTD 3590 'NEXT L
3560 PAS,E1=1:PA4, E2=0: P44, ET=V: PAL, E4=L
3570 WRITE RECORD #3 1 P44
3580 1=1+1
3590 NEXT L
3500 NEXT 2
3610 NEXT I

3620 EE1=]

363¢ P44,E1=0

3640 WRITE RECORD 43 1 P44

3650 CLOSE

3650 IF H$="N" THEN &OTO 4700

3670 DPEN °C:CCC* AS #1 LEN=SIZE(P3))
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3680 IF MFC>0 THEN 60TD 3780

3590 A=l

3700 READ RECORD &1 A P31

3710 IF P31.INS="LAST* THEN BOTO 3740

3720 A=p+}

3730 60TO 3700

374C A=A-|

3750 MFC=A

3760 A=NFC

3770 OFEN"DRILLOD" AS #2 LEN=SIZE(P15)

3780 OPEN "ALTE" AS #3 LEN =SIZE(P45)

3790 1=]

3800 FOR I=1 TO A

3810  READ RECORD #1 1 P3!

3820 IF P31.dJ=2 OR P31.JJ=B THEN GOTO 2840

3830  BOTD 455¢ °’NEXT 1

3840 FOR J=! TO DHD

3850 READ RECORD €2 J P15

3860 k=L=0

3870 IF (P31.J3=3 OF P31,00=8) AND P15.DISE=0 AND P31,TTD=P15,DE THEN BOTD 3910
3BBO IF P31.33=7 AND P15,DISEDO THEN BOTO 4440  °NEXT 3
3850 IF P31,3J=8 AND PI15.DISEX0 THEN 60TO 4280

3900 BOTD 4640  °NEXT 4

3910 IF P31, LLLCLP OR P31.DDDCDP THEN 6OTO 4540 °KEXT )
3920 IF P31.TOLCP15.TDE AND P15.THE$="N" THEN GOTO 4240
3930 IF P31.70L{P15.TDE THEN BOTD 4140

3940 FOR K=1 TD A

3950 L=0

3940 READ RECORD #! K P31

3970 IF (P31.3d=4 DR P31,J3=9) AND P3{,LLL)LP AND P31.DDDYDP AND P31,TTD=P15,DE THEN GO
T0 3990

3980 6OTD 4120  NEXT K

© 3990 IF P15, THES="N" THEN GOTO 4090

4000 FOR L=1 70 A .

4010 READ RECORD #1 L P3!

4020 IF (P31,JJ=7 OR P31,J3=10) AND P31,LLLOLP AND P31,DDDXDF AND P31,TTD=F15,DE THEN
GOTD 4040

1030 BDTD 4070°NEXT L

1040 P45, F1=1:P45, F2=0: P45, F3=K: PAS, FA=L

4050 WRITE RECORD 43 1 PAS

4040 1=141

1070 NEXT L

1080 BOTO 4120

4090 P45,F1=1:P45, F2=]: PAS, F3=K: P45, F4=L

4100 WRITE RECORD #3 1 P45

110 1=1+1

8120 NEXT K

130 GOTD 4640 "NEXT J

8140 K=0

#50  FOR L=1 T0 A

4180 READ RECORD #1 L P31
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0T0 4190
4180
4190
4200
4210
422¢
4230
4240
4250
4280
4270
4280
4250
4300
4310
4320
4330
4340
4350
4360
370
4380
4390
4400
4310
4420
4430
4440
4450
4450
4470
T 4480
43490
4500
4510
4520
4530
4540
4550
4550
4570
4580
4590
4400
4510
4620
4630
44640
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IF (P31.33=7 OF P31,J0=10) AND P31,LLLOLF AND F31,DDD)DP AND P31.TTD=P13.DE THEN 6

60TD 4220°NEXT L
P4s. F1=1:PA5,F2=0: P4, FI=K:P4C. Fa=L
NRITE RECORD 47 1 P4
1=1+]
NEXT L
GOTD 4640  °NEXT
PAS.F1=1:P43,F2=):P45,F3=K:PAS, F4=L
WRITE RECORD #3 2 P45

1=1+!
60TO 44640  °NEXT J
IF P31.LLLSLP DR F31.DDDSDP THEN EDTD 4440 'NEXT J

IF P31.TOLSPIS.TDE AND P15, THES="N* THEN 6OTO 4610
IF P31.T0L¢P15,TDE THEN BOTO 4510
FOR K=1 TC A
L=0
READ RECORD 1 K P31
IF P31.33=9 AND P31.LLLOLF AND P31.DDD)DF AND P31,TTD=F15.DE THEN 60TO 4350
6070 4490 TNEXT K
IF P15.THE$="N* THEN 60TD 4450
FOR L=1 TO &
READ RECORD #1 L P31
IF P31.J3=10 AND P31.LLLOLP AND P31,DDDYDP AND P31.TTD=P15.DE THEN GOTO 4410
GOTO 4440 °NEXT L
P45, F1=1:P4S.F2=0: PAS, F3=1 P45, Fé=L
WRITE RECORD #3 I P4S
1=1+1
NEXT L
60TD 4490 "NEXT K
P45, F1=]:P45,F2=3: P45, F3=K1 P45, Fa=L
WRITE KECORD 43 1 P45
1=141
NEXT K
60TO 4640 'NEXT J
K=0
FOR L=1 TO A
READ RECORD #1 L P31
IF P31.J3=10 AND P31,LLLOLP AND F31.DDD)DP AND P31,TTD=P15,DE THEN 6DTD 4560
GOTD 4590 °NEXT L
P45.F1=1:P45,F2=1: P45, F3=K:PAS, FA=L
WRITE RECORD #3 1 P45
1=14}
NEXT L
GOTD 4680  °NEXT 3
P45, F1=1:P45.F2=): P45, F3=K: P45, Fa=L
¥RITE RECORD #3 1 P45
=141
NEXT J

4650 NEXT 1
4650 CLOSE
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4¢70 FF1=

4680 P45, FI=0

4590 WRITE RECORD #3 7 P43

4700 IF Is="N" BOTD 5320

4710 OPEN °C:DDD* AS #1 LEN=SIZE(P31)
4720 A=l

4730 READ RECORD #1 A P31

4740 IF P31, TN$="LAST" THEN &OTO 4770
4750 A=h+}

47¢0 EOTC 4730

4770 A=R-1

4780 NFD=A

4790 OPEN "EXDRILL® AS 42 LEN=SIZE(P14)
4800 OPEN ®ALT7® RS #3 LEN=SIZE(P46)
4810 1=4

4820 FOR I=1 TD A

4830
£840
4850
4860
487¢
4880
4890
4900
4910
45920
4930
4940
4950
4950
43970
4980
- 4990
5000
5010
5020
5030
5040
5050
5050
5070
3080
5090
5100
5110
5120
5130
5140
3150
$160
5170

KEAD RECORD #1 1 P3!
IF P31,30=8 AND P31.LLLOLF AND P31,DDDXDF THEN 6OTO 4850
6070 S270°NEXT 1
FOR J=1 TO EDH
READ RECORD 82 J P16
K=L=0
IF P31.TTD=P16.DF THEN 6OTD 4910
BOTO 5260 'NEXT 4
IF P31,TOL(P1&.TOF AND P1b, THF$="N" THEN BDTD 5230
IF P34.TOLCP16. TDF THEN 60TO 5130
FOR K=1 TD A
L=0
READ RECORD 41 K P3}
IF P31.J0=9 AND P31.LLLOLP AND P31.DDD>DP AND P31.7TD=Pi4.DF THEN GOTD 4980
B0TO 5110 *NEXT K
IF P16, THF$="N" THEN EBOTD S0B0
FOR L=1 TO A
READ RECORD #1 L P31
IF P31.dJ=10 AND P31.LLLOLP AND P331,DDD)DP AND P31,TTD=Pi4,DF THEN 60TD 5030
60TO 5060 *NEXT L
PAb,B1=1:P4b,62=0: P45, 63=K: P44, B4=L
WRITE RECORD $3 1 P4
1=1+]
NEXT L
BOTD 5110 *NEXT K
P46.61=1:P46.62=J:P46.63=K:P44,B4=L
WRITE RECORD 43 1 P4éb
1=1+1
NEXT X
60TD 52560
K=0
FOR L=1 TO A
READ RECORD 81 L P3!
IF P31.Jd=10 AND P31,LLLOLP AND P3{.DDDYDP AND P31.TTD=Pi4.DF THEN BOTD 5180
607D 5210 'NEXT L
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3180 P46.61=1:P46.62=0:P45,B3=K: P46, B4=L
9190 WRITE RECORD #3 I P4b
9200 1=1+4

o210 NEXT L

5220 EOTC S260 "NEXT

3230 P46.61=1:P46,62=0:P4L. B3=1:P46, b4=L

5240 WRITE RECORD #3 7 P46

3250 1=14}

o260 NEXT J

927G NEXT 1

S2B0 E61=1

5290 P44,61=0

S300 WRITE RECORD 33 1 P4b

5310 CLOSE

5320 JF J$="N" THEN &DTD 5400

8330 2=l

5340 OPEN ®C:EEE™ AS #1 LEN=SIZE(P3Y)

350 A=

5360 READ RECORD 41 A P31

9370 IF P31,TN$="LAST* THEN GOTD 5400

3380 A=A+l

3390 6OTO G360

3400 A=A-!

3410 MFE=h

5420 OPEN *INTKEY" AS 42 LEN=SIZE(P17)

5430 OPEN "ALTE" AS #I LEN=SIZE{P47)

9440 FOR I=} TO A

9450  READ RECORL #1 I P3!

3460 FOR J=1 70 INK

2470 READ RECORD #2 J P17

2480 K=L=0

2490 IF P31.JJ=12 AND P31.LLLOLF AND P31,DDDDP THEN 60TD $510
- 3500 60TO S240 'NEXT J

5510 P47,H1=1:P47,H2=0:P47  H3=K: P47, . H4=L

w920 NRITE RECORD #3 1 P47

9930 1=1+

o940 NEXT D

9550 NEXT I

9960 H11=1

3570 PA7.H1=0

9380 WRITE RECORD #3 1 P47

5590 CLOSE

3600 IF K$="N" GOTO 5920

5610 OPEN °C:EEE" AS #1 LEN=SIZE(P31)

9620 IF MFEX0 THEN 60TD 5700

3430 A=}

9640 READ RECORD #1 A P31

9650 IF P31.TN$="LAST® THEN GOTO 5680

3660 A=R+]

9670 G070 5640

3680 h=A-1
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5690 NFE=A

5700 A=NFE

5710 0EN *EXTKEY® AS 42 LEN=SIZE(P1P)

5720 OPEN *ALTS" AS 3 LEN=SIZE(P4B)

5730 1=1

5740 FOR I=1 T0 &

5750 READ RECORD 41 1 P31

5760 FOF J=1 TO EXK

§770  READ RECORD 42 J P1B

5780 K=L=0

5790 IF P31.J3=16 AND (LEFTS(P31.NN$,3)="ENC* OF LEFTS(P31,MN$,3)="ENH") AND P31.LLLOLF A
ND P31.D0D)DF THEN 60T SB10

5800 GOTD SB60’NEXT J

5810  IF P31.TOLCP1B.TEKDH AND P31,TOLCP1E,TEDPH AND P31,SUFCP1B.EXSFH THEN GOTO 5830

5820 EOTO 5860

5830 PAB.11=1:P4B.12=

5840 WRITE RECORD #3

5850 1=141

5880 NEXT J

5870 NEXT 1

5880 111=1

5890 P48, 11=0

5900 WRITE RECORD #3 I P48

5910 CLOSE ‘

5920 *THIS COMPLETES THE SECTION FOR THE SELECTION OF ALL POSSIBLE MACHINE

5930 *TOOLS TO GENERATE THE INDIVIDUAL FEATURES FOR ROTATIONAL COMPONENTS.

5940 *THIS NEXT SECTION WILL PERFORM THE SAME RESULTS FOR PRISMATIC COMPONENTS

5950 GOTO 10900

5950 OPEN *PRIS® AS #1 LEN=SIIE(P30)

5970 READ RECORD #! 1 P30

5980 CLOSE

5990 IF L$="N* G0TO £370

* 5000 OPEN *C:FFF® AS #1 LEN=SIZE(P31)

8010 A=1

§020 READ RECORD #1 A P3{

6030 IF P31.TN$="LAST* THEN GOTO 6060

8040 A=A+1

4050 GOTO 6020

5050 A=h-{

6070 NFF=h

8080 OPEN "ALT10* &S #3 LEN=SIZE(PS50)

6090 OPEN *EXTS* AS 42 LEN=SIZE(P20)

8100 1=}

6110 FOR 1= T0 A

6120  READ RECORD #1 1 P31

8130  IF (P31.J0=15 OR P31.3J=21) AND P31,LLLOP30.LT AND P31,KDP30,BT AND P31.HETOP30.HT TH
EN 60T 6150

6140  BOTD 6320 NEXT 1

6150  FOR J=1 TO NS

6160 READ RECORD 42 J P20

6170 KeL=p

J1P4B, 13=K:P4B, 14=L
1 P48
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6180 IF P31, TOLXP20. THK OR P3L.SUFP20.5FK THEN GOTD 4230
6190 P50, J1=1:P5C, J2=0:P50. J3=K:P50. J4=L

£200 WRITE RECORD #3 1 P50

6210 1=141

6220 BOTD 6310  'NEXT J

6230 FOR ¥=1 70 A

£240 READ RECORD #1 K P31

250 IF P3L.00=15 AND PILLLLLOPZO.LT AND P3S,WDOP30.BT AND PSI.HBTIP30.HT AND P31, TOLCF
20.THY. AND P31, SUF{P20.SFK THEN GOT
0 276

6260 60TD 6300 TNEXT K

6270 P50,J1=1:P50.d2=:P50,d3=K: P50, J4=L

6280 KRITE RECORD #3 1 P50

6290 12141

£300 NEXT K

6310 NEXT Y

6320 NEXT !
£330 J21=1
340 P30.J1=0
6350 WRITE RECORD &3 1 P30
6360 CLOSE
6370 IF M$="N" 60TO 6880
6380 DFEN *C:FFF" AS 81 LEN=SIZE{P3})
6390 IF MFF)0 THEN 60T0 6470
6400 A=1
6410 READ RECORD 81 A P31
6420 1F P31, TN$="LAST* THEN 6070 6450
6430 A=A+l
€440 GCTO 4410
6450 A=h-1
6450 NFF=A
£470 A=NFF
6450 OPEN ®EXTFE" AS #2 LEN=SIZE(P21)
6490 OPEN “ALT11*® AS #I LEN=5IZE(P51)
6500 1=1
6310 FOF 1=1 TO A
6520  READ RECORD #1 1 P3!
6330 IF (P31.J3=16 OF P31.33=17 OR P31.3J=18 OR P31.JJ=19 OR P31.J3=20) AND P31.LLLIP30.LT
AND P31.WDOP30.BT AND P31.HGTIP30.H
T THEN 60TO 4550
6340  6OTO 6830 "NEXT 1
6530  FOR J=1 TO NEFR
6350 READ RECORD %2 J P21
6570 L=K=0 '
6380 IF P21,EXFL$="RECT" THEN 1I=1%
6390 IF P21,EXFL$="TRIA" THEN 11=17
6600 IF P24,EXFL$="TRAP" THEN 11=18
6510 IF P21,EXFL$="ROMB® THEN 21=19
64620 IF P2{,EXFL$="PCYL" THEN 11=20
6830 IF P31.,J9=11 THEN GOTO 6450
6640 6OTD 4820  °NEXT J
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6630 IF P21,KSLL$="Y" AND P2!,RAE$="N" AND (LEFT$(P31,MN$,3)="ENC" OF LEFT$ (P31, NNS,3)="¢
NH® OR LEFTS(P31.MN$,3)="PNC* OR LE
FT${PIL.HNS,J)="PNH") AND P31,TW{P21,BL THEN EOTD 6490

68560 IF (P21,RSLL$="Y" OR P21,RSLLS="N") AND P2{,RAES$=*Y" THEN 60TD 6890

670 IF F21,RAES="N" AND P21,RSLL$="N* AND (LEFT$(P31,MN$,3)="ENC* OF LEFT$(PZ{,MN$,3)="E
MH®)} THEN BOTO 6£%90

6680 BOTO 5820  'NEXT

690 IF P3L.TOLOP21.TLL OR P3L.TOLOP2YLTBL DR P31, TOLOP2S,THL OR P31.SUFOF21,SFL THEN 60T
0 6740

£700 P51 HH1=1:PS1.HH2=: P51, HH3=K: P51, HH4=L

6710 KRITE RECORD #3 2 P3!

6720 1=141

6730 6070 6B20°NEXT 4

6740 FOR k=1 TD A

6750 READ RECORD &1 K P31

6740 IF P31.00=21 AND P3L,LLLOP30.LT AND P31.WDYP30.BT AND P31.HBTYP30.HT THEN BOTC ¢78
0

6770 6OTO 6B10 ’NEXT K

6780 P51, HH1=1:PE1. HR2=d: P51 HH3=K: P51, HHY=L

6790 WRITE RECORD #3 1 P31

6800 1=1+1

4810 NEXT K

6E20  NEXT J

B30 NEXT ]

6840 HH11=1

6850 P51.HHI=0
6860 NRITE RECORD #3 1 PSI
6870 CLOSE
6880 IF N$="N® 6OTC 7580
6890 OPEN "C:BBE" AS #1 LEN=SIIE(P31)
€900 A=1
£910 READ RECORE %1 A P31
" 6920 IF P31.TN$="LAST" THEN GOTD &950
6930 A=p+]
6940 5070 4910
£950 A=A-1
£960 NFE=A
6970 OPEN “INTFEA" AS #2 LEN=SIZE(P22)
6980 OPEN “"ALT12" AS ¥3 LEN=SIZE(PS2)
6990 2=1
7000 FOR KK=1 TD NSS
7010  DIAM=1000000
7020 FOR J=1 T0 P22.NSG
7030 READ RECORD #2 J P22
7040 IF P22, INFN$="T" BOTD 7070
7050 IF DIAMXP22.DN THEN DIAM=P22.DM
7060 6070 7090
7070 IF DIAM>P22,SDM THEN DIAN=P22,5DM
7080 IF DIAM>P2Z.FDM THEN DIAM=P22,FDN
7090  NEXT
7100 FOR 1=1 TD A
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RERD RECORD 21 1 P31
IF P31,03=B AND P3L.LLLOFI0.LT AND P31,HDXF30,BT AND P31, HET)P30.HT AND P3L.TTDDIAM
THEN 60TO 7140
EOTD 7520°NEXT 1
DIA=P31,TTD
FOR k=1 TD A
READ RECORL %1 K FJI
IF F31.39=11 AND P31.LLLOPSO.LY AND P31.WD)P30,BT AND P31.HETOPI0.HT AND P31, 7TDCE

IA THEN GOTD 7190

7180
7190
7200
7210
7220
7230
7240
7250
7250

pOTD 7510 NEXT X
FOR J=1 T0 P22,NSE

READ RECORD 32 J P22
6OTO 7500  'NEXT
IF P22, INFN$="T" THEN EOTO 7370
IF P31, TOLCP22,TDN AND P31,SUFCP22,5FN THEN 60TD 7330
FOR L=1 TD A
READ RECORD #1 L P31
IF P31.dd=12 AND P3L.LLLOP30.LT AND P31,MD)P30.BT AND P31.HBTOP30.HT AND FJ4,7

