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(ABSTRACT)

This thesis introduces a program which serves as a post-processor interface between
CADAM NC and a DYNA milling machine. This program processes the CLDATA file
that is the output of the IBM System/370 APT-AC processor. The input to the
APT-AC processor is an APT file, generated by passing CADAM NC data through the
CADAM/APT interface. The CLDATA file is post-processed and instructions in
DYNA language, required to machine the part on the DYNA milling machine, are cre-
ated. This is achieved through different subroutines that have been written for different
types of statements in the CLDATA file. For each type of statement in the CLDATA
file, a different subroutine is accessed which processes that statement according to the
requirements of the DYNA milling machine and writes the corresponding statement in
DYNA language to a file. The post-processor then reads the different DYNA state-
ments from different files and creates the complete part program in DYNA language

required to machine the part.



“He who would prove all life, leaves it empty,
To know the way of everything is to be left with
the geometry of things and with the substance of
nothing,
To reduce the world to an equation is to leave it
without head or feet”
Leopoldo Alas Y Urena,

Spanish Novelist
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Chapter 1

Introduction

Current manufacturing technologies and concepts trace their roots back to the beginning
of the industrial revolution. In today’s competitive world, manufacturing industries have
realized the necessity for improved production quality and the need has evolved for re-
finement of existing machine tools. Up to the beginning of 1940, all machine tools were
under manual control. In the early 1940’s John Parsons conceived a method of using
punched cards for machine tool control [1]. Thus originated the concept of Numerical
Control (NC) of machine tools. Numerical Control may be broadly defined as a form
of programmable automation in which a machine is controlled by numbers. A pro-
gramming language tailored specifically to meet NC needs was developed and named

Automatically Programmed Tools (APT).

The greatest revolution in manufacturing technology was brought about by the emer-
gence of the digital computer. In the early phase of computer technology, the potential

for graphical data processing was realized and soon computers began to be used in de-
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sign and drafting, giving birth to Computer-Aided Design (CAD). As computers began
to be used in a manufacturing environment, Computer-Aided Manufacturing (CAM)
evolved. With more advancement in computer-aided design, it was found that interac-
tive graphics increased design and drafting productivity. At the same time, computers
began to be used more widely in numerical control part programming. Interactive
graphics began to be used in the part programming process leading to the development
of CAD/CAM systems. The need was soon realized for the integration of CAD and
CAM. Today, an area under constant development is the creation of the necessary link

between CAD and CAM.

The use of interactive graphics in NC part programming is a good example of the inte-
gration of computer-aided design and computer-aided manufacturing. The program-
ming procedure is carried out on the graphics terminal of a CAD/CAM system. Using
the same geometric data which defined the part in the computer-aided design process,
the programmer constructs the tool path using high level commands to the system. In
most cases the tool path is automatically generated by the software of the CAD/CAM
system. The output resulting from this procedure is a listing of the APT file or the actual
CLFILE (cutter location file) which can be post-processed to generate the NC in-
structions. These NC instructions are then down loaded to the machine for machining

the part.
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Objectives

The principle objective of this study is to integrate a CAD system with a CAM machine.
After designing the part on a CAD system, the user should be able to generate NC in-
structions for machining the part and these instructions should then be processed to
generate a CLDATA file, which is post processed to generate the specific instructions

to be downloaded to the machine controller.

The process of producing a part from concept to design to its manufacturing or ma-
chining is shown in Figure 1. The user starts by designing the part on the CADAM
system. The tool path for machining the part is then created by using the CADAM NC
function. The NC data along with the geometric data of the part is then passed through
the CADAM/APT interface to generate an APT file for machining the part. This APT
file is then processed by the APT/AC processor to generate the cutter location data

(CLDATA) file for machining the part.

The program CADDYN introduced in this thesis, uses the CLDATA file as its input and
post processes it to generate specific NC instructions for the DYNA milling machine.
The output of the program CADDYN is a file that contains the instuctions in DYNA
language for machining the part. This file is down loaded on to a disk from which it can
be down loaded to the machine controller through a personal computer, for machining

the part.
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Figure 1.  Flowchart for CAD to CAM process
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Scope of Study

This thesis introduces a program named CADDYN that has been created to write the
NC instructions for a milling machine. The program has been written in FORTRAN
77 and is implemented on a IBM-4341 operating under VM/CMS and serves as an
interface between CADAM NC and the DYNA milling machine. CADAM is the
CAD/CAM System used to generate the tool path and IBM system /370 APT-AC is the

software used for generating the CLFILE for this tool path.
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Chapter 2

Literature Review

With the recent developments in computer technology and the emergence of CAD/CAM
systems, the integration of CAD and CAM has become an important issue in manufac-
turing industries. Computer graphics used in NC part programming is a prime example
of the integration of CAD and CAM. Continued research in both computer graphics
and NC part programming has resulted in advancement of their original concepts. To-
day’s research concentrates on integrating computer graphics into the manufacturing

environment.