TD<DIAY THEN GOTC 7280

7270
7280
7290
7300
7310
7320
7330
7340
7350
7380
1370
7380
‘7390
7400

BOTO 7310°NEXT L
PE2.Li=1:P32,L2=J:PS2, L=k P52, L4=L
¥RITE RECORD 45 1 PS2
I=1+]
NEXT L
60TD 7500 *next
P82, L1=1:P52,L2=0:P52,L3=K: P52, L4=L
WRITE RECORD #3 1 P52
1=1+
EOTO 7500 °NEXT J
IF P31.TOLCP22,TSDM AND P33, TOL(P22,TFDM AND P31.SUF¢P22.SFM THEN BOTD 7470
FOR L=3 TO A
READ RECORD #1 L P!
IF P31,33=12 AND PIL,LLLOP3O0,LT AMD P31, WDYPIC.BT AND P34, HETOPIO.HT AND PILLT

TDZDIAM THEN GOTO 7420

7410
7420
7430
7440
7450
74560
7470
7480
7430
7500
7510
7820

7330 NEXT KK
7940 LL1=1

6OTD 7450 ’NEXT L
P32,L1=1:P52.1L2=0:P52,L3=K: P52, L4=L
WRITE RECORD 43 1 P32
12141
NEXT L
60T 7500°NEXT K
PS2.11=1:P52,12=0:P32,L3=K: P52, L4=L1 P52, L5=KK
WRITE RECORD #3 I P52
1=1+}

NEXT J
NEXT X

7330 P32,L1=0
7360 NRITE RECORD 3 7 P32

7570 CLOSE
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7580 IF D$="N" 6OTO 10700

7590 CPEN *C:DDD™ RS 41 LEN=SIZE(P31)
7600 A=!

7610 READ RECORD #1 A P3!

7620 IF P3).TN$="LAST* THEN BDTD 7650
TEIC A=h+)

7630 BCTC 7630

TEST h=h-]

TE50 MFD=A

7677 1F Pe="N" THEN GOTD 8210

7680 OPEN °*DRILLY"AS #2 LEN=CIZE(P23)
769C OFEN "ALTI3 AS 43 LEN=SIIE(PET)
7700 2=1

7780 FOE 1=1 T0 4

7720 READ RECORD 81 [ P31

7730 IF P31,J0=E AND P31.LLLOP30.LT AND P3{,WDYP30.BT AND P31, HETOPI0.HT THEN €0TD 77
50 -

7740 EDTD B160  'NEXT I

7750  FOF J=! TO DHX

7760 READ RECORD 42 J P23

7770 K=L=0

7780 IF P31,TTD=P23.DN THEN 6070 7800

7790 GOTD B150  "NEXT )

7800 IF P31,T0L<P23,TDN AND P3{,SUFCPII,SFN AND P23.THNS="N" THEN 607D 8020

7810 IF P31,TOLCP23,TDN AND P31,SUF(P23.SFN THEN GOTO 8040

7820 FOR K=1 TD A

7830 READ RECORD #1 ¥ P3!

7840 L=0 _

7850 IF P31,JJ=9 AND P31,LLLYP30O,LT AND P31,MDYP30,BT AND PI{.HET)P30.HT ANL PI1.TTD=FZ
I.DN THEN 607D 7870

7880 GOTD BOOO  NEXT ¥

7670 IF P23, THNS="N" THEN €070 7970

- 7880 FOR L=} TD A

7890 READ RECORD #1 L P31 ,

7900 IF P31,33=10 AND P3L,LLLIP30.LT AND P31.NDYP30.BT AND P3L.HBTOP30.HT AND P31,TTD
=P23.DK THEK 60T0 7920

7910 60TD 7950° NEXT

7520 F53.M1=]:PS3, H2=0: P53, M3=K: P53 Mé=L

7930 WEITE RECORD #3 1 P33

7940 1=1+1

7950 NEXT L

7560 60TD 800D  'NEXT X

7970 P53, N1=1:P53, H2=J: P53, N3=K: P53, N4=L

7980 WRITE RECORD ¥3 1 P33

7970 1=1+}

8000 NEXT K

8010 6OTO B150 'NEXT J

8020 P53.M1=]1:P53, M2=3:P53. H3=K: P53, M=t
8030 WRITE RECORD 43 1 P33

BO40 1=14]

8050 6OTD 8150 ‘NEXT J
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8060 K=0

8070 FOR L=! TD A

goB¢ READ RECORD B! L P31

8090 IF P31,30=10 AND P31,LLLOP30.LT AND P31.WDXP30,BT AND P31.HST)P30.HT AND P31,TTD=P
23.DN THEN 6OTO 6110

8100 60TD B140  °NEXT L

B110 PS3.M1=1:P33. M2=0:PST. K3=K e PT, HasL

8120 KRITE RECORD #3 2 P57

8130 1=1+!

8140 NEXT L
BISO  NEXT J
B160 NEXT I
8170 mWM1=1
8180 PSI.Mi=0
8190 WRITE RECORD #3 1 PS3
8200 CLREE 2,3
8210 IF @$="N" THEN 6OTO B740
8220 OPEN *DRILLNX® AS 42 LEN=SIIE(P24)
230 DPEN "ALTI4" AS 8§ LEN=SIZE(P34)
g230 1=|
£250 FOR I=1 TO A
B260  READ RECORD #1 I P31
8270  IF P31.JJ=B AND P31,LLLOP30.LT AND P3!,KDOP30,BT AND P3L.HBTOP30,HT THEN BOTO 8290
B280  GOTO 8490 'NEXT 1
8290  FOR J=1 7O DHNX
8300 READ RECORD #2 J P24
E3t0 K=L=0
g320 IF P31, TTD=P24.D00 THEN GOTO B340
§230 60TO B4BO *NZXT J
g3ae IF P31.T0L4P24.TDD AND P31, SUF{P24,SFD AND P24,THO$="N" THEN GDTC 8Z30
g3se IF P31.TOL<P24,TDC ANL PI1,SUF(P24,5F0 THEN GOTD BS90
B3&0 FOR K=t TD A

" B370 READ RECORD #1 X P31

8380 L=0

8320 IF P31.J0=9 AND P31.LLLOP30.LT AND F31,WDOP30,BT AND P31.HGTP30.HT AN PT1.T7D=PL
4,000 THEN BOTD 8410

8400 60TD BS40 "NEXT K

8410 IF P24, THO$="N" THEN &0TO 8510

8420 FOR L= TD A

8430 READ RECORD #1 L P31

B440 IF P31.3J=10 AND P3!.LLLOP30,LT AND P3{,WD)P30.BT AND P34,HGTIPIC0.HT AND P31.TTD
=P24.D00 THEN GOTO 8440

8450 60TD BASO’NEXT L

B460O PE4.N1=1:PS4,N2=0:PO4, N3=K: PS4, Nd=L

8470 WRITE RECORD 43 7 P3A

8480 1=14]

ga%0 NEXT L

8500 60TD BS40°NEXT K

8510 PS4.Ni=1:P54,N2=0:P5A. N3=K: PS4, N4=L

8820 WRITE RECORD #3 I PS4

B330 1=1+1
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g5an NEXT K

BES¢ PUA N1=1: PS4, N2=0: PS4, N3=K: PG4, Na=L

8550 WRITE RECORD #3 7 PS4

gz70 114!

280 GOTO B68C *NEXT J

g ¥=0

2400 FOP L={ TO A

8510 FEAT RECORD #1 L P31

Be20 IF P31.30=10 AND PIL.LLLIP30.LT AND P31, NDDP30,BT AND PI1.HETSPIU.HT AND P3L,TTD=F
24.D00 THEN GCTG B540 .

ge30 60T0 8670  NEXT L

gedc PS4 N1=1s PS4 N220: 054, NI=K PSS Nz

geso KRITE RECORD 43 I PS4

Bse0 =141

8L NEXT L

8580 NEXT J
osar NEYT ]
o0 NNi=2
E?$0 PEANI=O
B720 KRITE RECORD #3 1 P34
8730 CLOSE 2,7
B740 IF R$="N* 6OTC 9280
B750 OPEN "DRILLY*® AS #2 LEN=SIZE(P2E)
B76% DPEN "ALTIE® AS B LEN=EIZE (PSS
8770 1=!
B780 FOF 1 =1 TD A
8720  READ RECORD #1 I P31
BBOO IF P31.3J=B AND P31.LLLIPZO.LT AND P31.ND)P30,BT AND P3{.HSTYP3O,HT THEM BCTD BE20
BELO  BOTD 923¢  °NEXT !
BR20 FOR J=1 TO DHY
8B READ RECORD #2 J P25
B840 ¥=i=0
" 8BS IF P34,7T0=P25,0DP THEN &DTD BB70
BEL) BOTO 9220 *NEXT 9 .
§87¢ IF P31, TOL{P25,TDDP AND P31.SUF{P25,5FF AND P25,THPS="N" THEN £0TD 2090
8880 IF P21,TOL<P25.TDDP ANL P31,SUFCP25,SFP THEN GOTO 9130
8890 FOR K=1 70 A

8900 L=0

8910 READ RECORD #! K P3Y

8920 IF P31.30=9 AND PIL.LLLOP3I0.LT AND P31, KDP30.BT AND P31,HETPIC.HT AND F31,TTO=F2
S.DDP THEN GDTD 8940

8930 60TO 9070  °NEXT K

8940 IF P25, THP$="N" THEN 607D 9040

8950 FOR L= TO A

8940 READ RECORD #1 L P3f

8970 IF P31.JJ=10 AND P31,LLLOP30,LT AND P31.HDMP30.BT AND P3I1.HSTIFIO,HT AND P3L,TTD
=P25.DDP THEN 6OTO 8990

980 607D 9020  NEXT L

8990 S5.01=1:P55,02=0: P55, 03=K; P55, D4=L

5000 WRITE RECORD 43 1 PSS

9010 1=1+1
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2020 NEXT L

9030 GOTO 9070 *NEXT K

904G <2, 01=1:P55.02=J: PS5, 02=K: PSS, 04=L
9050 WRITE RECORD &2 7 PSS

2040 1=14]

0070 NEXT K

R0BC BOTD 9220 "NEXT

9090 oo, 01=1sPiE, 0220 PES, 03=Ks PSS, D4=L

2100 WFITE RECORD #3 I PSS

8110 1=1+4

9120 6OTO 9220 "NEYT

o130 r=0

8140 FOR L=! TC £

7150 READ RECORD #! L P3!

0180 IF P31.03=1C AN PTLLLLLOPIO,LT AND P31.WDYP30,BT AND P31.HGTOP30.HT AND P38,TT0=F
20.D0P THEN 60TC 9180

9170 BOTD 2210 CNEXT L

8180 PSS, 01=1:PSS. 0220 PEC, D3=N 1 PEE, DA=L

§190 ¥RITE RECORD #2 1 PCZ

9200 1=144

9210 NEXT L
9220 NEXT 3
923¢ NEXT |
9240 001=2
9250 P55,0!=0
'9260 KRITE PECORD #3 ?
9270 CLOSE 2,7
9280 IF S=*N* ECTD 9820
9290 OPEN "BRILLNY® &3 42 LEN=STIE(F2¢
9300 OPEN *ALTIL" AT £I LEN=S'IE(PS 6)
9310 =1
9220 FOF 1=t T0 &
- 9330 READ RECORE #! ! PX1
9340 IF P31,JJ=8 AND PII,LLLOP30,LT AND PTY,NISP3C,ET AND P31, HGTOF30,HT THEN GOTD 9340
9350 6OTO 9770 *NEXT I
9350  FOR J=1 TD DHNY
9270 READ RECORD 92 J P31
9380 K=L=0
9390 IF P31.TTD=P25,D0 THEN G0TO 9410
9400 GOTD 9740 'NEXT J
9410 IF P31,TOL(P26,TDA AND P31,5UFCP25,5F0 AND P2¢,THR$="N* THEN GOTD 9430
9420 IF PI1,TOLCP26.TDR AMD F31,SUF<P26,5FQ THEN GOTD 9470
9430 FOR K=1 T0

9440 READ RECORD #1 K P34

9450 L=0

9450 IF F21,30=9 AND P31.LLLOPIO.LT AND P31,NDXP30,BT AND P3{.HET>PI0.HT AND F31,TTD=P2
6.D0 THEN 60TC 9480

9470 BOTO 96!0°NEXT K

9480 -IF P26,THO$="N* THEN BOTO 9580

9490 FOR L=1 10 A

9500 READ RECORD #1 L F3!
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9510 IF PILLI3=10 AN O70,LLLOPTL,LT AND PILNDYPIO,BT AND PILLHGTOFIC.HT AND $31,771

=p2¢,D0 THEN BOTD 9530
8520 BOTD 9S&0?NEXT L
0530 PEL,P1=]1:P54,P2=0: P5E, P3=k PSS, PasL
0540 WRITE RECORD 43 1 PS¢
0E5() 1=141
9550 NZYT L
9570 BOTC S&10°NEXT
9580 PSE,P1=1:F58,P2=: PEL, PI=k: PES, PA=L
(R WFITE RECORD £ I ©5¢
9600 I=I+!

gel0 NEXT K

9L20 EOT0 978Q°NEXT J

9EI0 PSL.PI=]:PEE, PI=1POL, PI=LsPSL, PA=L
9440 WRITE RECORL 43 1 PS¢

550 1=144

9&50 BCTD 9760 NEYT I

970 ¥=0

9480 FoP L= 70 A

990 REAL RECORD #! L PJ}

9700 IF P21, 30=1C ANF PILLLLOPIGLLY AND PRLLKDOP30.ET AND PIL,HETIPIC,HT ART F3L,7TD=F
26,00 THEN 6OTD 9720

9710 60TO 9750 "NEXT L

972¢ P34,P1=1:P56.F2=0:P5L. PI=K:P5L, Pa=L

2730 WRITE RECORC 45 1 P2

0740 1141

9750 NEXT L
9760  NEXT )
§77C¢ NEXT |
9780 PP1=1
979C PSa.Fi=0
_ 980C WRITE RECORD #3 1 PS8
8lc CLOSE 2,3
9620 IF T$="N* BOTD 10360
9E30 DPEN ®DRILLZ" AS #2 LEN=SIZE(F27)
9840 OPEN *ALT17*AS #3 LEN=SIZE(PI7)
9850 =1
9850 FOR 1=1 TD A
9870  READ RECORD 3§ 1 P31
98B0  IF P31.JJ=B AND F31.LLLYPJO.LT AND F3:,KD)P3C,2T AND PC1,HSTOP30,HT THEN BOTD 9300
9890  6OTO 1O310°NEXT I
9900 FOR J=1 7O DHI
9910 READ RECORD %2 J P27
9920 K=L=0
9930 [F P31.TTD=P27,DF THEN GCTO 9930
9940 6010 103007 NEXT J
9950 IF P31,70L<P27.TDR AND P3I1,SUF<P27.SFR AND P27,THR$="N" THEN &OTD 10170
9960 IF P31.TOLKP27,TDR AND P31.SUFCR27,SFE THEN 60TC 10210
9970 FOR K={ TO A
9980 READ RECORD #! K P31
9950 L=0
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10000 IF F31.30=9 AND P31.LLLMP3O0,LT AND F3L,KDOF30.BT AND P3!L HETOPI0.HT AND F31,TTO=FZ

7.DF THEN 607D 10020

10010 o0TD 10150  °NEXT K

1020 IF P27.THR$="N" THEN BOTD 10120

10030 FOR L=1 TD A

10040 READ RECORL &1 L P31

10050 IF P31.33=10 AND P35.LLLOP30.LT AND F31.WDF30,BT AND P31, HETOP30.HT AND P3L,TTD
=F27,DF THEN €OTC 106070

10060 60TD 10300 °NEXT L

10070 PET.01=1:P57,82=0:PE7.03=h:PE7. B4=L

10080 WRITE RECORD 43 1 PS7

1009¢ 1=141

10100 NEXT L

10110 BOTO 10156 NEXT K

10120 PS7.01=12F57,62=0: P57, B3=K: P57, 04=L

10430 REITE RECORD &3 1 P37

10145 1=14]

10150 NEXT K
10160 6CTD 10300

YNEXT
10170 PS7.01=1:PS7.02=:P57,03=K: P57, 04=L
10180 WRITE RECORD 43 1 P57
10196 =14
10200 BOTD 10300 *NEXT J
10210 K=0 .
10220 FOF L=t T0 A
10230 READ RECORD #3 L P31
10240 IF P31,33=10 AND P31.LLLOP30,LT AND P31,MDP30.BT AND F31.HSTOF3C.HT AND P31, TTDSF
27,DF THEN BOTD 10250
10250 6070 10290 °NEXT L
10269 P57.01=1:PS7.0220: P57, 03=K: P57, BesL
10270 NRITE RECORD #3 1 PE7
10280 1:141

10290 NEXT L
10300 NEXT 4
10310 NEXT !
10720 QBi=
10330 PE7.Q1=0
10340 WRITE RECORD #3 1 PS7
1035¢ CLOSE 2,3
10360 IF Us="R* 6OTO 10900
10370 CPEN °DRILLNI" AS #2 LEN=SIZE(F2B)
10380 OPEN “ALT18° AS ¥ LEN=SIZE(P3B)
10390 1={
10403 FOR I1=1 TC A
10410  READ RECORD #1 1 P3I
10520 IF P31.JJ=B AND F3L.LLLOP3I0.LT AND P3!,ND)>P30.BT AND P3{.H5T)P30.HT THEN 6QTD 10440
10430  6OTO 10850 'NEXT I
10430  FOR J=1 7D DHNI
10450 READ RECORD #2 J P28
10250 F=L=0
10470 IF P31.7TD=P28.DDE THEN EOTD 10450
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104E0 BATC 10850 CHEXT

10499 IF PII.TO.7P2B.TDDE AND PI1,SUFCF2B,5FS ANL P2E,THS$="N® THEN EDTD 10710
10300 IF P31 TOLCF2B.TDDS AND FII,SUF{P28.SFE THEN GOTO 10750

10510 FOF ¥=1 T0 A

1052¢ L=0

10530 READ RECORD 4! ¥ I

10549 IF F31.03=9 AND PIE,LLLOPIOLLT AND P3L,NDIPS0.BT AND P3LLHSTOFIGLHT AND F31,7T0=F2
£.DDS THEN GOTO 1036¢

10550 60T0 10890 'NEXT K

10560 IF P2E.THES="N" THEN 6OTD 1050

10570 FOR L=t T0 4

10580 READ RECORD §1 L P3I

10559 IF P31,33=10 AND P31,LLLOPSO.LT AND P3L.NDYP30.BT AND F31.HGTOP30.HT AND P31,TTD
=P28.008 THEN GOTC 10610

10500 BOTO 10840 YNEXT L

10610 PS3.R1=1:PS5,R2=: PSE, R3=K: P56, Re=L

1020 WRITE RECORD 7 I PS8

10630 15241

10540 NEXT L

10£50 BOTO 16590 CNEXT K

10650 P58, R1=1:PSB,R2=0: P58, K3=K: PS8, Ré=L

10570 WRITE RECORD ¢2 1 PS5

10580 1141

10696 NEXTK

10700 BOTC 10B40"NEXT J

10710 P5B.R!=1:P58.R2=J:PSE.R3=K:PS8, Rzl
10720 WRITE RECORD #3 1 PSR

10730 1=1+1

10740 60TD 10940°NEXT §

10750 F=0

10740 FOR L=1 TO A

10770 READ RECORD #1 L P3{

10780 IF P24,J3=10 AND P31.LLLOP3O,LT AND P31,WDIP30,BT AND P3{,HETIP30,HT AND P31, TTD=F
26.,DDS THEN 60TD 10800

10790 60TD 10830  °NEXT L

10800 PS8.R1=1:PSE,R2=J:PEB,PI=K:PSE,R4sL

10810 WRITE RECORD $3 1 P38

1820 1=1+4

10830 NEXT L

10840 NEXT )
10850 NEXT 1
10B60 RR1=1
10870 PEB,F1=0
10880 WRITE RECORD #7 1 P3B
10890 LLDSE 2,3
10900 CLOSE
END PROCEDURE

PROCEDURE: Bath

EXTERNAL: F10,°11,P31,P40,P4% Nit Nef,fal
EXTERNAL: Bb1,Mat$,Lots,Choices

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 215 -

SOURCE
10 OPEN °D:EXTF.DAT" AS #1 LEN=GIZE(P10)
20 Mat1=0:Mat2=0:LENETH=0
30 FOR I=1 TO Net
40 READ RECORD ¥1 I P10
S0 IF P10,EF$="Y" THEN 607D 80
60 Matl=Mati+(P1O,L8(3,14158(DP)*2/4-3,14158(P10,D}*2/4))
70 BOTD 90
B0  Mat1=Mati+P10.L8(({3.1A158(DP)*2/4-3, {4158 (P10, FD)~2/4)+,58(3, 14158 {P10.FD)*2/4-3. 114158 (P
10.8D)~2/4))
90 NEXT ]
160 CLOSE
110 DPEN *D: INTF.DAT® AS &1 LEN=SIZE(P11)
120 Dian=10000000
130 FOR I1=1 TO Wif
140  READ RECORD #1 1 P11l
150 LENGTH=LENGTH+P11.LA
160 IF P11,1FA$="T" THENK 6O0TD 200
170 Nat2=Mat2+(P{{.LAR(3, 14158(P11,DA)*2/4))
180 IF Dian)P11.DA THEN Dian=P11.DA
190  60TC 230
200 Nat2=Mat2+(P11,LAS({3.14158(P11,5DA)Y~2/4)+(,58(3, 14158 (P11, FDA)~2/4)-3. 14158 (P11.5DA)*2/4
m '
210 IF Diam)P11.SDA THEN Dias=P11.5DA
220 IF Diaa)P11.FDA THEN Diam=P11,.FDA
230 NEXT 1
240 Mat2=NMat2-(3.14158(Dian)*2/4) SLENGTH
250 CLOSE
260 P=1:0=1:R=1:5=1:T={
270 OPEN °*D:ALT!" AS 81 LEN=SIZE(P40)
280 OPEN °C:AAA® AS #2 LEN=SIZE(P3!)
. 290 OPEN *D:EXTF.DAT® AS #3 LEN=SIZE(P10)
300 Aal=hal-{
310 FOR I=! TO Ral
320 READ RECORD #1 I P40
330  READ RECORD 82 P40.A!1 P31
340 Tol1=P31.TOL:Sf§=P31.5UF
350 IF P40.A3=0 THEN 60T0 330
360  READ RECORD 42 P40.A3 P3!
370 Tol2=P31.TOL:5¢2=P31.5UF
380 BOTD 400
390 Tol2=100:5f2=100
© 400 IF Tol1>Tol2 THEN Toli=Tol2
410 IF S¢1)5¢2 THEN Sf1=5¢f2
420 FOR J=1 1D Nef
430 READ RECORD $3 J P10
440 IF P10.EF$="T* THEN 6OTD 470
450 IF Toli<P10.TD AND Sf1<P10,5F THEN 6OTO 490
440 EXIT 70,440
470 1F Tol1<P10.T5D AND Tol1<P10.TFD AND S¢#1{P10,SF THEN GOTD 490
480 EXIT 70,440
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490  NEXT )
500  LET Alt11(P)=P4Q.Al
310  IF P40,A3=0 THEN ER1(P)="N" ELSE ER1(P)="Y"
320 IF PC2 THEN 6OTO 560
530 FOR J=1 TD P-{
40 IF Alt11(J3)=A1t11(P) THEN EXIT 10,570
350 NEXT 4
560  P=P+]
570 LET AIt13(R)=P40,A3
980  IF P40,A3=0 THEN 6OTOD &40
590 IF R¢2 THEN GOTD 430
600  FOR J=1 TO R-1
610 IF ALt13(1)=ALt13(R) THEN EXIT 10,4640
620 NEXT J
630 R=R#{
640 NEXT 1
650 CLOSE
660 DPEN *D:ALT2" AS 41 LEN=SIIE(P41)
670 OPEN °*C:BBB" AS 42 LEN=SIIE(P3))
680 DPEN *D:INTF,DAT* AS 43 LEN=SIZE(P11)
690 FOR 1=1 TO Bbi
700 READ RECORD 81 I P4l
710  READ RECORD #2 P41.B3 P31
720 Toll=P31,T0L:541=P34,SUF
730 IF P41,B4=0 THEN 60TO 760
740  READ RECORD 42 PA1.B4 P3)
750  Tol2=P31,TOL:5f2=P31,SUF:60TO 770
760 Tol2=100:5£2=100
770 IF Tal1>Tol2 THEN Toll=Tal2
780  JF 5§1)5f2 THEN 5§1=5§2
790  FOR J=§ TO Nif
- BOO READ RECORD 43 J P11
810 IF P11, IFA$="T* THEN GOTO B40
820 IF Toli<P11,TDA AND Sf1<P1{.SFA THEN 60TC 850
830 EXIT 70,1070
840 IF Tol1<P11.TSDA AND Tol1<P{1.TFDA AND Sfi1<P31.SFA THEN GDTD B&O
850 EXIT 70,1070 '
BeO  NEXT
B70  LET Alt21(@)=P41.B}
880 IF 0<2 THEN 6OTO 920
890 FOR J=1 TO @-{
900 IF Alt21(3)=A1t21 (@) THEN EXIT 70,930
910 NEXT J
920 =04}
930  LET A1t23(5)=P41.B3
940 IF PA41,B4=0 THEN BR2(5)="N" ELSE GR2(S)="Y"
950  IF S¢2 THEN 60TD 990
960 FOR J=! TO 5-!
970 IF A1£23(J)=A1£23(5) THEN EXIT 10,1000
980 NEXT )
990 S=5+1
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1000  IF P41,B4=0 THEN 60TD 1070
1010  LET AIt24(T)=P4]1.B4

1020 IF T<2 THEN 60TO 1060

1030  FOR J=1 T0 T-{

1040 IF ALt24(J)=A1t24(T) THEN EXIT 70,1070
1050  NEXT 4

1060 T=TH

1070 NEXT ]

1080 CLOSE

1090 P=P-1:R=R-1:8=0-1:5=5-1

1100 T=T-1

1110 OPEN "C:AAR® AS #1 LEN=SIZE(P31)
1120 FOP I=1 TO P

1130 READ RECORD #1 Alt1I{I) P3!
1140 IF Mat$=*1" THEN 22=,6666

1150  IF NMats="2" THER 1I=|

1160  IF Mat$="3" THEN 2I1=.70

1170 IF Mats="4" THEN 1I={

1180  A1(I)=Mat1/(P31.MRR$11) *MACHINING TINE

1190 Bi(I)=Lotss (A1 (I)+P3L.LUT) "TIME PART DN MACHINE
1200  CH(I)=B1(1)8(P31.0C)+(PIL.TCIS(AI(I))+P31,5C *TOTAL COST/LOT

1210 DI(D)=CL(I}/Lots "AVE, COST PER PART
1220 E1(I)=P3L.TNR *24=5PEED FOR 1020 STEEL AND CARBIDE TOLL
1230 F1{1)=P31.MRRIZZ/(E1 (D) $(P31. TAARID)) 'N MRR/SPEED

1240 61(1)=P31.TNRS. 25 FINISH FEED

1250  HUD=FI{D8L.L 'FINISH SPEED

1260 NEXT 1

1270 FOR 1=1 TO R

1280 READ RECORD #1 AL£13(D) P3i
1290  IF Mat$="1" THEN 11=!

1300 IF Mat$="2" THEN 11=!

A310 IF Mat$="3" THEN II=!

1320 IF Mat$="4" THEN 11=1

1330 A2(1)=.28Nef+LENGTH/1000 *+LENGTH/FEEDS11 1000=1M/NIN
1340 B2(1)=(A2(1)+P31,LUT) sLots "TINE ON MACHINE ENTIRE LOT
1350 C2(1)=B2(I1)$(P31.0C)+(P31. TC) $ (R2(1)~.28Nef) +P31.5C

1360  D2(1)=C2(1)/Lots "AVERAGE COST PER PART

1370 E2(I)=,250P31,THW

1380  F2(1)=P31.MRR$12/E2(1)

13%0 NEXT 1

1400 CLOSE

1410 OPEN °C:BBB® AS #1 LEN=SIZE(P3!)
1420 FOR I=1 TO Q

1430 READ RECORD #1 A1t21(I) P31
1440 IF Mat$="1" THEN I1=.b6666

1450 IF Nat$="2" THEN IZ=]

1460 IF NMat$="3" THEN 11=.70

1470 IF Mat$="4" THEN 1I=1

1480 IF P31.MRR=0 THEN P31.MRR=15000
1490 AT{1)=LENBTH/(P31.MRR$I1)

1500 B3{I)=Lotst(A3(I)+P31.LUT) 'TOTAL TIME ON MACHINE
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C3(I)=B3(E)8(P31.0C) +(P3L, TCYSA3(1)+4P31,5C *TOTAL COST PER LOT
DI(1}=C3UT) /Lots

E3(1)=P31. TNR 'CALCULATE TOOL FEED
F3(I}=P3L MRRIZL/(EIC(I)#(3, 14158 (P31, TTD)*2/4)) *CALCULATE TOOL SPEED

1550 KEXT 1
1360 FOR I=1 7O §

1570
1380
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690

READ RECORD #1 AIt23(I) P3)

IF Mat$="1" THEN 21=,6666

IF Mat$="2" THEN 11=1

IF Mat$="3" THEN Z1=.7

IF Mat$="4" THEN 1I={

A4(1)=Mat2/ (P31. MRR3Z)

B4(1)=Lotst(RA(1)+P3L.LUT) ‘ "TOTAL TIME DN NACH.
CA(I)=B4(1) 8 (P31, 0C)+ (P31 TCIS(AA(1))4P31,8C *TOTAL COST
D4(1)=C4(1)/Lots

E4(1)=P31.TNR 'T00L FEED

F4(1)=P31.NRR8Z1/ (P31, TAASEA(T)) '700L SPEED ma/min
64(1)=P31, TNRS. 25

Re(1)=FA(1)81.1

1700 NEXT 1
1710 FOR I=1 T0 T

1720
1730
1740
1730
1760
1770
1780
1790
1800
1810
1820
1830

READ RECORD #1 Alt24(I) P3!

IF Nat$="1" THEN 1I=1

IF Mat$="2" THEN 21=}

IF Nat$="3" THEN 1I=|

IF Mat$="4* THEN ZI=l

AS(I)=, 28Ni $8774LENGTH/1000 " LENGTH/1000=1M/HIN
B3 (I)=Lots$ (AS(I}+P3L.LUT) "TOTAL TIME OF PART HADLING+MACHINING
CS(I)1=RS(I}$(P31,0C) +(PIL.TCI 3 (ASCI) -, 28Ni ) 4P34,5C
DS =C5{1) /Lots

IF P31.TH=0 THEN P3{.TW=25

ES(1)=,25¢P31. TH

FS{1)=P31. NRRE21/ (ESLIN)

1840 NEXT |
1850 CLOSE
1860 OPEN *C:AAR® RS #1 LEN=SIIE(P3{)
1870 OPEN °C:BBB" AS 42 LEN=SIZE(P31)

1880 =1

1890 FOR I={ TO P

1900  FOR J=1 T0 R

1910 FOR k=1 TO @

1920 FOR L=} 7O §

1930 FOR M= TO T

1940 AC=D1 (1) +DI(K)+DA(L}

1950 IF GRI{I)="Y" THEN AC=AC+D2(1)
1960 IF GR2(L)="Y" THEN AC=AC+DS(N)
1970 READ RECORD #1 Alt11{I) P31
1980 NM=PI1.TN$

1990 IF BRI(I)="N" THEN &0TC 2030
2000 READ RECORD #1 AIt13(J) P31
2010 IF MN=P3!.TN$ THEN AC=AC-.5tP31,SC/Lots
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2020 ¥M=P31. TNS

2030 READ RECORD #2 A)t21(K) P3{

2040 IF MM=P31.TN$ THEN AC=AC-,58P31,SC/Lots
2050 HH=P31, TN$

2050 READ RECORD #2 A1t23(L) P31

2070 IF M¥=P31.TN$ THEN AC=AC-,58P31,SC/Lots
2080 MM=P31.TNS

2090 IF BR2{L)="N* THEN 60TD 2120

2100 READ RECORD 42 A1t24(M) P31

2110 IF MM=P31.TN$ THEN AC=AC~,58P31.SC/Lots
2120 VY=L XI(T) =K YI(2) =L

2130 IF GRI(I)="N* THEN W1(2)=0 ELSE Wi1(1)=)
2140 IF GR2(L)="N* THEN 11(2)=0 ELSE 21(I)=N
2150 IF <2 THEN B80TO 2190

2160 FOR A=1 10 1-}

2170 IF V1(Z)=V1(A) AND Ni(I)=WI(A) AND X1{ZI)=Xi(A) AND Y1(Z)=Y1(R) AND 11(1})=11(R)
THEN EXIT 70,2270

2180 NEXT A

2190 Ace(2)=AC

2200 IF 2¢2 THEN BOTD 2240

2210 FOR A=1 7O 2-1

2220 IF Acc(fA)<Acc(Z) THEN 6OTD 2250

2230 SWAP Acc(A),Acc(Z):SHAP VI{A),VI(Z):SNAP W1(R),N1(2):SHAP X1(A),X1(2)
2240 SWAP Y1(R),Y1{Z):SWAP 11(R),21(1)
2250 NEXT A

2260 IF 2425 THEN 1=141

2270 NEXT N

2280 NEXT L

2290 NEXT K

2300  NEXT &

2310 NEXT I

2320 CLOSE

2330 LPRINT “S888sssstsssasssassssssbastassaasssstessnssasssssssasssatsrosnsssstansssssssstiise
sIsasIRBLRILISIRABANLANLAL"

2340 LPRINT:LPRINT TAB{&) *TODAYS DATE *,DDDD$;TAB{60) °LOT SIZE= *,Lots

2350 LPRINT:LPRINT TAB(6) "PART NAME= °,PNS$, TAB(60) *"PART NUMBERs °,PNU

2360 LPRINTSLPRINT *Se88stsssgasssssassssasssssnssassnsassstasesssssssttsssssssssstssssstanisss
122222280338 2800088800382402200¢ 0%

2370 LPRINT

2380 OPEN °C:AAA* AS #! LEN=SIZE(P3!)

2390 OPEN °C:BBB® RS #2 LEN=SIZE(P31)

2400 LPRINT ° . ROUBH CUT
FINISH CUT®
2410 LPRINT “MACHINE TOOL NACHINE TOTAL AVE PART PART
PART PART®
2820 LPRINT * ¢ i TINE COST/LOT  COST/PART FEED SPEED
FEED SPEED®
2430 LPRINT * {nin) ($) () (sn/RPM}  (ma/uin)

{sa/RPH)  {(an/min"
2840 LPRINT “asssss st nystsst ey assta e a s ssssrssesssrsasesssssssssssassisst
182028200020 30400888008008
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2450 LPRINT
2460 FOR 1=1 TO 10
2470  READ RECORD 41 AltILIVL(I)) P3!

2480  LPRINT TAR(1) P31,TN$;TAB(12) P31, MN$;TAB{22) AI(VI(I));TAB(37) C1(VI(1));TABIS0) DI(VI(]

)13 TABLAS) EXIVI(I));TAB(7S) FL(VI(
13);TAB(BI) BLIVILIN){TAB(TS) HI(VI(IN
2490 IF W1(1)=0 THEN B60YOD 2520

2500  READ RECORD #1 RItI3(W1(I)) P3I

2510  LPRINT TAB(1) P31.TN$;TAB(12) P31, MNS;TAB(22) A2(W1(I))3TAB(37) C2(WL{1));TABIS0) D2(WI(]

));TAB(BS) E2(KI(1)};TAB(TS) F2(WI(
m
2520  READ RECORD #2 A1t21{X1(1)) P3!

2530 LPRINT TAB(1) P3L.TN$;TRB(12) P31, MN$;TAB(22) AT(X1(I));TAB(IT) CI(XLLIN)5TABISOY DI(X1(I

}); TAB(8S) E3(XI(I));TAB(7S) F3(X1{
n)
2540  READ RECORD #2 AIt23(YI(I)) P3!

2550 LPRINT TAB(1) P3L.TN$;TAB(12) PIL.MN$;TAB(22) A4(YI(I));TAB(I7) CALYI{I));TARISO) DA(YL(]

)5 TAB(&S) E4(YL(1));TAB(TS) FA(YIL

1)) ;TAB(BS) BA(Y1(I));TAB(3) HALYL(IN)
2560 IF 21{1)=0 THEN BOTO 2590

2570  READ RECORD 82 Alt24(I11(1)) P34

2580  LPRINT TAB(1) P31.TN$;TAB(12) PI1.MNS;TAB(22) AS(21(1));TAB(37) C5(21(1));TAB(S0) BS(24(]

1); TAB(BS) ES(Z1(1))3TAB(RS) FS(21(

m '

2590  LPRINT

200  LPRINT TAB(20) "COST FOR THIS PLAN IS=" Acc(I)
2610  LPRINT

2620 NEXT 1

2630 CLOSE

ENDFILE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 221 -

2310 DPEN "CiARR” AT &1 LEN=SIZE(PID)
2320 OPEK "C:BBE" AS §2 LEN=SIZE(P31)

2330 LPRINT ® ROUEH CUT
FINISE CUT®
2340 LPRINT "MACHINE T00L MACHINE TOTAL AVE PART FART
PART  PART®
2350 LPRINT = 4 i TIME COET/LEY  COST/PART  FEED SPEED

FEED  SPEED"

2360 LPRINT Foar et R e s s s R sa sy ss st st arssssssstosssssssssssy
1300020042000

2370 LPRINT

2380 FOR 1=! TC 20

2390  READ RECORD #3 RIt11(VI(D)) P34

2800 LPRINT TAR(1) PILTNS:TAB(LE PIL MNS;TAR(22) ALT(VI(I));TAR(IS) CHIVI{(D));TAR(SO) DIV
HE1) )3 TAR(ES) EX(VILI) 3 TRE(7S) FIL
VI(I) )i TAR(BS) BI(VICD) Y3 TARLOSY HI(VE(T))

2410 IF HI(I)=0 THEN GOTC 2440

2420  FEAD RECORD 8% AILIGUNI(I)) P3!

2430 LPRINT TAB(1) P31 TNE;TAB(IDY PILLMNG;TAR(22) A2(N1(]));TARIZS) C2(NL(1));TAE(50} D2(K
1U1))3TAB(BS) E2(NI(1));TAR(D) F2(
L RORD)

2440 READ RECORD #2 Alt21(XI(])) P3)

2450  LPRINT TAB(1) P31.TNS;TAB(1S) P3L.MNS;TAR(22) AZ(X1(I)};TAB(IS) CI(X1(1));TARISO! DI(X
113 TARLAS) EJCXI(I));TRE(TS) F3(
an

2450  READ RECORD $2 ALR23(YI(I)) P3!

2470 LPRINT TAE(1) P3L.TNS;TABUID) PIL.MN$;TAR(22) A4(YL(I));TAB(IS) CA(YL(I))3TAB(S0) D&LY
1(I));TABIAS) E4LYI(1));TAB(TS) F3I
YL(I) )3 TAR(BE) BI(YI(I));TAB(SY HALYI(I)?

2480 IF 21(1)=0 THEN 6070 2310

2490  READ RECORD 42 AIt241I1(1)) P3!

2500 LPRINT TAB(1) F3L.TN$;TARILSY PIL.MNG;TAR(22) AS(21(IN);TAR(ID) LS{I1N1)1;TARBLED) IB:2
11D TARIBE) ES(Z1(I));TAB(9S) F5I
11tn)

2510 LPRINT TAR(20) "COST FOR THIS METHOD 15=" Acc(l)

2520 LPRINT

2030 NEXT 1
END PROCEDURE

"MAIN Program:

10 WIDTH *LPT1:",132

20 DP=140:LP=550 '

30 Nif=2:NEF=2:MAT$="2":60TC 5600

40 'PROGRAM TG DISPLAY THE OBJECTIVE OF THE PROGRAM

S0 CLS

60 PRINT TAB(B) "S888asssttustutsstsrssrasesssrostasssssaasssssssassss’
70 PRINT TAB(B)"$ "
B0 PRINT TAB(B)*$ PROGRAN TD AID IN THE DEVELOPMENT OF A MICRO-BASED ¢*
90 PRINT TAB(B)"$ 1"
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100 PRINT TAB(B) 'S PROCESS PLANNINS SYSTEM 1
110 PRINT TAK(B)"$ z
120 PRINT TAB(B)'18 KRITTEN BY DAVID MELOCHE 1"
£3¢ PRINT TAE(E) "8 "
142 PRINT TAK(B!®$ FALL DF 1985 thy
150 PRINT TAE(B)"3 L e

160 PRINT TRE(R) " 88t essu st s st et st a st sstsussusssssasastersessssssess’
170 6OSUE Sta0
180 INFUT *PRESS (ENTER> TO CONTINUE®;X
19¢ CLS
200 *PROGRAM TO FEATURES OF PART TD BE MANUFACTURED
210 PRINT TAE(8)*TRIS PORTION OF THE PROGRAF WILL INTERROSATE YOU TO*
220 PRINT TAE(B)*DESCRIBE THE INDIVIDUAL FEATURES OF THE COMPONENT,®
230 PRINT TAR(E)"YOY WILL REOUIRE SPECIFIC INFORMATION SUCH AS THE SHAPE®
240 PRINT TAB(B:"TC BE CREATED, ITS CIMENSIONS, LOCATION, TOLERENCE AND®
25¢ PRINT TAE(B)*SURFACE FINISH, AS WZLL YDU ARt REQUIRED TG ANSWEF *
26¢ PRINT TAE(B)*SPECIFIC YES/ND QUESTIONS CONCERNING THE COMPONENT®
27¢ BOSUE G640
280 INPUT "PRESS (ENTER> TO CONTINUE®;X
290 CLS
300 *PORTION TO INDICATE THE BENERAL INFORMATION
310 PRINT °GENERAL INFORMATION®
320 E0SUR 5680
330 INPUT "NANE OF OPERATOR®;NAMES
340 INFUT °TODAYS DATE";DD2D$
350 INPUT *PART NUMBER®;PNU
36¢ INPUT °PART NAME ™;PN$
370 60SUB 5480
3B INPUT "PRESS (ENTER» TO CONTINUE®;X
390 CLS
400 PRINT "SPECIFIC PART INFORMATION®
410 6OSUE 5480
420 PRINT TAB(B)* TYPES OF WATERIAL THE SYSTEM CAN CONSIDER®
430 PRINT * *
. 440 PRINT TAB(12)*FOR CAST IRON INPUT........[1)*
430 PRINT TAB(12)"FOR 1020 STEEL INPUT..,.....(2)"
460 PRINT TAB{12)"FOR 4140 STEEL INPUT.......(3)*
470 PRINT TAB(12)"FOR BRASS INPUT...vvuusens  (4)®
480 GOSUB 5480
490 INPUT "PART MATERIAL IS*;MATS
500 CLS
310 INPUT *IS PART ROTATIONAL Y/N*;PRS$
520 IF PR$="N* GOTD 2790
530 PRINT "INPUT THE DIMENSIONS OF THE EAN MATERIAL®
540 PRINT * * :
950 INPUT °LENGTH OF PART *";LP
360 INPUT "DIAMETER OF PART®;DP
570 60SUE 58B0
SBO INPUT "PRESS CENTER> TO CONTINUE®;X
590 CLS
600 PRINT *SPECIFIC FEATURE DESCRIPTION®
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510 PRINT *DESCRIPTION OF EXTERNAL FEATURES®
620 BOSUE 5680

530 INFUT *ARE THERE ANY EXTERNAL TURNED FEATURES Y/N";As

£40 IF A$="N* GOTO 880

§50 INPUT "NUNBER OF FEATURES®;NEF

850 *SECTION TC DESRIBE THE EXTERNAL FEATURES

870 PRINT *STARTING FROK REFERENCE END USE € FOR STEPPED*

680 PRINT *AND T FOR TAPER 0 DESCRIBE FEATURES OF THE PART®

890 OPEN *D:EXTF.DAT® AS #1 LEN=SIIE(F10)

700 60SUB 5680

710 INPUT *PRESS CRETURN> TO CONTINUE®;X

720 FOR =1 10 NEF

730 CLS

740 PRINT *FEATURE®;1:PRINT * *

750  INPUT ®5 OF T*jF1C.EFs

760 IF PLOJEFS='T" GOTO 210

770 GOSUE 5720

780 P10,L=A% :P10,TL=AA% :P10,D=BE :P10.TD=B3E :P10.5F=CCC 1P1C, THS=DDS
790 WRITE RECORE £1,1,P10

800  GOTD BAD

810  GOSUB 5830

820  P10,L=EE;P10, TL=EEE: P10, SD=FF: P10, TSD=FFF1P10, FD=66: P10, TFD=656: P10, SF=HH
830  WRITE RECORD #1,1,P10

BA0 NEXT |

850 CLOSE 1

850 B0SUE 5580

B70 INPUT *PRESS CENTERY TD CONTINUE™;X

B8 CLS

850 PRINT "DESCRIPTION OF INTERNAL FEATLRES®

900 PRINT * *

910 INPUT *ARE THSRE ANY INTERNAL FEATURES ALONS THE AXIS OF THE PART (Y/N)*;BS
520 IF B$="N* GOTO 1700

930 INPUT DO THE FEATURES PASS THROUSH THE ENTIRE PART (Y/N)*;C$
540 IF C$="N* GOTD 1230

950 INPUT *NUNEER OF INTERWAL FEATURES®*;Nif

940 *SECTION TO DESCRIBE THE INTERNAL FEATURES

970 CLS

980 FRINT *STARTING FROM REFERENCE END USE § FOR STERPED *

990 PRINT "AND T FOR TAPERED TO DESCRIEE THE FEATURES®

1000 PRINT *OF THE FINISHED PART®

1010 OPEN *D:INTF.DAT® AS #1 LEN=SIZE(P11)

1020 GOSUB 5680

1030 INPUT "PRESS CENTERY TO CONTINUEY;X

1080 FOR 1=1 70 Nif

1050 CLS

1060  PRINT *FEATURE®;1:PRINT * *

1070 INPUT S OR T*;P11.1FAS

1080  IF P11, 1FA$="T" GOTO 1130

1090  GOSUB 5720

1100 PI1.LA=AA:P11, TLA=AAA: P11, DA=RE: P11, TDA=BEE: P11, SFA=CCC: P11, THAS=DDs
1110 NRITE RECORD #1,I,P11
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1120 6070 1170

113¢  6OSUR SES0

1140 PUI,LA=EE:PLY, TLR=EEE:P11,8DA=FF:P1], TEDA=FFF:F1}, FDA=BG: P11, TFDA=EES
115¢  P!1,5FA=HH

1460 WRITE RECORD #1,1,F2:

17¢ NEXT I

118¢ CLOSE

1190 BOSUE 480

1200 INPUT “PRESS <ENTER: TO CONTINUE®;X

1216 CLS

1220 ECTD 1700

123C INFUT "ARE THERE ANY INTERNAL FEATURES AT REFERENCE END Y/N®;D$
1240 IF D$="N" BOTD 1470

{250 INPUT °NUMEER OF FERTUREE AT REFERENCE END";Nifr

1260 PRINT * *

1270 PRINT "STARTINE FROM REFERENCE END USE € FOR STEFPED AND T*
1280 PRINT "FOR TAPERED TO DESCRIBE FINISHED COMPONENT®

1290 DPEN °D:INTFR® AS #! LEN=SIZE(P12)

130¢ 6OSUE S680

131C INPUT *PRESS (ENTER> TO CONTINUE®;X

1320 FOR I=1 70 Nifr

1330 CLS

1380 PRINT °FEATURE";I:PRINT ° *

1350  INPUT *5 DR T*;P12, IFRBS

1360 1F P12, IFRB$="T" 6OTO 1400

1370 6OSUE $720

1380  P12.LB=AA:P12, TLB=RAR:P12,DB=BE: P12, TDB=BBB: P12, SFB=CC: P12, THBS=DD$
1390 6070 1430

140¢  £0SUB 5830

141G P42,LB=EE: P12, TLB=EEE:PL2, SDB=FF: P12, TSDR=FFF

15820 P12,FDB=66:P12. TFDB=E66:P12, SFE=HH

1430 WRITE RECORD #1,1,P12

1440 NEXT 1

1450 CLESE

1460 CLS

1470 INPUT "ARE THERE ANY INTERNAL FEATURES AT OPPOSITE END Y/N";E$
1480 IF E$="N* 60TO0 1700

1490 INPUT °NUMBER OF FEATURES AT OPPOSITE END®;Nifo

1500 PRINT * *

1540 PRINT “STARTING FROM OPPOSITE END USE S FOR STEPPED AND T°
1320 PRINT °FOR TAPERED TD DESCRIBE FINISHED FEATURES®

1530 OPEN "D: INTFO* AS #1 LEN=SIZE(P13)

1540 60SUB 5680

1550 INPUT °PRESS (ENTER> TD CONTINUE®;X

1560 FOR I=1 TO Nifo

1570 CLS

1380 PRINT *FEATURE";1:PRINT * *

1390  INPUT *S OR T°;P13.IFOcs

1600 IF PI3.IF0cs="T" EOTD 1640

1610 BOSUB 5720

1620 P13.LC=AR:P13.TLC=AAA: P13, DC=BB: P13, TDC=BBB: P13, SFL=CC: P13, THC$=DD$
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1630 6OTC 1670

163G BLSUR SETO

1650 PIS,LC=EZ:PiT, TLC=EEE:P1Z, SDC=FF: P13, TSDL=FFF
1660 P13, FDC=06:P13. TFDC=GRE: P13, SFL=HH

1670  WRITE RECORD #1,1,P13

1680 NEXT ]

169¢ CLOSE

1700 CLS

1710 INPLT "ARE THERE ANY DRILL HDLES PARALLEL TD AXIS Y/N";F$
1720 IF F$="N* 6OTO 214C

1730 INPUT "ARE THERE ANY IN DIRECTION OF REFERENCE FLANE (Y/N)*;6¢
1740 IF 6$="N* BOTD 1940

§75¢ INPUT °NUMBER IN DIRECTION OF REFERENCE PLANE®;DHR
1760 OPEN *D:DRILLR® AS H! LEN=SIZE(P14)

177G FOF 1=t 70 DHR

1780 CLS

179 PRINT °DRILL HOLE™;I:PRINT * °

1800  PRINT °DISTYANCE FROK END =°

1810 PRINT °DEPTH = TOL =*

1820 PRINT “DIANETER= ToL =*

1830 PRINT °THREADED Y/N*

1840  LOCATE 3,20: INPUT * *,AA$:P14,DISD=VAL (AAS)
1850 LOCATE 4,8:INPUT * °,AR¢:F14,DPD=VAL (ARS)
1860  LOCATE 4,22:INPUT * *,ARS$:P14,TDPD=VAL (AAS)
1670  LOCATE S,10: INPUT * *,AR$:P14,DD=VAL (ARS)
1880  LOCATE 5,22: INPUT * *;AR$:P14.TDD=VAL (ARS)
1890  LOCATE &,14:INPUT * *,P14, THDS

190¢  WRITE RECORD #1,1,P14

1910 NEXT !

1920 CLOSE

1930 CLE

154G INPUT "ARE THERE ANY DRILL HOLES IN OPPOSITE DIRECTIDON Y/N®;H$
1950 IF H$="N" BOTO 2140

1960 INFUT *NUMBER IN OPPOSITE DIRECTION®;DHD

1670 OPEN "D:DRILLO* AS 8! LEN =SIZE(P13)

1980 FOR I=1 TD DHO

199¢ CLS

2000  PRINT *DRILL HOLE“;I1:PRINT * *®

2010 PRINT "DISTANCE FROM OPPQSITE END=*

2020 PRINT *DEPTH= ToL=*

2030  PRINT "DIAMETER= TOL=*

2080  PRINT °THREAD Y/N°

2050  LOCATE 3,28:1NPUT * *,PI5,DISE

2050  LOCATE 4,7:INPUT * °,RR$:P13.DPE=VAL (AAS)
2070  LDCATE 4,21:INPUT * *,AA$:P15, TDPESVAL (ARS)
2080  LOCATE £,10: INPUT ® * ARS:F15.DE=VAL (AAS)
2090 LOCATE §5,21:INPUT * °,AR$:P15.TDE=VAL(AAS)
2100 LDCATE &,12: INPUT * *,P15, THe$

2110 WRITE RECORD #{,1,P15

2120 NEXT I

2130 CLOSE
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2140 CLE

2150 INFUT "ARE THERE ANY DRILL HOLES ON THE EXTERNAL SURFACE Y/N";1$
2160 IF I$="N" EDTO 2340

2170 INPUT "NUMBER OF DRILL HOLZE ON EXTERNAL SURFACE®;EDH
2180 OPEN "D:EXDRILL" AS #§ LEN =SI1ZE(®is)

2190 FOR 1=} TO EDH

2200  CLS:PRINT "DRILL HOLE®;l:PRINT * ®

2210 PRINT °DISTANCE FROY REFERENCE END="

2220 PRINT “DEPTH= ToL=*

2230 FRINT "DIAMETER= ToL="

2240  PRINT °THREADED Y/N*

2250 LOCATE 3,2E:INPUT * *,Ple.EDRF

2260 LOCATE 4,7:INPUT * °,AR$:P1E.DPF=VAL (ARS)
2270 LOCATE 4,19: INPUT * * P&, TDFF

2280  LOCATE 5,10:INPUT ® *,RAS:P16.DF=VAL (ARS)
2260 LOCATE §,1%: INPUT * *,P1E.TDF

2300 LOCATE 6,143 INPUT * * P16, THFS

2310 WRITE RECORD #1,1,F1b

2320 NEXT 1

2330 CLOSE

2340 CLS

2350 INPUT *ARE THERE ANY INTERNAL KEYNAYS Y/N';J¢
2360 IF J$="N* 60TO 2560

2370 INPUT °NUMBER OF INTERNAL KEYNAYS®;INK

2380 OPEN "D:INTKEY" AS ¥1 LEN=SIZE(FI7)

2390 FOR I=1 7D INK

2400  CLS:PRINT "INTERNAL KEYNAY®;I:PRINT * °*

2410  PRINT °STARTING DISTANCE FROM REFERENCE END=*
2520  PRINT °FINISHINE DISTANCE FROM REFERENCE END=*
2430 PRINT "WIDTH= ToL=*

244C  PRINT “DEPTH= ToL="

2450  PRINT °SURFACE FINISH=’

2460  LODCATE 3,33:INPUT * *,P17.57D6

2470  LOCATE 4,39:INPUT * *,P17.FNDE

2480  LOCATE 35,7:INPUT * °,AR$:P17, INDG=VAL (AAS)
2490  LDCATE 5,19:INPUT * *,P17.TINDG

2500  LOCATE &,7:INPUT * °,AA$:P17.1DPB=VAL (RAS)
2510 LDCATE 6,19: INPUT * *,P17.TIDPE

2520  LOCATE 7,1&:INPUT * *,P17.IKSFb

2530 WRITE RECORD #%,1,P17

2540 NEXT I

2550 CLOSE

2560 CLS

2570 INPUT "ARE THERE ANY EXTERNAL KEYNAYS Y/N";K$
2580 IF K$=*N* 6OTQ 2770

2590 INPUT °NUMBEFR OF EXTERNAL KEYNAYS®;EXK

2600 OPEN *D:EXTKEY" AS #1 LEN=SIZE(P18)

2610 FOR I=1 TO EXK

2620  CLS:PRINT *EXTERNAL KEYWAY';1:PRINT * °

2630 PRINT *STARTING DISTANCE FROR REFERENCE END=*
2640  PRINT *FINISHINE DISTANCE FROM REFERENCE END=*
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2650 PRINT *NIDTH= 0=

2540 PRINT "DEFTH: TOL=*

2670 FRINT *EURFACE FINISH=*

2680  LOCATE 3,38:1NPUT * *,P1E.STDH

268G LDCATE 4,39: INPUT * * P18, FNDK

2700 LOCATE 5,7:INFUT * ¥, A8¢:PIE, ENDR=VAL (AAS)

2710 LOCATE 5,20: INPUT * * F1E, TEWDK

2720 LOSATE 6,70 INPUT * *,ARS:P16. EDPH=VAL (AAS)

2730 LOCATE &,20: INPUT * * P18, TEDSH

2740 LOCATE 7,16:INFUT * *,P18.EKSFH

2750 WRITE RECORD #1,1,P1B

2760 NEXT 1

2770 CLOSE

2780 EOT0 5510

2790 CLS

2800 PRINT *THIS SECTION NILL INTERRDSATE YOU TO DESCRIBE®
261C PRINT *THE FEATURES TO BE REMOVED TO MAKE THE FINISHED®
2820 PRINT °CONPONENT. THE INITIAL SHAPE MUST BE ONE OF THE °
2630 PRINT *FOLLOKING RECTANGLE, TRIANSLE, TRAPIZOID OF ROMEOID®
2840 PRINT *TO DESCRIBE PRISMATIC COMPONENTS YOU MUST SET UP A*
2850 PRINT "GLOBAL FRAME OF REFERENCE IN WHICH NO PART DF THE®
2850 PRINT CONPDNENT HAS A NEGATIVE CODRDINATE POINT®

287 GOSUE 5680

2880 INPUT *FRESS CENTER> TD CONTINUE®;X

2896 CLS

2900 OPEN *PRIS® AS # LEN=SIZE(P30)

2910 PRINT "$333030880308888 0800088t a88308s80tsaatstsasens”

2920 PRINT "8 ¢
2930 PRINT "8 STARTING SHAPE OF RAW MATERIAL IS t
2940 PRINT 8 $
2950 PRINT "t RECTANGLE INPUT <RECT> $”
2950 PRINT "t TRIANSLE INPUT <TRIR g
2970 PRINT *t  TRAPEZOID INPUT {TRAP> t
2980 PRINT *¢  ROMBOID INPUT <ROMB> t"
2990 PRINT *3 3

3000 PRINT "$3389888s8usssitssasasssseastsstnesssatossseesss’
3010 60SUE 3480

3020 INPUT *SHAPE OF INITIAL RAW MATERIAL 15";P30,PRISTS
3030 CLS

3040 IF P30.PRIST$="RECT* THEN EDTOD 3050 ELSE BOTO 3120
3050 PRINT *LENGTH OF RECTANGLE="

3060 PRINT *WIDTH OF RECTANELE="

3070 PRINT *HEIGHT OF RECTANGLE="

J0BO LOCATE 1,21:INPUT * *,AA

3090 LOCATE 2,20:INPUT * *,BE

3100 LOCATE 3,21: INPUT * *,CC

3110 6070 3400

3120 IF P30.PRIST$="TRIA® THEN EO0TD 3130 ELSE 60TD 322¢
3130 PRINT °LENGTH OF TRIANGLE="

3140 PRINT *BASE WIDTH OF TRIANGLE="

3130 PRINT ®HEIGHT OF TRIANSLE="
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3160 PRINT "ANGLE AT CORNER (0,0,0)=*

3170 LOCATE 1,213 INPUT * * A%

318C LOCATE 2,25: INPUT * * BE

3190 LOCATE 3,21¢INPUT * *,CC

3200 LOCATE 4,26: INPUT * *,EE

3210 GOTO 3400

3220 1F P30.PRIST$="TRAP® THEN BOTO 3230 ELSE 60TD 3320
3230 PRINT *LENGTH OF TRAPEZ0ID="

3240 PRINT *BOTTOM WIDTH=*

3250 PRINT *TOF KIDTH=*

3260 PRINT "HEIGHT="

3270 LOCATE 1,220 INPUT * *,AR

3280 LOCATE 2,15: INPUT * *,EB

3290 LOCATE 3,12: INPUT * *,FF

3300 LOCATE &,9: INPUT * *,CC

3310 60TO 3400

3320 PRINT "LENSTH OF ROMEOID="

333¢ PRINT *WIDTH OF RONBOID="

3340 PRINT *HEIGHT OF RONBOID="*

3350 PRINT *ANGLE AT CORNER (0,0,0)="

3360 LOCATE 1,20: INPUT * *,AA

3370 LOCATE 2,19:INPUT * *,BE

3380 LOCATE 3,20: INPUT * *,CC

3390 LOCATE 4,26: INPUT * *,EE

3400 P30.LT=AA: P30, TLT=AAA: P30, BT=BE: F30, TBT=BBB: P30, HT=CC: P30, THT=CLC
3410 P30, YAT=XXA:P30, XBT=XXB:P30, XCT=XXC:P30. YAT=YYA: P30. YBT=YYB
3420 P30,YCT=YYC:P30. IAT=12A: P30, IBT=11B: P30, 1CT=11C

3430 WRITE RECORD #1,,P30

3440 CLOSE

3450 CLS

3460 FRINT *DESCRIPTION OF EXTERNAL SURFACES TO BE MACHINED®

3470 BRINT * *

3480 INPUT *ARE THERE EXTERNAL SUKFACES TO BE MACHINED (Y/N)*;L$
3490 IF L$="N* GOTO 3830

3500 INFUT "NUMBER OF SURFACES*;NS

510 OPEN "EXTS® AS #1 LEN=SIZE(P20)

3520 FOR 1=1 T0 NS

3530 CLS

3040 PRINT "SEssbsasssasssasstssssasssssssessssssssasss’
3550  PRINT *t SHAPE TG BE REMOVED IS "
3360 PRINT *3 g
3370 PRINT %  RECTANGLE INPUT (RECT &
3580 PRINT *¢  TRIANBLE INPUT (TRIRY '
3390  PRINT 3  TRAPEZOID INPUT (TRAP) "
3600  PRINT ¢ ROMBOID INPUT <ROMB> ¢
3610  PRINT *t *

3620 PRINT “3Sesatsssssssssssassassstnsstasssasssesinse’
3630 60SUB 5880

3640  INPUT "SHAPE TO BE REMOVED®;P20.EXSK$

3630  IF P20.EXSK$="RECT" THEN 6OSUB 5950 ELSE GOTO 3480
3660 P20.DIRKS$=DDS
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3670  60TO 3760

3680  IF P20.EXSK$="TRIA® THEN EOSUE £2b60 ELSE 60TO 3710

3690 P20.AK=EE:P20.DIRK$=DDS$

3700 BOTO 3760

3710 IF F20,EXSI$="TRAP" THEN EOSUE 6410 ELSE GOTD 3740

3720 P20.UBK=FF:P20,TUBK=FFF:P20,DIRK$=DD¢

3730 60TO 3760

3740 IF P20,EXSK$="ROME® THEN 6OSUE &570

3780 P2C.AK=EE:P20.DIRK$=DDS

3760  P20,LK=RR:P20. TLK=RAA: P20, BX=BB: P20, TBK=BBB: P20. HK=CL: P20, THK=CCC
3770 P20.SFK=BE:P20,XAK=XXA:P20, XBK=YXB:P20, XCK=XXC:P20. YAK=YYA
3780 P20, VBK=YYB:P20.YCK=YYC: P20, IAK=11R: P20, IBK=11B: P20, ICK=11C
3790  WRITE RECORL #1,1,P20

3800 NEXT I

I810 CLOSE

3820 BDSUZ 5680

3830 INPUT *PRESS (ENTER® TO CONTINUE®;X

3840 CLS

3IBSO PRINT "ARE THERE ANY EXTERNAL FEATURES OTHER THEN SURFACES®
3860 INPUT "TO BE REMDVED Y/K*;M¢

3870 IF M$="N" 6OTC 4280

3880 INPUT °NUMBER OF FEATURES TO BE REMOVED®;NEFR

3890 OPEN °EXTFE® AS 81 LEN=SIIE(P2{)

3900 FOR 1=1 TO NEFR.

3910 CLS

3920  PRINT “t8gssssseaessssssdessasasssssasstsasssssassss”
3930 PRINT "3 t
3940  PRINT *# SHAPE TO BE REMOVED IS t"
3050  PRINT "% t"
3960 PRINT *$ RECTANGLE INPUT (RECT> "
3970  PRINT "% TRIANGLE INPUT CTRIAD 1
3980  PRINT 8 TRAPEIODID INPUT CTRAF 1"
3990 PRINT % ROMBOID INPUT <ROMB> o
4000 PRINT °$ PORTION OF CYLR. INPUT (PCYL> L
4010  PRINT "1 t"

4020  PRINT "SSBSpassassssssassssssssssssssssasssssessssss’
4030  6OSUE 5480

4040  INPUT “SHAPE TO BE REMOVED";P21.EXFL$

4050  INPUT *DOES FEATURE RUN FROM SURFACE TO SURFACE {Y/N)",P21.RSLLS
4050  INPUT "DOES FEATURE RUN ALONG A EDGE (Y/N)",P21,RAES$
4070 IF P2{.EXFL$="RECT® 60SUB 5950 ELSE 6OTO 4100

4080  P21.DIRL$=DD$

4090  GOTO 4210

4100  IF P21.EXFL$="TRIA® BOSUB 6260 ELSE GOTD 4130

4110  P21,AL=EE:P2].DIRL$=DD$

4120 6OTD 4210

4130 IF P21.EXFL$="TRAP® B60SUE 6410 ELSE GOTD 4150

4140  P21,UBL=FF:P21,TUBL=FFF:P21.DIRL$=DD$

4150  EOTO 4210

4160 IF P21,EXFL$="ROMB® BOSUER &970 ELSE 6OTD 4190

4170 P21.AL=EE:P21.DIRL$=DDS$
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1180 6070 4210

4190 IF P21.EXFL$="PCYL® GOSUB 7320

4200 P21, AL=HH

4210 P21,LL=AA:P21, TLL=AAA: P21, BL=BB: P21, TBL=BBB: P21, HL=CC: P21, THL=CLC
4220 P21,SFL=66:P21, XAL=XXA: P21, XBL=XXE: P21, XCL=XXC: P21, YAL=YYA
230 P21,YBL=YYE:P21,YCL=YYC: P21, 2AL=11A: P21, 1BL=11B: P21, 1CL=11C
4240 WRITE RECORD £1,1,P2!

4250 NEXT 1

4260 CLOSE

4270 BOSUR 5680

4280 INPUT *PRESS CENTERY TO CONTINUE®;X

4290 CLS

4300 INPUT "ARE THERE ANY NAJOK INTERNAL FEATURES Y/N*;Ns
4310 IF N$="N* GOTO 4470

1320 INFUT *NUNBER OF SEPERATE INTERNAL EROUPS OF FEATURES®;NSS
4330 OPEN "INTFEA® AS #! LEN =SI2E(P22)

4340 PRINT *FOF EACH SEPERATE GROUF DESCRIBE THE GHAPES®
4350 GOSUB 5680

4350 INPUT *PRESS CENTERD TO CONTINUE®;X

4370 FOR =1 TO NSS

1380 CLS

4390  PRINT *NUMBER OF SHAPES IN THE GROUP=*

4300 PRINT "DOES FEATURE PASS THROUGH THE PART="

4310  PRINT *ARE THE SHAPES ROTATIDNAL Y/N'

4420 PRINT *PARALLEL TO WHICH AXIS X/Y/1°

4830 LOCATE 1,32:INPUT * *,P22,NSE

4440  LOCATE 2,37:INPUT * *,P22,NAMS

4450  LOCATE 3,32:INPUT * *,P22, NEMS

4450  LOCATE 4,32:INPUT * *,P22,NCHS

4470 CLE

4480  PRINT *STARTING FROK NAJOF SURFACE USE § FOR STEPPED®
4490  PRINT “AND T FOF TAPEREL TO DESCRIBE THE FEATURES OF*
1500 PRINT “THE FINISHED PART*

4510  6OSUB 5680 :

4520 INPUT "PRESS CENTERY TO CONTINUE®;X

4530 FOR J=1 TO P22.NS6

4540 CLS:PRINT *FEATURE®;1:PRINT * *

4550  INPUT "5 OR T*;P22.INFNS

1550 IF P22, INFM$="T* GOTD 4500

4570 GOSUB 5720

4580 P22.LN=AA:P22,TLN=AAA: P22, DN=RB: P22, TDN=BBE: P22, SFH=CC: P22, THH$=DDS
4590  GOTO 4430 '

4500 GOSUB 5830

4610 P22,LM=EE:P22,TLM=EEE:P22, SDM=FF:P22, TSDM=FFF

4620 P22,FDM=66:P22, TFDN=666:P22, SFH=HH

4630 WRITE RECORD #1,1,P22

4640 NEXT )

4650 NEXT 1

4640 CLOSE

1670 CLS

4480 PRINT *SECTION TO DESCRIBE THE EXTERMAL DRILL HOLES*
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4690 PRINT * *

4700 INPUT “ARE THERE ANY EXTERNAL DRILL HOLES Y/N®;0$
4710 IF 0$="N" 60TC 5510

4720 BOSUE 5480

4730 INPUT *IN THE POSITIVE X DIRECTION Y/N*;P$

4740 1F P$="N" 6OTO 4850

A750 DFEN *DRILLX" AS #1 LEN=SIZE(P2Y)

4760 INPUT °NUMBER IN THE X DIRECTION®;DHX

4770 FOR I=1 TO DHX

4780  CLS:PRINT °DRILL HOLE ";1:PRINT * °*

4790  BOSUE 7670

4BOC P23, DFN=RA: P27, TDPN=AAAR: P23, DN=BE: P23, TON=BBE: P23, SFN=CC
4810 P23, XN=XXA:P2I,YN=YYA:P23,IN=7ZR:P23, THNS=DD$

4820 WRITE RECORL #1,1,P23

4830 NEXT I

4840 CLOSE

4850 CLS

4860 INPUT *ARE THERE ANY IN THE NEBATIVE X DIRECTION®;Q¢
4870 IF @$="N* 60TD 4990

48B0 DFEN "DRILLNX® AS 3: LEN=5IIE(P24)

4890 INPUT *NUMBER IN NEGATIVE X DIRECTION®;DHNX

4900 FOR 1=1 7D DHNX

4910  CLS:PRINT "DRILL HOLE®;I:PRINT * *

4920  6OSUE 7670 .

4930  F24.DPD=RA: P24, TDPD=AAA: P24, D00=BE: P24, TD0=BBE: P24, SFO=CC
4940  P24.X0=YXA:P24,Y0=YYA:P24.20=77A: P24, THO$=DD$

4950  WRITE RECORD #1,1,P24

4960 NEXT 1

497¢ CLDSE

498¢ CLS

4930 INPUT *ARE THERE ANY IN THE POSITIVE Y DIRECTION®;R$
S00¢ IF Re="N* 60T0 5§10

5010 OPEN ®DRILLY" AS #1 LEN=SIIE (P2D)

9020 INPUT "NUMBER IN POSITIVE Y DIRECTION®;DHY

9030 FOR I=1 TO DHY

5040  CLS:PRINT "DRILL HOLE®;I:PRINT * ®

5050  6OSUB 7470

5060  P25,DPP=RA: P25, TDPP=ARR: P25, DDP=BB: P25, TDDP=BEB: P25, SFF=LC
3070  P25,XP=XXA:P25,YP=YYA: P25, IP=11A: P23, THP$=DD$

S0B0  KRITE RECORD #1,1,P25

3090 NEXT 1

9100 CLOSE

3110 CLS

9120 INPUT *ARE THERE ANY DRILL HOLES IN THE NEGATIVE Y DIRECTION®;S$
G130 IF S$="N* 6OTD 5240

9140 INPUT °NUMBER IN NEGATIVE Y DIRECTION®;DHNY

5150 OPEN “DRILLNY®* AS 1 LEN=SIZE(P26)

5160 FOR I=1 TO DHNY

5170 CLS:PRINT *DRILL HOLE®;I:PRINT * *

9180  BOSUE 7670

5190 P25.DPR=AA:P26, TDFR=ARA: P2&, DO=BE: P26, TDA=BBB: P26, SFA=CL
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5200 P2¢.Y0=XXA:P2E,YD=YYA:P26,20=224: P25, THOS=DDS
€210 WRITE RECORD #1,1,P2¢

€020 NEXT |

5230 CLOSE

5240 CLS

5250 INFUT *ARE THERE ANY DRILL HOLES IN THE POSITIVE I DIRECTION®;Ts
5350 IF Ts=*K* 60TC 5370

5270 INFUT *NUNBER IN PGSITIVE 2 DIRECTION®;DH:

5280 OPEN *DRILLZ® AS #1 LEN=SIZE(P27)

5290 FOR I=1 TC DKI

5300 CLS:PRINT *DRILL HOLE*jI:PRINT * *

5310  BOSUR 7670

€320 P27, DPR=AA:P27, TOPR=AAK: P27, DR=BB: P27, TDR=RBE: P27, SFR=CC
€230 P27, XR={XA:P27,YR=YYA:P2?, IR=12A:P27, THRS=DDS

5340 WRITE RECORD #1,1,P27

5350 NEXT I

5350 CLOSE

5370 CLS

§380 INPUT *ARE THERE ANY IN THE NEGATIVE 7 DIRECTION®;U$

S390 IF Us="N* 6OTO 5510

5400 INPUT *NUMBER IN NEEATIVE 1 DIRECTION®;DHNI

5410 OPEN *DRILLNZ® AS #1 LEN=SIZE(F28)

5420 FOR I=1 T0 DHNZ

5430 CLS:PRINT *DRILL HOLE®;I:PRINT ® *

5440 GOSUB 7670

5450  P28,DPS=AA: P28, TDPS=AAA: P28, DDS=BB: P28, TDDS=BBE: P26, SFS=CL
5460  P28.YS=XXA:P28,YS=YYA:P28.25=12A:P28, THS$=DDS

5470  NRITE RECORD #1,1,P28

5480 GOSUE 5680

5490 NEXT |

5500 CLOSE

3510 CLE
SO20 PRINT “$388tsssssssssasateassasasseasssstsassassssssasstsess’
9530 PRINT "8 t*

5540 PRINT “t THIS COMPLETES THE SECTION OF PART DESCRIPTION h
9S50 PRINT *t THE SYSTEM WILL KNOW DETERMINE THE OPTIMUM PROCESS 3°
5360 PRINT *t PLAN BASED ON THE DESCRIPTION YOU PROVIDED AND THE $°

o570 PRINT 3 MACHINES YOU HAVE AVAILABLE IN YOUR SHOP L &
5980 PRINT *t 1"
G390 PRINT CSessssasssasssassssassssssssssasaesssasssasssaaessstss’
5600 Mach

5610 INPUT "THE NUMBER OF PARTS IN THE LDT=";Lots

S£20 Baoth

9430 STOP:END

o640 FOR 11=1 TO 10
9650 PRINT * °*
Jt60 NEXT 11

9670 RETURN

5680 FOR Il=1 70 &
9690 PRINT * °
5700 NEXT 11
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5710 RETURN

5720 PRINT "LENETH= ToL="

5730 PRINT "DIAMETER= ToL="

5740 PRINT *SURFACE FINISH=*

5750 PRINT "THREADED Y/N*

5760 LDCATE 4,B:INPUT * *, ARS:RA=VAL (AAS!
G770 LOCATE 4,23:INPUT * *,AAR

9780 LOCATE §,10: INPUT * *, AA$:BB=VAL (ARS)
9790 LOCATE §,23:INPUT * *,BBE

SBO0 LOCATE &,16 :INPUT ® *,CCC

9810 LOCATE 7,13:INPUT * *,DD$

5820 RETURN

5B30 PRINT *LENGTH= T0L="
5840 PRINT *START,DIA.= TaL="
9850 FEINT *FINISH DIA.= TOL=*

5860 PEINT "SURFACE FINISH="

5870 LOCATE 4,B:INPUT * *,AR%:EE=VAL (AAS)
$880 LOCATE 4,23:INPUT * *,EEE

SBRC LOTATE S,12: INPUT * *,AR$:FF=VAL (AAS)
5900 LOCATE 5,23:INPUT * *,FFF

3910 LOCATE £,13: INPUT * *,AAS: 65=VAL (ARS)
5920 LOCATE &,23: INPUT * *,B56

5930 LOCATE 7,16:INPUT * *,HH

3940 RETURN

5950 CL5

596 FRINT °LENETH OF RECTANGLE= ToL="
S970 PRINT "KIDTH OF RECTANGLE= ToL=*
3980 FRINT °HEIGHT OF RECTANGLE= ToL="

3990 PRINT °SURFACE FINISH OF FEATURE="
6000 PRINT * *
6010 PRINT "LOCATE THREE CORNEF PTE ON ONE FACE OF RECTANGBLE™

6020 PRINT °FIRST CORNER PT; X= ¥z 1=*
6030 PRINT * *
6040 PRINT °SECOND CORNER PT; X= Y= 1=*
6050 PRINT * *
6060 PRINT *THIRD CORNER PT; X= Y= =*

5070 FRINT * *:PRINT "DIRECTION OF TRAVEL OF RECTANGLE IS <X OR Y OR 2)*
8080 LOCATE 1,21: INPUT * *, ARS: AA=VAL (ARS)
6090 LOCATE 1,36: INPUT * *,AAA

8100 LOCATE 2,20: INPUT * *,AAS:BE=VAL (AAS)
6110 LOCATE 2,35: INPUT * *,BBB

6120 LOCATE 3,21: INPUT * *,AR$:CC=VAL (ARS)
6130 LOCATE 3,36:INPUT * *,CCC

6140 LOCATE 4,27: INPUT * *,B6

8150 LOCATE 7,21: INPUT * *,AAS: XXASVAL (AAS)
8160 LOCATE 7,28: INPUT * *,AAS: YYA=VAL (AAS)
6170 LOCATE 7,36: INPUT * *, 224

5180 LOCATE 9,21 INPUT * *,AAS$: XXB=VAL (ABS)
8190 LOCATE 9,28:INPUT * *,AAS:YYB=VAL (AAS)
£200 LOCATE 9,3t: INPUT * *,17B

6210 LOCATE 11,21 INPUT ® *,ARS: XXC=VAL (AAS)
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6220 LOCATE 11,28: INPUT * ®, AAS: YYC=VAL (ARS)

6230 LOCATE 11,36: INPUT * *,22C

6240 LOCATE {3,51:INPUT * *, DD$

6250 RETURN

6260 LLE

£27¢ PRINT "SECTION TO DESCRIBE THE TRIANGLE TO BE REMOVED®
6280 PRINT * *

6290 PRINT "LENGTH OF TRIANBLE= ToL="
6100 PRINT "WIDTH OF TRIANGLE= TOL="
6310 PRINT * HIEGHT= ToL="

£320 PRINT *SURFACE FINISH OF FEATURE=*
8330 PRINT *ANSLE AT LEFT BASE="

£340 PRINT * *

6350 PRINT *LOCATE THREE CORNER PTS ON ONE FACE®
£360 PRINT * *

£370 PRINT *FIRST CORNER PT; Y= Y= 1=°

£39¢ PRINT “SECOND CORNER FT; X= : =

5390 PRINT *THIRD CORNER PT; X= Y=

6400 PRINT * *

5410 PRINT *DIRECTION OF TRAVEL IS <X DR Y DK I>*;DD$
6420 LOCATE 3,201 INPUT * *,ARS:AA=VAL (AAS)

6430 LOCATE 3,36: INFUT * *,AAR

6440 LOCATE 4,203 INPUT * *,ARS:BB=VAL (AAS)

6450 LOCATE 4,36: INFUT * *,BBB

4850 LOCATE 5,20: INPUT * *,AAS:CC=VAL (AAS)

6470 LOCATE 5, 3b: INPUT * *,CCC

6480 LOCATE &,27: INPUT * *,66

5490 LOCATE 7,19 INPUT * *,EE

6500 LOCATE 11,20: INPUT * *,AAS:XXA=VAL (AAS)

6510 LOCATE 11,27 INPUT * *,ARS: YYA=VAL (AAS)

4520 LOCATE 11,35: INPUT * *, 124

0 o~y

6530 LOCATE 12,20: INPUT * *,AAS: XXB=VAL (ARS)
6340 LOCATE 12,27:INPUT * *,AAS: YYE=VAL (AAS)
6350 LOCATE 12,35: INPUT * *,12B

6560 LOCATE 13,205 INPUT * *,AAS:XXC=VAL (RAS)
6570 LOCATE 13,27: INPUT * * ARS:YYC=VAL (AR$)
€580 LOCATE 13,3S:INPUT * *,22C

£390 LOCATE 1Z,3B: INPUT * *,DD$

6600 RETURN

6610 CLS

6620 PRINT *SECTION TD DESCRIBE THE TRAPEZDID TD BE REMOVED®
6430 PRINT * *

6640 PRINT "LENBTH OF TRAPEI0]ID= TOL=*
6630 PRINT * BOTTOM WIDTH= TOL=*
6650 PRINT * HIEGHT= ToL=®
6670 PRINT ® TOP WIDTH= ToL=*

6680 PRINT "SURFACE FINISH OF FEATURES="

6590 PRINT * *

b670¢ PEINT °LOCATE THREE CORNER PTS ON ONE FACE®
6710 PRINT * *

6720 PRINT "FIRST CORNER PT; X= Y= 1=*
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£730 PRINT
6740 PRINT
6750 PRINT
6760 PRINT
6770 LOTRYE
6780 LOCATE
£780 LOCATE
6200 LOCATE
6210 LOCATE
820 LOZATE
6830 LOCATE
6840 LOTATE
4850 LOZATE
LRG0 LOCATE
6870 LOCATE
6880 LDCATE
6890 LOCATE
£900 LICATE
£910 LOCATE
£92¢ LOCATE
5930 LOCATE
6940 LOCRTE
6950 LOCATE
6960 RETURN
6970 CLS
6980 PRINT
£9%0 PRINT
7000 PEINT
7010 PRINT
7020 PRINT
7030 PRINT
JO040 PRINT
7050 PRINT
7060 PRINT
7070 PRINT
7080 PRINT
7090 PRINT
7100 PRINT
7110 PRINT
7120 PRINT

- 236 -

*SECOND CORNER PT Y=
*THIRD COSNEF PT; X=

*DIRECTION OF TRAVEL

Y=

2=
1=

IS <X OF Y OF 2>°

3,200 INBUT * %, AAS: AG=VAL (AAS)
3,361 INPUT * Bk
8,208 INBUT * *, A%8: BEVAL (AAS)
4,38 INFUT * *,BBR
€, 202 INPUT * *,AAS:CC=VAL (AAS)
5, 361 INPUT * *,CCC
§,21: INPUT * *, AAS:FF=VAL (AAS)
6,361 INPUT * * FFF
7,28: INOUT * *, 66

11, 20: INPUT
11,263 INPUT
11,33 INPUT
12,20: INPUT
12,26: INPUT
12,33 INPUT
13, 20: INFUT
13,261 INPUT

*, ARS: YXA=VAL (ARS)
" BAS: YYAZVAL (AAS)
12k

' AAS: XXB=VAL (ARS)
' ARS: YYE=VAL (AAS)
' 218

" AAS: XXC=VAL (ARS)
" ' ARS:YYC=VAL (ARS)

13,3 INPUT * *, 220
15,38: INPUT * *,DD8

*SECTION TC DESCRIBE THE ROMBOID 7D BE REMOVED®
*LENETH OF FEATURE= TOL=*
*  FERTURE WIDTH= TOL="
' FEATURE HEIBHT= T0L="

*ANGLE OF FEATURE="
*SURFACE FINISH OF FEATURE="

"LOCATE THREE CORNER PTS ON ONE FACE®
*FIRST CORNER PT; IX= Y= ="
*GECOND CORNER PT; X= = ="
*THIRD CORNER PT; 1X= = 1=*

*DIRECTION OF TRAVEL IS (X DR Y OR 23°

7130 LOCATE 3,19: INPUT * *,AA$:AA=VAL (ARS)
7140 LOCATE 3,34: INPUT * *,AAR

7150 LOCATE 4,19 INPUT * *,AA$:BB=VAL (AAS)
7160 LOCATE 4,34: INPUT * *,BBE

7170 LOCATE 5,19: INPUT * *,AA$:CC=VAL (ARS)
7180 LOCATE 5,34: INPUT * *,CCC

7190 LOCATE 4,19 INPUT * *,EE

7200 LOCATE 7,27: INPUT * * 66

7210 LOCATE 11,21: INPUT * *,ARS: XXA=VAL (ARS)
7220 LOCATE 11,28: INPUT * *,ARS: YYA=VAL (AAS)
7230 LOCATE 11,35:INPUT * *, 774
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7240 LOCATE
7250 LOCATE
7260 LOCATE

12, 28 INFUT
12,28 INPUT
12,351 INPUT

- 237 -

*,RAS: XXB=VAL ARS)
', AAS:YYB=VAL (AAS)

*,11B

- ® v = ®w w o

7270 LOCATE 13,21:INPUT * *,AR$:XXC=VAL(AAS)
7230 LOCATE 13,2B: INPUT * °,ARS: YYC=VAL (AAS)
729¢ LOCRTE 13,38:INPUT * *,21C
7300 LOCATE 1S, 3EINFUT * *,DD¢

7310 RETURN
7320 CLS

7330 PRINT °SECTION TD DESCRIBE THE PDRTION OF A CYLINDER TD BE REMDVED®
7340 PRINT

7350 PRINT "LENETH OF FEATURE= TOL="
7360 PRINT *  WIDTH OF BASE= ToL="
737 PRINT *  HEIGHT OF ARC= TOL="

738¢ PRINT *RADIUS OF ARC=*

7390 PRINT *SURFACE FINISH OF FEATURE="

7400 PRINT " *

74{C PRINT °LOCATION DF CENTER OF ONE BASE®
7420 PRINT *X= ¥= 1="
7430 PRINT * °*

7440 PRINT *LOCATION OF TOF OF ARC®

7450 PRINT *X= Y= 1=*
7460 PRINT * *

7470 PRINT "LOCATION OF OPPOSITE END DF BASE®

7480 PRINT *X= Y= ="
7490 LOCATE 3,19: INPUT * *,AA$: AA=VAL (AAS)

7500 LOCATE 3,34:INPUT * *,ARA

7510 LOCATE 4,19: INPUT * *,ARS: EB=VAL (ARS)
7520 LOCATE 4,34:INPUT * *,EBR

7530 LOCATE 5,19: INPUT * *,AA$:CC=VAL (RAS)
7540 LOCATE £, 34: INPUT * *,CCC

7550 LOCATE &,19: INPUT * *,HH

7540 LOCATE 7,27:INPUT * *,66

7570 LOCATE 10,3: INPUT * ®,ARS: XXA=VAL (RAS)
7580 LOCATE 10,173 INPUT * *,ARS:YYA=VAL (ARS)
7590 LOCATE 10,32: INPUT * *,1ZR

7600 LOCATE 13,3:INPUT * *,AR$:XXB=VAL (ARS)
7610 LOCATE 13,17: INPUT * *,AR$: YYB=VAL (RAS)
7620 LOCATE 13,32:INPUT * *,11B

7630 LOCATE 16,31 INPUT * *,AR$: XXC=VAL(AAS)
7640 LOCATE 16,17:INPUT * °,AAS:YYC=VAL (ARS)
7650 LOCATE 1&,32:INPUT * *,11C
7¢60 RETURN

7670 PRINT *  DEPTH=

7680 PRINT *DIAMETER=

7¢90 PRINT *SURFACE FINISH=*
7700 PRIKT °*THREADED Y/N*

7710 PRINT * °

7720 PRINT *LOCATION OF DRILL HOLE®
7730 PRINT ®X-COORDINATE="

7740 PRINT *Y-COORDINATE="

TOL=*
ToL=*
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775¢ PRINT "2-CODRDINATE="

7760 LOCATE 3, 10:INPUT * °,AAS:AR=VAL (AAS)
777C LOCATE 2,25: INPUT * °,ARR

7780 LOCATE 4,10:INPUT * °, ARS:BB=VAL (AAS)
7790 LOCATE &4,25:INFUT * *,BBE

7800 LOTATE T,i6:INPUT ¢ *,CC

7810 LOCATE &, 14: INFUT * *,DD$

7820 LOCATE 9,14:INPUT * *,XXA

7830 LOCATE 10, 14: INFUT * °,YYA

7840 LOCATE 11,14:INPUT * °*,12A

7830 FETURN

ENDFILE
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SOURCE

10 LPRINT "$833888888888sss88ssssasssssssss’
20 LPRINT * OPERATION REBUIRED TD BENERATE °®
30 LPRINT * THE EXTERNAL FEATURES ’
40 LPRINT "$3330333300303283833838028828388"
50 LPRINT:LPRINT
60 OPEN ®D:EXTF.DAT® AS #1 LEN=SIZE(P10)
70 A=3,1415265: HATT=0
80 FOR J=1 TO NEF
90 READ RECORD #1 1 P10

100 IF P10,EF$="T" THEN GOTO 130

110  MATT=HATT+(F10,L3 (AS(DP)*2/4-A%(P{0,D)*2/4))
120  GOTO 140

130 MATT=MATT+P10.L¥((AR(DP)2/4-A3(PSO,FD)42/4)+,58 (RS (P10, FD)*2/4-A%(P10,5D)*2/4))
140 NEXT 1

150 CLOSE

160 OPEN *D:ALTI® AS #1 LEN=SIZE{F40)

170 DPEN *C:AAA" AS 82 LEN=SIZE(P3])

180 OPEN *D:EXTF.DAT® AS 43 LEN=SIZE(P10)

190 P=1:R=]

200 AR1=AAL-1

210 FOR I=1 TO AA}

220  READ RECORD &1 I P40

230  READ RECORD #2 P40.A1 P3!

240  T0U1=P31,TDL:5F1=P31, SUF

250  IF P40,A3<0 THEK P40.A3=0

260 IF P40,AT=0 THEN BOTD 300

270  READ RECORD 42 P40.A3 P31

280  TOL2=P31,TOL:SF2=P3{,SUF

290 &OTO 310

300  TOL2=100:5F2=100

" 310 IF TOL1>YOL2 THEN TOL1=TOL2

320 IF SFi)SF2 THEN SF1=5F2

330  FOR J=1 TO NEF

340 READ RECORD #3 J P10

350 IF P10,EF$="T" THEN 6OTO 380

360 IF TOL1<P10.TD AND SF1(P10,SF THEN BOTD 400

370 EXIT 70,540

380 IF TOL1<P10,TSD AND TOLI<P10,TFD AND SF1<P10.SF THEN 6OTO 400

390 EXIT 70,540

400  NEXT J

410  LET ALT11(P)=P40.Al

420  1F P<2 THEN 60TD 460

430 FOR J=1 TO P-1

440 IF ALT11(J)=ALT11(P) THEN EXIT TO,4B0

450 NEXT )

460  IF PA0.A3=0 THEN HH(P)="N" ELSE HH(P)="Y*®

470 P=P+}

480  LET ALTI3(R)=P40.A3

490 IF R¢2 THEN 60TD 530

500 FOR J=1 TO R-{
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310 IF ALTI3(I)=ALTI3(R) THEN EXIT YO,540

520 NEXT )

930 R=R+{

540 NEXT ]

930 P=P-1:R=R-{

560 IF P>0 THEN 60TO 590

570 LPRINT *NO TURNING TODLS AVAILABLE TD PERFORM THE OPERATIONS®
980 6070 1210

590 LPRINT *TOOLS AVAILABLE FOR TURNING®:LPRINT:LPRINT

600 LPRINT * Rough
cut Finish ctut®
410 LPRINT °"MACHINE  TOOL TINE PER TOTAL TOTAL AVE DEPTH  FEED
SPEED FEED SPEED BRI
NDING®
820 LPRINT * 3 1 PART TINE COST CosT {sn)  (ma/RPH)
(an/ain)  (an/RPN) (ma/min} REQ
UIRED®

630 FOR J=1 TO P
640  READ RECORD 42 ALTIL()) P3I
650  IF MATS$="1" THEN 11=.bbbb
660  IF MAT$="2" THEN I1=i
670  IF MAT$="3" THENK I1=.70
4BO  IF MAT$="4" THEN 11={
690  MTP=MATT/PJ!.MRR3I1+,28NEF
700  TT=LOTS$ (KTP4P3S.LUT) !
710 TC=TT$P31,0C+P3L. TCY (NTP-, 28NEF) +P31,5C
720 ACP=TC/LOTS
730 DEP=P31.TNR "FEED RATE
740 LET RA(J)=NTP
750 LET BB(J)=TT
760 LET CCID)=TC
T 770 LET DD(J)=ACP
780  LET FF{J)=DEP
790  DEP=P31.TAAR2?
B0O  LET EE(J)=DEP
B10  DEP=(P31.MRR$Z2)/(EE(JISFF(J))
B20 LET 66(J)=DEP
830 NEXT
B40 IF CHDICE$="PRR® THEN 60TD 1000
850 FOR I=1 TO P
BO FORJ=1 TDP
870 IF DD(I)>DD(J) THEN BOTO 970
880 SWAP ALTI11(I},ALTILID)
890 SNAP AA(I),AR(J)
900 SWAP BB(1),BB(])
910 SWAP CC(D),CC(J)
920 SHAP DD(I},DD(])
930 SKAP EE(1),EE(])
240 SWAP FF(1),FF{])
950 SWAP 66(11,66(J)
980 SWAP HH(I),HR(D)
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970 NEXT )
980 NEXT I
990 60TO 1140
1000 FOR 1=1 TO P
1010 FOR J=1 YO P
1020 IF AR(I)OAR(Y) THEN BOTO 1120
1030 SHAP ALTII(]),ALTIICD)
1040 SHAP AA(I),AR(])
1050 SWAP BB(I),BB(J)
1060 SwAP CC(I),CCL)
1070 SWAP DD(1),DD(J)
1080 SNAP EE(I),EE(])
1090 SWAP FF(1),FF(])
1300 SHAP B6(1),66(J)
1110 SHAP HH(I),HH(J)
1120 NEXT
1130 NEXT 1
1140 FOR I=1 TO P
1130  READ RECORD #2 ALT11(I) P31
1160  DEP=P31.TNR3. 25
1170 ACP=6BIII%1.1
1180  LPRINT TAB{1) P31.TN$;TAB(11) P31.MN$;TAB(20) AA(I);TRAB(33) BB(1);TAB{44) CC(I);TAB(S7) D
DCI);TAB(AB) EE(I);TAB (76) FF(I);T
AB{B2) 66(1);TAB(95) DEP;TAB(104) ACP;TAE(119) HH(D)
1190 NEXT I
1200 LPRINT:LPRINT
1210 IF RY0 THEN 60T0 1240
1220 LPRINT "ND GRINDING TOOLS AVAILABLE TO PERFORM THE DPERATIDN®
1230 6070 1820
1240 LPRINT "BRINDING TOOLS AVAILAELE®:LPRINT:LPRINT

1250 LPRINT "MACHINE T00L TIME PER TOTAL TOTAL AVE DEPTH FEED
SPEED*
1260 LPRINT * ¢ L PART TINE gost CosT (ma) {nn/R
PH) {RPM)®
1270 FOR J=1 TO R
1280  IF ALTI3(R)=0 THEN 60TO 1480 "NEXT R

1290  READ RECORD #2 ALTI3(R) P31
1300  IF WAT$="1" THEN 11=.bbbb

1310 IF MAT$="2" THEN 11=1,3333

1320 IF MAT$="3" THEN Il=}

1330 IF MAT$="4* THEN I1=2

1340  WTP=,28NEF ' (+LENGTH/FEEDIS1Z
1350 TT=(NTP+P3{,LUT)SLOTS

1350  TC=TT4P31,0C+P31, TCS (NTP-. 28NEF) P31, 5C
1370 ACP=TC/LOTS

1380  DEP=P31.TAAS11

1390 LET AA(J)=NTP

1400 LET BB(J)=TT

1410 LET CC(J)=TC

1420  LET DD(J)=ACP

1430 LET EE(J)=DEP
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1440  DEP=P31.TH1.25
1450 LET FF(J)=DEP
1460  DEP=P31.MRR$I1/(FF(J))
1470  LET 66(J)=DEP
1480 NEXT )
1490 IF CHOICE$="PRR" THEN GOTC 1640
1500 FOR I=1 TO R
1510 FOR J=t TO R
1520 IF DD(1)<DD(J} THEN 60TO 1410
1530 SNAP ALTI3(I),ALTI3W)
1540 SWAP AA(I),AA(])
1530 SWAP BB(1),BB(D)
1560 SWAP CCIID,CCAI)
1570 SWAP DD(1),DD(J)
1580 SWAP EE(I),EE(])
1590 SHAP FF{1),FF{J)
1600 SWAP 66(1),66(J)
1610 NEXT §
1620 NEXT 1
1630 6070 1770
1640 FOR I=t TO R
1650 FOF J=1 TO R
1660 IF AALT)<AR(J) THEN 6OTD 1750
1670 SHAP ALTI3(D),ALTI3()
1680 SNAP AA{1),AALJ)
1690 SNAP BB(1),BB{J)
1700 SNAP CC(I),CC(D)
1710 SWAP DD(I), DDUD)
1720 SHAP EE(I),EE(])
1730 SKAP FF(I),FF(J)
1740 SNAP 6611),66()
1750 MEXT )
1760 NEXT 1
1770 FOR I=1 TO R
1780  IF ALT$3(I)=0 THEN £0TO 1810 "NEXT 1
1790  READ RECORD #2 ALTI3(1) P38 '
§800  LPRINT TAB(1) P31, TN$;TAR(12) P31.MN$;TAB(23) AA(I);TAB(IB) BB(I);TAB(49) CC(I);TAB(SY) D
D(I);TAB166) EEII);TAB(79) FF(I);TA
B{BY) BELI)
1810 NEXT I
1820 CLOSE
1830 LPRINT:LPRINT
ENDFILE
SOURCE
10 LPRINT *sssssssssssssasssssssssssssss”
20 LPRINT *  OPERATIONS REQUIRED TO °
30 LPRINT * GENERATE INTERNAL FEATURES *
40 LPRINT ® WHICH PASS THROUGH THE PART *
50 LPRINT *S88888sssssasaassrsssassssss”
60 LPRINT:LPRINT
70 OPEN *D:INTF.DAT* AS #1 LEN=SIZE(P11}

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 245 -

BO Matt=0:LENGTH=0

90 Dian=1000000

100 FOR 1=1 TO Nit

110 READ RECORD #¢ I P11

120 LENGTH=LENGTH+P11.LA

130 IF Pi1,1Ffs="T" THEN EOTD 170

140  Matt=Matt+(P11,LAR(3,14158(P11.DAY~2/4)})

150 IF Diae)Pi1.DA THEN Dian=P}!,DA

160 6070 200

170 Matt=Matt+(P{{.LASC(3, 14158 (P11,5DA)~2/4)+{,58{2, 14158(P31,FDAI~2/4) -3, 14158(P 11, 5DAI*2/4
m

180  IF Diam)P11.SDA THEN Dias=P1{,SDA

190 IF Diaa)P!1.FDA THEN Diam=P!{.FDA

200 NEXT 1

210 CLOSE

220 Matt=Natt-3.34158LENGTHS(Dian)~2/4

230 OPEN *D:ALT2® AS ¥1 LEN=SI2E{(P41)

240 OPEN *C:BBB* AS #2 LEN=SIIE(P3}) !

250 OPEN *D:INTF.DAT® AS #3 LEN=SI1ZE(P11)

260 P={:R=1:0=1

270 FOR 1=1 TO Bb!

280  READ RECORD #3 I P4t

290  READ RECORD §2 P41,B3 P3!

300 Toli=P31,TOL:S¢1=P31,5UF

310 IF P41,B4=0 THEN BOTD 340

320 READ RECORD #2 P41.B4 P3!

330  Tol2=P31.70L:5¢2=P31.5UF:60TD 350

J40  Tol2=100:5f2=500

350 IF Tol1)Tol2 THEN Toli=Tol2

360  IF S1>5¢2 THEN 5§1=5¢2

370 FOR J=1 TO Nif

380 READ RECORD 83 J P11

390 IF P11 IFA$="T" THEN 60TD 420

400 IF ToliCP11.TDA AND Sf1<P11,SFA THEN 60TO 440 YNEXT J
40 EXIT 70,450 PNEXT 1
420 IF Tol1<P11,TSDA AND Tol1<P11,TFDA AND SF1CPI1.SFA THEN SOTD 440
430 EXIT 70,850 *NEXT 1
440 NEXT J

450  LET A1t21(P)=P41,B!

460  IF PC2 THEN 6OTD 500

470  FOR A=1 TO P-1

480 IF A1t21 (A)=R)E21(P) THEN EXIT 70,510
490  NEXT A

300 P=P+{

510 LET Alt23(R)=P4]1,B3

920  IF P41,B4=0 THEN GR$(R)="K" ELSE BRS(R)="Y"
930 IF RC2 THEN 60T 570

940  FOR A=1 TO R-

350 IF ALt23(A)=A1t23(R} THEN EXIT 10,580
960  NEXT A

370  R=R+{
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SB0  IF PA1.B4=0 THEN 6DTD 450

590 LEY A)t241Q)=P4q,B4

400 IF Q<2 THEN &OTD &40

610 FOR A=! TO @-1

620 IF A1t24(A)=A1t24(0) THEN EXIT 70,450 'NEXT 1
30 NEXT A

640 Q=0+

650 NEXT 1

460 P=P-1:R=R-1:8=0-1

670 IF P>0 THEN 60TC 700

480 LPRINT * ND RECORDS AVAILABLE TO PERFORM THE DRILLING OPERATION®
690 BOTO 1180

700 LPRINT "DRILLINE RECORDS AVAILABLE*:LPRINT:LPRINT

710 LPRINT *MACHINE TOOL TIME PER TOTAL | TOTAL AVE FE
ED SPEED®

720 LPRINT * & ] PART TINME £osT £osT {en/
RPN) (aa/win)*

730 FOR I=1 TO P

740  READ RECORD 42 A)t21(I) P31

750 IF HAT$="1" THEN 11=,bbbb

760 IF MAT$="2" THEN 12={

770 IF MAT$="3" THEN 11=.70

780  IF MAT$="4° THEN I1=]

790 AAA(T)=(LENGTHS3. 14158 (Diar)~2/4) /P31, NRRSZ2 "LENGTH/FEED RATE

800  BBB(I)=LOTS# (ARA(I}+P3L.LUT) 'TOTAL TIME ON MACHINE
810  CCC(I)=BBB(I)$P31,0C+P31.TCSAAA(I)+P31.5C *TOTAL COST PER LOT

820  DDD(I)=CCC(I)/LOTS *AVERAGE COST PER PART
830  IF P31, TNR=0 THEN P3{.TNR=2

B40  EEE(I1)=P31.TNRSZI *CALCULATE TOOL FEED

BS0O  FFF(I)=P31.MRR$1Z/(EEE(1)$3,1415¢(Dian)*2/4) ’CALCULATE TOOL SPEED
860 NEXT I

" B70 IF CHDICE$="PRR* THEN 6070 1010
B8O FOR 1=1 TO P
890 FDRJ=1 TD P
900 IF DDD{1)>DDD(J) THEN BOTO 980 "NEXT J
210 SKAP ARA(T),ARA(J)
920 SWAP BBB(I),BBB(])
930 SWAP CCC{(I},CCC(J)
940 SWAP DDD(I),DDD(J)
350 SWAP EEE(I),EEE(J)
960 SWAP FFF(I),FFF(J)
970 SWAP Alt21(1),A1t210J)
980 NEXT J
990 NEXT 1
1000 6OTD 1130
1010 FOR 1=1 TO P
1020 FOR J=1 TO P
1030 IF ARACT) YAAA(D) THEN 60TD 1110 TNEXT
1040 SWAP AAR(I},ARA(J)
1050 SWAP BBB(I),BBE(J)
1060 SwApP CCC(I),CCCHD)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 247 -

1070 SWAP DDD(I},DDD(J)

1080 SWAP EEE(]),EEE(J)

1090 SWAP FFF(I),FFF(J)

1100 SWAP Alt21(1),A1t2) (J)
1110 NEXT

1120 NEXT 1

$130 FOK I=1 TO P

1140  READ RECORD #2 Alt2i(1) P31

1150  LPRINT TAR(]) P31.TN$;TAB(13) P31,MN$;TAB(27) ARA(I);TAB(42) BBB(I);TAB(SE) CCC(I);TRB(AY

) DDD(I);TAB(B1) EEE(1);TAB(92) FFF

{1

1160 NEXT 1

1170 LPRINT:LPRINT

1180 IF RX0 THEN 60TO 1200

1190 60TD 1750

1200 LPRINT °*BORINE RECORDS AVAIABLE":LPRINT:LPRINT
1210 LPRINT *

FINISH CUT®

1220 LPRINT *MACHINE TDOL TIME PER  TOTAL TOTAL AVE T00L
EED FEED SPEED b
RINDING®

1230 LPRINT *  § L PART TIME CosT COST  DEPTH
ain)  (ma/Rpa) {sn/nin) R
EQUIRED"

1240 FOR 1=t TO R

1250  READ RECORD #2 Alt23(1) P31

1260  IF NAT$="1" THEN 2Z=,6666b

1270  IF MAT$="2" THEN 11={

1280  IF MAT$="3" THEN I1=.70

1290  IF MAT$4="4" THEN I1={

1300 AAA(I)=Matt/PI1.MRR81Z+.28Nif "TINE TO MACHINE

§310  BBB(I)=LOTSS (ARA(T)+P31.LUT) "TOTAL MACHINE TIME
1320  CCC(I)=BBB(I)$P31,0C+P31, TCS(AAA(I)-,28Nif)+P31,SC 'TOTAL COST

1330 DDD(1)=CCC(I)/LOTS " AVERAGE COST

1340  EEE(1)=P3{,TAASI 'DEPTH OF CUT

1350  IF P31.TNR=C0 THEN P31.TMR=1

1360  FFF(I)=P31.TNR

1370 666(1)=(P31.MRREZ2)}/(FFF (1) SEEE(]))
1380 NEXT I

1390 IF CHOICE$="PRR® THEN 60TD 1540
1400 FOR I=1 TO R

1410 FOR J=1 TDO R

1420 IF DDD(I)3DDD{J) THEN 6OTO 1520
1430 SWAP AILZ3{1),A1t23(3)

1440 SWAP ARA(T),AAA(J)

1450 SWAP BBBI{1),BBB(J)

1460 SNAP CCC(I),CEC(I)

1470 SWAP DDD(1),DDD(J)

1480 SWAP EEE(]),EEE(])

1490 SWAP FFF(I),FFF(J)

1500 SWAP 66E(1},666(J)
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1310 SWAP 6R$(1),BRS$ ()

1520  NEXT J

§530 NEXT 1:60T0 1680

1540 FOR I=1 TO P

1550 FOR J=1 TD R

1540 IF ARA(I1)AAA(J} THEN 60TO 1660

1570 SWAP AIE23(D),A1t23(J)

15680 SWAP AAA(I),AAA(J)

1590 SWAP BBB(I),BBB(J}

1600 SNAP CCC(D),CCC(I)

1610 SWAP DDD(1),DDD(J)

1620 SWAP EEE(I),EEE{J)

1630 SWAP FFF(1),FFF(J)

1640 SWAP 666(1),666(4)

1650 SWAP BR$(I),ER$ (1)

1660  NEXT J

1670 NEXT ]

1680 FOR 1= TO R

1690  READ RECORD #2 Alt23(I) P3|

1700  DEP=RGG(I}1.1

1710  ACP=P31.TNR$.25

1720 LPRINT TAB(1) P31.TN$;TAB(9) P31.NN$;TAB(19) AAA(I);TAB(28) BBB(I);TRB(39) CCCII);TRE(S0)
DDD{1);TAB(A1) EEE(I);TAB(70) P31.
TNR; TAB(BO) 666(1);TAB(92) ACP;TAB(103) DEP;TAB{122) GRS (I)
1730 NEXT 1

1740 LPRINT:LPRINT

1750 IF @>0 THEN 60TD 1780

1760 LPRINT °ND TOOLS AVAILABLE TD PERFORM GRINDING®
1770 6070 2290

1780 LPRINT "GRINDING TOOLS AVAILABLE®:LPRINT:LPRINT

1790 LPRINT *MACHINE TooL TIME PER TOTAL TOTAL AVE TOOL
T00L TooL®
1800 LPRINT * & i _PART TIME cosT cosY DEPTH

FEED SPEED"
1810 FOR 1=1 TO @
1820  READ RECORD #2 A1t24(I) P31
1830  IF MAT$="1" THEN 11=|
1840  IF MAT$="2" THEN 21=!
1850  IF MAT$="3" THEN 1=}
1860  IF MAT$="4" THEK 12=1
1870 IF P31, TW(=0 THEN P31.TW=25
1880  AAA(I)=.28Nif37Z+LENGTH/(,S8P31.TN) "MACHINE TIME PER PART
1890  BBB(I)=LOTSS (AAR(I)+P31.LUT)
1900  CCC(I)=BBB(1)3P31,0C+P31, TCS(AAA(I}-.28Nif)+P31,5C *TOTAL COST
1910 DDD(I)=CCC(I)/LOTS 'AVERABE COST PER PART
1920  EEE(1)=P31.TAASZ1
1930 FFF(1)=P31,TW$.25
1940  666{1)=P31.NRR$2Z/(EEE(I)SFFF (D))
1950 NEXT I
1960 1F CHOICE$="PRR" THEN B6OTO 2110
1970 FOR I=1 TO Q@
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1980 FOR J=1 TO 0
1990 IF DDD(I)>DDD(J) THEN GOTOC 2080
2000 SWAP A1t24(1),A1t24())
2010 SWAP ARA(]),ARALY)
2020 SWAP BBB(I),BBB(J)
2030 SWAP CCC(I),CCC(d)
2040 SWAP DDD(I),DDD(J}
2050 SWAP EEE(I),EEE(J)
2060 SWAP FFF(1),FFF(J)
2070 SWAP 666(1},666(J)
2080  NEXT
2090 NEXT 1
2100 60TD 2240
2110 FOR 1=1 TD Q
2120 FOR J=1 TD @
2130 IF ARA(I)YAAR(J) THEN 60TD 2220
2140 SWAP ALt24(1),A1t24(J)
2150 SWAP ARA(I),ARAR(J)
2160 SWAP BBR(I),BBB{])
2170 SWAP CCC(1),CCC(I)
2180 SWAP DDD(I),DDD(}
2190 SWAP EEE(I),EEE{J)
2200 SWAP FFF(1),FFF()
2210 SWAP 6BB(1),666(0)
2220 NEXT J
2230 NEXT 1
2240 FOR I=1 T0 @
2250  READ RECORD 42 Alt24(1) P3}
2260  LPRINT TAB({) P31.TN$;TAB(11) P31.KN$;TAB(24) AAA(I);TAB(3B) BBB(I);TAB(49) CCC(I);TAB(62
) DDD(1);TAB(75) EEE(1);TAB(B&) FFF
(I);TAB{95) 66B(I)
2270 NEXT 1
2280 LPRINT:LPRINT
2290 CLOSE
ENDFILE
SOURCE
10 LPRINT *s388888888888888ssssssssesss”
20 LPRINT ®*  OPERATIONS REGUIRED TO*
30 LPRINT ® GENERATE INTERNAL FEATURES®
40 LPRINT * WHICH ORIGINATE FROM THE °
50 LPRINT * REFERENCE END *
60 LPRINT "sessssasssasssssastassrsess®
70 LPRINT:LPRINT
80 OPEN *D:INTFR® AS #! LEN=SIZE(P12)
90 Dian=1000000
100 Matt=0:Length=0
110 FOR I=1 TO NIFRR
120 READ RECORD #1 I P12
130 Length=Length+P12.LB
140 IF P12,1FRB$="T" THEN 60T0 180
150 Matt=Matt+(P12,LB3(3,14158(P12,DB)*2/4))
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160 IF DiaaP12.DB THEN Dias=P12.DB

170 60T 210

180  Matt=Natt+(P12,LB8 (3, 14158 (P12,5DB)~2/4)+(,58(3, 14158 (P12, FDB)A2/4) -3, 14158 (P12, 5DB) ~2/4
1)

190 IF Diam)P12.FDB THEN Dian=P12,FDB

200 IF Dian)P12,5DB THEN Dian=P12.5DB

210 NEXT 1

220 CLOSE

230 Natt=Matt-3,14158Lengtht (Diam) *2/4

240 OPEN *D:ALT3® AS #f LEN=SIZE (P42)

250 OPEN *C:BBE® AS 82 LEN=SIZE(P3{)

260 OPEN *D:INTFR® AS #3 LEN=SITE(P12)

270 P=1:R=1:0+1

280 FOR I=1 T0 Ccl

290  READ RECORD 31 1 P42

300  READ RECORD #2 P42.C3 P31

310 Tol1=P31.T0L:5¢1=P31,SUF

320 IF P42.C4=(0 THEN GOTD 350

330  READ RECORD 42 PA2.C4 P3i

340 Tol2=P31.T0L:5¢2=P31.5UF:60TD 360

350  Tol2=100:52=500

360 IF Tol1>Tol2 THEN Toll=Tel2

370 IF S§1)5F2 THEN 5f1=5f2

380  FOR J=1 10 Nifr

390 READ RECORD 43 J P12

400  IF P12.1FRB$="T* THEN GOTO 430

410 IF Tol1<P12,TDB AND Sf1<P12,5FB THEN GOTO 450 *NEXT

420 EXIT 10,660 YNEXT 1

30 IF Toli<P12,TFDB AND Toli¢P12,TSDB AND S5f1<P12,SFB THEN 60TO 450

M40 EXIT 10,640

450 NEXT )

460  LET AIt31(P)=P42.Ct

470 IF P<2 THEN BOTO 510

480  FOR A=1 T0 P-1

490  IF ALt31(AI=AIE31(P) THEN EXIT 70,520

500  NEXT A

510 P=P41

520 LET AIt33(R)=P42,C3

530 IF P42,C4=0 THEN 6r$ (R)="N* ELSE 6r$(R)="Y®

540 IF R¢2 THEN GOTO 580

550 FOR A=1 70 R-!

560 IF AIt33(AI=ALt33(R) THEN EXIT 70,590

570 NEXT A

580  ReRel

590 IF P42,C4=0 THEN GOTD 640

800  LET Alt34(8)=P42,C4

810 IF B<2 THEN BOTD 50

620  FOR A=) T0 0-1

830 IF ALE3M(A)I=AIE34(A) THEN EXIT T0,660

640 NEXT A

£50 8=+
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660 NEXT 1

670 P=F~1:R=R-1:0=0-

680 IF PX0 THEN &OTO 710

$90 LPRINT "NO DRILLING TOOLS AVAILABLE"

700 BOTO 1190

710 LPRINT "DRILLING TOOLS AVAILABLE®:LPRINT:LPRINT

720 LPRINT "MACHINE To0L TIME PER TOTAL
FEED SPEED"

730 LPRINT * % ] PART TIME
an/RPH) (an/ain)"

740 FOR 1=1 TO P

750  READ RECORD #2 AIt31(1) P3{

760 IF Mat$="1" THEN 11=,6bbb

770 IF Mat$="2" THEN 11=t

780 IF NMat$="3* THEK 11=.70

790 IF Mat$="4* THEN 12=1

800  AA{I)=(Lengtht3,14158(Diar)~2/4) /P31, HRR *LENGTH/FEED RATE

TOTAL

cost

810  BB(I)=Lotss (AA(I)+P31.LUT) "TOTAL TIME ON MACHINE

820 CC(I)=BB(I)$P31.0C+P31. TCSAA(I)+P31.5C *TOTAL COST
830  DD{(I)=CC(I)/Lots *AVERAGE COST
840  IF P31.TNR¢=0 THEN P3!,TNR=2
850 EE(I)=P31,TNR3,25 "FEED RATE
860 FF(I)=P31,MRR$Z1/(EE(I)$(3.14158(Diam)*2/4)) *SPEED
870 NEXT 1
880 IF Choice$="PRR" THEN 60TD 1020
890 FOR I1=1 TO P
900 FOR J=1 TOP
910 IF DD(I)>DD(J) THEN BOTO 990 "NEXT J
920 SWAP AA(T),AALD)
930 SWAP BB(I),BB(J)
.90 SWAP CC{I},CCLI)
930 SWAP DD(1),DD(D)
9560 SWAP EE(I),EE(J)
970 SWAP FF(I),FF{])
980 SWAP AlE31(1),A1E3103)
290 NEXT J
1000 NEXT
1010 607D 1340
1020 FOR 1=t TO P
1050 FOR J=1 TO P
1040 IF AR{T)XAA(J) THEN 6OTO 1120
1050 SWAP AR(T),RA(D)
1060 SWAP BB(I),BB(J)
1070 SWAP CCLI),CC(D)
1080 SWAP DD(I),DD{J)
1090 SWAP EE(I),EE())
1100 SWAP FF(1),FF{J)
1110 SWAP A1E31(1),A1L31LD)
1120 NEXT 3
1130 NEXT 1
1140 FOR 1= TO P
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1150  READ RECORD #2 Alt31(P) P3!

1160  LPRINT TAB(1) P31.TN$;TAB(13) P31.MN¢;TAB(26) AR(I);TAB(42) BE(I);TAB(SS) CCUI);TAE(E:) D
D(1);TAB(B4) EE(I);TAB(9S) FF(I)

1170 NEXT I

1180 LPRINT:LPRINT

£190 IF R>0 THEN BOTO 1220

1200 LPRINT *ND BORING TOOLS AVAILABLE®

$210 6070 1780

$220 LPRINT °BORING TOOLS AVAILABLE":LPRINT:LPRINT

1230 LPRINT * ROUBH CUT
FINISH CUT®

1240 LPRINT *NACHINE TOOL  TIME PER TOTAL TOTAL AVE T00L FEED 5F
EED FEED SPEED  BRIND

ING*

1250 LPRINT * 4 L] PART TIME CosT cosT DEPTH (ea/Rpn) (ma/
ain) (na/Kpa) (ma/min} REQUI
RED®

1260 FOR 1=1 0 R
1270 READ RECORD #2 Alt33(I) P3
1280  IF Mat$="1" THEN 11=,bbbbb
1290 IF Mat$=*2* THEN 11=1
1300 IF Mat$="3* THEN 11=.70
1310 IF Mat$="4* THEN 2Z=1
1320 AA(1)=Matt/P31.NRR812+, 28Nifr
1330 BB(I)zLotst (AT} +P31.LUT)

1340  CC{I)=BB(1)8P31,DC+P3L. TCE(ARLT) -, 28Ni fr)+P31.5C

1350  DDII)=CC(I)/Lots

1350  EE(1)=P31.TAARII *DEPTH OF CUT
1370 FF(1)=P31,TNR

1380  B5(1)=P31,NRK$ZZ/ (FF(1)$EE())

1390 NEXT 1
1400 IF Choice$="PRR® THEN 60TO 1550
1410 FOR 1=1 T0 R
1420 FOR J=1 1O R
1430 IF DD(13YDDCI) THEN GOTO 1530
1440 SNAP ATE33(D),AIE33(0)

1450 SHAP AA(I),RALD)
1450  SWAP BB(I),BB(J)
1470 SHAP CCID),CC(I)
1480 SWAP DD(I),DDJ)
1490  SWAP EE(I),EE()
1500 SWAP FF(I),FF(J)
1510  SWAP E5(I),66())
1520 SNAP Er$(1),6r${d)
1530 NEXT J

1540 NEXT 1:60TD 1£90
1550 FOR 1=1 T0 R
1560  FOR J=1 T0 R
1570 IF AACT)DARCI) THEN GOTO 1670
1580  SKAP A1tI3(I),AIE33())

1590 SKAP AALD),AALJ)
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1600 SWAP BB(I),BB(])
1610 SKAP CCCID,CCU)

1620 SWAP DD(I),DD(J}

1630 SWAP EE(I),EE(D)

1640 SKAP FF(D),FF())

1650 SWAP BB(D),E6(1)

1650 SWAP 6rs(1),Brs(d)

1670 NEXT

1680 NEXT 1

1690 FOR 1=1 TO R

1700 READ RECORD 42 A1t33(1) F3)

1710 DEP=GB{1)81,1

1720  ACP=P31.TNR$.25

1730 LPRINT TAB(1) P31, TNS;TAR(9) P31.MN$;TAB(1B) AACI);TABI29) BBII);TABI40) CC(1);TAB(S0) DI
(1);TAB(&2) EE(1);TABIT2) P31, TNR;T
AB(79) B&(1);TAB(93) ACF;TAB(103) DEP;TAB(117) Gré(I)
1740 NEXT 1

1750 LPRINT:LPRINT

1760 IF @30 THEN GOTO 1790

1770 LPRINT *ND GRINDING TOOLS AVAILABLE®

1780 6OTD 2300

1790 LPRINT "AVAILABLE GRINDING RECORDS*:LPRINT:LPRINT

1800 LPRINT "MACHINE To0L TIME PEK TOTAL TOTAL AVE To0L T
ooL TooL®

1810 LPRINT * 4 1 PART TINE cosT CosT DEPTH F
EED SPEED*®

1820 FOR I=1 TD @

1830  READ RECORD #2 Alt34(I) P31
1840 IF Mat$="1" THEN 11=1

1850  IF Mat$="2" THEN 11=1

(1860 IF Mat$="3" THEN 1I=1

1870  IF Mats="4" THEN 12=1

1880  IF P31.TW=0 THEN P3{,TN=25
1890 AA(I)=.28Nifr +Length/(.StP31.TH)
1900  BB(I)=Lotss(AA(I)4P31.LUT)

1910 CC{I)=BB(1)8P31,0C+P31.TCI(AA(I)-,28Nifr) +P3}.5C
1920 DD(I)=CC{1)/Lots

1930 EE(I)=P31.TAASI1

1940 FF(I)=P31.TW8,25

1950  66(1)=P31.MRR$ZZ/(EE(I)$FF(I))
1960 NEXT I

1970 IF Choice$="PRR® THEN 601D 2120
1980 FOR I=1 TO @

1990 FOR J=1 T0 @

2000 IF DD{I)>DD(J) THEN 6OTO 2090
2010 SHAP AIt34(1),RA1t34(])

2020 SHAP AR(T),AR(J)

2030 SNAP BB(I),BBI(J)

2040 SWAP CC(1),CCt)

2050 SWAP DD(1),DD(J)

2050 SKAP EE(]),EE(J)
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2070 SWAP FF(I),FF(J)
2080 SWAP BE6(1),B66(J)
2090  NEXT J
2100 NEXT 1
2110 6070 2250
2120 FOk J=1 TO @
2130 FOR J=1 TO @
2140 IF AALT) YAA(J) THEK BOTO 2230
2150 SWAP A1t34(1),R1t34(J)
2160 SWAP AR(1),AR()
2170 SWAF BB(I),BB())
2180 SWaAP CC(D),CCA)
2190 SWAP DD(I),DD(J)
2200 SWAP EE(I),EE(J)
2210 SWAP FF(I),FF{J)
2220 SWAP BB(1),661(J)
2230 NEXT J
2240 NEXT 1
2250 FOR I=1 TO @
2250  READ RECORD 82 Alt34(I) P3!
2270  LPRINT TAB(1) P31.TN$;TAB(11) P3!.MN$;TAB(25) AA(1);TAB(3IB) BB{I);TAB(4B) CC(I);TAB(40) D
D(1);TAB(72) EE(I);TAB(B2) FF(I);TA
B(92) B6(I)
2280 NEXT I
2290 LPRINTsLPRINT
2300 CLOSE
ENDFILE
SOURCE
$0 LPRINT “SS8ssssasssssanssssssssssssastssss’
20 LPRINT * OPERATIONS TO GENERATE FEATURES *
30 LPRINT ® AT OPPOSITE END OF FEATURE '
40 LPRINT "3338323833822338323830028023232388°
50 LPRINT:LPRINT
60 CLOSE
70 OFEN "D: INTFO® AS #1 LEN=SIZE(P13)
80 DIAM=1000000
90 FOR I=1 TO NIFD
100 READ RECORD #1 I P13
110 LENGTH=LENGTH+PI3,LC
120 IF P13,IFOC$="T* THEN 60TO 140
130 MATT=MATT+(P13.LC8(3. 14158 (P13.DC)*2/4))
140  IF DIAMMP13.DC THEN DIAM=P13.DC
150 6070 190
160 MATT=MATT+(P13.LCH((3, 14158 (P13,.5DC)*2/4)+(,58(3, 14158 (P13, FDC)*2/4)-3, 14158 (P13,5DC)*2/4
"
§70  IF DIAMMP13.FDC THEN DIAM=P13.FDC
180 IF DIAMMP13,SDC THEN DIAM=P13,SDC
190 NEXT I
200 CLOSE
210 NATT=NATT-{{(DIAM)~2/4)8$3, 141 SSLENGTH
220 DPEN "D:ALTA" AS &1 LEN=SIZE(P43)
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230 OPEN °C:BBB® AS 42 LEN=5IIE(P3})
240 DPEN "D: INTFO® AS #3 LEN=SIZE(P13)
250 P=1:R=1:0=1

260 FOR I=1 TO DD!

270
280
290
300
310
320
330
340
350
360
370
380
390
400
4o
420
£30
440
150
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
510
620
830

READ RECORD #1 1 P42
RERD RECORD #2 P43.D3 PJI
TOL1=P31. TOL:SF1=P31. SUF
IF P43,D4=<0 THEN 6OTD 330
READ RECORD 42 P43.D4 P5Y
TOL2=P31, TOL:SF2=P31.SUF:60TD 340
TOL2=100:SF2=100
IF TOL1)>TOL2 THEN TOL1=TOL2
IF SF1)5F2 THEN SF1=5F2
FOR J=1 TO NIFD
READ RECORD #3 J PI3
IF P13, IFOC$="T" THEN 60TD 410
IF TOLICPI3.TDC AND SFICP13.SFC THEN 60TD 430 ’NEXT
EXIT 10,640
IF TOLICP13.TSDC AND TOL1<P13.TFDC AND SFICP{3.SFC THEN BOTD 430
EXIT T0,640
NEXT 3
LET ALTA (P}=P43.D1
IF P<2 THEN &0TO 4%0
FOR A=1 TO P-!
IF ALTA1(R)=ALTA1(P) THEN EXIT 70,500
NEXT A
P=F+1
LET ALTA3(R)=P43.D3
IF P43,D4=0 THEN GR$(R)="N" ELSE BR$(R)="Y"
IF RC2 THEN GOTO 560
FOR A=1 TD R-{
IF ALT43(A)=ALT43(R) THEN EXIT 10,570
NEXT A
R=R+]
IF P43.D4=0 THEN BOTO 40
LET ALTA4(R)=P43,D4
IF 9¢2 THEN 60TO 830
FOR A=1 TO @-{
IF ALT44(A)=ALT44(Q) THEN EXIT 10,440
NEXT A
=0+

640 NEXT 1

650 P=P-{:R=R-1:0=0-1

660 IF PX0 THEN BOTO 690 :

670 LPRINT *NO DRILLING TOOLS AVAILABLE TO PERFORM THE OPERATION®
680 60TD 1180

690 LPRINT *DRILLING RECORDS AVAILABLE®

700 LPRINT:LPRINT:LPRINT

710 LPRINT "MACHINE T00L TINE PER TOTAL TOTAL AVE
EED SPEED®
720 LFRINT * 4 L] PART TINE cosT CosT
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/RPH) (sa/min)®
730 FOR 1= TO P
740  READ RECORD #2 ALT41(1) P3)
150  IF MAT$="1" THEN 17=.86bb6
760 IF MAT$="2" THEN 11=1
770 IF MAT$="3* THEN 11=.70
780 IF MAT$="4" THEN 11=1
790 AA{I)=(LENGTH$3, 14158 (DIAN)~2/4) /P31, NRR
800 BB(I)=LOTSS{AA(I}+P3L,LUT)
810 CC(I)=BB(I)8P31.0C+P3L.TCRAA(])+P31,5C
820 DD(1)=CC(I)/LOTS
830 IF P31.TNR=0 THEN P31.TNR=2
B40 EE(I)=PJ1.TNR3.25
850  FF(I)=P34.MRR/(EE(I)${3, 14158 (DIAN)~2/4))
860 NEXT 1
870 IF CHOICE$="PRR" THEN &0TD 1010
880 FOR 1=1 TO P
8% FORJ=1 TO P
900 IF DD(1)>DD(J) THEN GOTC 980
910 SHAP AR(D),AA(D)
920 SNAP BB(1),BB(J)
930 SWAP CC(1),CC()
940 SWAP DD{1),DD(J)
250 SWAP EE(1),EE(J)
960 SWAP FF(I1),FF{D)
970 SRAP ALTAI(I),ALTAL1(J)
980 NEXT J
990 NEXT 1
1000 6OTD 1330
1010 FOR I=1 TD P
-1020  FOR J=1 TO P
1030 IF AA{D)>AA(J) THEN BOTD 1110
1040 SWAP AA(]),AA(J)
1050 SWAP BB(1),BB(J)
1060 SWAP CC{1),CC(J)
1070 SWAP DD(1),DD())
1080 SWAP EE(1),EE(J)
1090 SWAP FF(I),FFID)
1100 SWAP ALTA1(1),ALT41(J)
1110 NEXT 2
1120 NEXT ]
1130 FOR I=1 TO P
1140  READ RECORD #2-ALT41(1) P31
1150  LPRINT TAB(1) P31.TN$;TAB(12) P31.TN$;TAB(22) AA(I);TAB(35) BB(I);TAB(48) CC(I);TAB(A5) D
D(I);TAB(B2) EE(1);TAB(97) FF(I)
1160 NEXT I
1170 LPRINT:LPRINT
1180 IF R0 THEN 6OTD 1210
1190 LPRINT *NO BORING TOOLS AVAILABLE TD PERFORM THE OPERATION®
1200 60TD 1750
1210 LPRINT®AVAILABLE BORING RECORDS*:LPRINT:LPRINT
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1220 LPRINT *

B CUT

FINISH CUT '

1230 LPRINT ®MACHINE To0L TINE PER TOTAL TOTAL

SPEED FEED SPEED  GRIN
DING*
1240 LPRINT * % L PART TIME cosT

(an/ain} {(an/Rpa) (ma/ain) REQU

IRED®

1250 FOR I=1 TO R

1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370

READ RECORD #2 ALT43{I) P31

IF MAT$="1" THEN 12=.bb6bb

IF HAT$="2" THEN 11=!

IF NAT$="3" THEN 11=.70

IF MAT$="4" THEN 1I=1
AALT)=MATT/P31,NRR$IZ+. 2¢NIFD
BB(I)=LOTS8 (AA(]) +P31,LUT)
CC(I)=BB(I)$P31.0C+P3), TCE (AA(]) -, 28NIFD) +P31.5C
DD(I)=CC(1) /LOTS

EE(1)=P31. TAASZL

FF{1)=P31. TNR

66(1)=P31. MRRSZZ/(FF(])SEE(I})

1380 NEXT 1
1390 IF CHOICE$="PRR® THEN &DTO 1540
1400 FOR I=] TO R

1410
1420
1430
1440
1450
1460
-1470
1480
1450
1500
1510
1520

FOR J=§ TO R
IF DD(1)>DD(J) THEN 60TO 1520
SWAP ALTA3(1),ALTA3(J)
SHAP AR(I),AR(J)
SWAP BB(I),BB(])
SWAP CC(ID,CCH)
SWAP DD(I),DD(])
SNAP EE(1),EE(])
SWAP FF(I),FF(J)
SHAP BB(I),66(J)
SWAP GR$(I),6R$(J)
NEXT J

1530 NEXT I:60T0 1680
1540 FOR 1=1 7O R

1550 FOR J=1 TO R

1560 IF AALI)XAALI) THEN BOTD 1660
1570 SWAP ALTA3(1),ALT43(J)
1580 SHAP AA(1),AA()

1590 SNAP BB(I),BB())

1600 SHAP CC(D),CC(D)

1610 SHAP DD(1),DDUD)

1620 SWAP EE(D),EE(])

1630 SWAP FF(1),FF(J)

1640 SHAP B6(1),66(J)

1650 SHAP GR$(I),6R$(J)
1660  NEXT J

1670 NEXT ]

AVE

€osT
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1680 FOR 1=t TO R

1690  READ RECORD 42 ALT4A3(I) P31

1700  DEP=BE(1)81.1

1710 ACP=P31.TNRS.25

1726 LPRINT TAB(1) P3L1.TN$;TAB(12) P31, MN$;TAB(2!) AA(I);TAB(I3) BB(I);TAB(45) CC(I);TAB(SS) D
D(1);TAB(67) EE(1);TAB(76) P31.TNR;
TAB(B4) B5(1);TAB(S7) FF{(I1};TAB(104) DEP;TAB(11B) BR$(I)

1730 NEXT 1

1740 LPRINT:LPRINT

1750 IF @>0 THEN 607D 1780

1760 LPRINT *NO GRINDING TOOLS AVAILABLE TO PERFORM THE OPERATION®

1770 6070 2270

1780 LPRINT * AVAILABLE GRINDING RECORDS®:LPRINT:LPRINT

1790 LPRINT "MACHINE To0L TIME PER TOTAL TOTAL RVE TooL
TooL TooL®
1800 LPRINT * ¢ i PART TIHE CosT cost DEPTH
FEED SPEED®

1810 FOR I=1 TD @

1820  READ RECORD #2 ALT44(I) P31
1830 IF MAT$="1" THEN II=i

1840 IF NAT$="2" THEN 11=|

1850  IF MAT$="3* THEN 12=

1860  JF MAT$="4* THEN 11=1

1870 AA(I)=, 28NIFD+LENGTH/ (. S¢P31. TH)
1880  BB(I)=LOTSS(AA(I)+P31.LUT)

1890  CC{I1)=BB(I)$P31,0C+P34.TC8(AR(T)-, 28NIFD) +P31,5C
1900 DD(1)=CL(I)/LOTS

1910 EE(1)=P31.TAASI

1920  FF(I)=P3{,TN8$.25

1930  66(I)=P3{,MRRSZZ/(EECI)S$FF(]))
1940 NEXT I:IF CHDICE$="FRR® THEK 6070 2090
1950 FOR I=f TO @

1960 FOR J=t T0 @ :
1970 IF DD(1)>DD(J) THEN BOTO 2060
1980 SWAP ALTA4(I),ALTA4(J}

1930 SWAP ARLD),ARLD)

2000 SNAP BB(I),BB(J)

2010 SNAP CC(1),CC(D)

2020 SWAP DD(1),DD(J)

2030 SWAP EE(I),EE(J)

2040 SNAP FF(1),FF(J)

2050 SHAP 66(1),B6(J)

2060 NEXT 3

2070 NEXT I

2080 6070 2220

2090 FOR I=1 70 @

2100 FOR J=1 YO @

2110 IF AACI)XAA(J) THEN GOTO 2200
2120 SWAP ALTA4(1),ALT44())

2130 SHAP AA(D),AA(])

2140 SWAP BB(1),BE(J)
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2150 SWAP CC(I),CC(D)

2160 SWaP DD(1),DD(J)

2170 SWAP EE(I),EE(])

2180  SWAP FF(1),FF(J)

2190 SWAP 66(1),B6(J)

2200 NEXT 3

2210 NEXT ]

2220 FOR 1=1 TO @

2230  READ RECORD 42 ALT44(1) P31
2240  LPRINT TAB(1) P31.TNS;TAB(12) PI{.MN$;TABI23) AA(I);TAB(S7) BB(I);TAB(49) CCII);TAB(EL) D
D(I);TAB(74) EE(1);TAB(BA) FF(I);TA
B(93) 66(D1

2250 NEXT ]

2260 LPRINT:LPRINT

2270 CLOSE
ENDFILE
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APPENDIX I

DESCRIPTION_OF MACHINE RECORDS
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Abbriviations For Tables
Of Machine Files

A. Machine Number

B. Horse Power

C. # of operations which can be performed

D. Code for each operation

E. Set—-up cost of operation on the machine

F. Operator Cost ($/min)

6. Load/Unload time (min)

H. % Down Time for machine

I. Effeciency of spindle

J. Maximum Length of part which can be machined (mm)
K. Maximum Diameter of part which can be machined (mm)
L. Maximum Width of part which can be machined (mm)
M. Maximum Height of part which can be machined (mm)
N. # of tools available to perform the operation

0. Tool Number

P. Tool Cost ($/min)

Q. Tool material (HSS=1, Carbide=2)

R. # of teeth on tool

S. Tool Diameter (mm)

T. Tool Width (mm)

U. Tool Nose Radius {(mm)

V. Metal Removal Rate (mmS/min)

W. Maximum Depth of cut (mm)

X. Tolerence Achievable

Y. Surface Finish Achievable

Note all information is considering the part
material to be 1020 steel. The information which was
inputted for the examples shown in the report are listed in
the following tables.
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