Krouse [2], while discussing the importance of integrating CAD and CAM, points out
that it would, in the long run lead to the concept of ‘engineering without paper’. Nilson
[3] asserts that integrating CAD/CAM projects in an industry would lead to great re-
ductions in lead time and cost, whereas Wilson [4] believes that with the integration of
CAD and CAM, there is improvement in internal operating efficiency and external

marketing effectiveness of a company. As an example, Hannam and Miller [5] have de-
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veloped a linkage between CAD and CAM for jig fixture design in a company and have

found that it reduces lead times and cost, improving productivity to a good extent.

Numerical control (NC) part programming has come a long way from manual to com-
puter assisted part programming. The use of computers in the part programming proc-
ess led to the development of the programming language Automatically Programmed
Tools (APT) for numerical control. APT was first developed at MIT under a joint pro-
gram with the US Air Force. Twinstra [6] traces the history of APT and its evolution
to the new APT-like languages. Today APT has become a standard NC processing
language [7]. After its initialbconception at MIT, most of the research in APT was
conducted at the IIT Research institute [8] and an encyclopedia on APT was published
by the same institute [9] which has been used in this thesis. Kendall [10] has developed
a method of teaching APT to students at the university level. Recently APT has been
further developed, and the latest version is APT IV, which is being further enhanced by
the Sculptured Surface Project of CAM-I, Inc., (Computer-aided Manufacturing Inter-

national, Inc.) in Arlington, Texas [11].

The output of any NC processor is a CLFILE (cutter location file). This CLFILE is the
only link between NC language processors and post processors. CLFILE generated by
different processors have different formats and word structures and converting
CLDATA from one format to another is not simple. Subramanian [12] has developed
software that reads CLFILE in six different formats, interprets their contents, edits the
data and outputs the results in any one of the six different formats. CLFILE is the vital
link between a CAD system and a CAM machine. A cutter location file cannot be di-

rectly input to a machine, it has to be post-processed and converted to a format ac-
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ceptable to the machine controller. Today many commercial post-processors are being

marketed.

Continued research is being carried out in interfacing CAD drawings with the actual
manufacture of parts. Zapomueel [13] has written software called MAPROS for the in-
tegration of NC drawing and manufacture of mechanical workpieces. Kishi, Nagai and
Hatta [14] have developed OKISURF which is a general purpose NC language system
for machining sculptured surfaces. UNILEX developed by Gossling and Warner [15] is
an interface language between the computer programs which define the geometry of the
sculptured three-dimensional surfaces and the post-processors which generate NC in-
structions for the machine tools. Chan [16] has developed an interface ROMAPT be-
tween a bounded geometric modeller ROMULUS and an unbounded NC processor

APT.

At an instructional level research is being carried out at various universities to develop
programs to provide a low-cost link between CAD and CAM. NCFILE is one such
program written by Brooks and Riley [17]. This program has been developed on a Terak
minicornputer using MINN/DRAFT (an educational CAD System). Some researchers
are concentrating on small portions of the total integration process. One such area is
the generation of the NC tool path on a CAD system. Kuttner, Majcher and Snedecor
[18] at Ford motor company have done work in the area of automation of tool path
generation. Bobrow [19] has developed an algorithm for generating NC tool path di-

rectly from constructive solid geometry part representations.

A new approach towards integrating CAD and CAM through generative process plan-
ning using artificial intelligence has been put forth by Phillips and Mouleeswaran [20].

Integration of CAD and CAM has come a long way since its initial perception. Post-
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processors remain a vital link in this process. It is hoped that the program CADDYN
which serves as a post-processor interface between CADAM NC and DYNA Milling

Machine will help in clarifying the concepts behind this integration process.
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Chapter 3

Support Software

CADAM

CADAM is a CAD/CAM System developed by Lockheed Corporation [21] and very
widely used for computer-aided design and manufacturing. The computer-aided design
portion of the CADAM system consists of a design/drafting module along with various
aids for design analysis. The computer-aided manufacturing (CAM) portion of the

CADAM system automatically generates NC data.

The CADAM system uses a central data base for storing geometric data. This data can
be used, both in design and manufacturing. Geometric construction is based on de-
scriptive geometry and the graphics display is equivalent to a drafting board with view-
ing transformation capability to get the desired resolution. In addition 3-D wireframes

and Solid Models can be created.
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Among the various capabilities of CADAM are:

e The facility for 3D mesh generation for construction of finite element models.

¢ Facility for storage of standard symbols and other user defined symbols.

e Ability to obtain hardcopy drawings through plotter output.

¢ English, metric or dual dimensions can b§: used.

¢ Design changes made to components which are used in various subassemblies can
be rapidly incorporated into applicable drawings.

¢ 3-D Wireframe modeling

¢ Solid modeling

The CADAM system provides the user with the capability to generate the part program
for a particular drawing, and this process is aided by the animation of the tool path on
the graphics display [22]. This facility is available on the CADAM system under the
function N/C. Traditionally the part programming process starts with the selection of
the tool for the particular machining operation. The proérammer uses the parts ge-
ometric description (created on CADAM) to generate the cutter path by selecting the
various geometric elements. Once the cutter pass is created, it can be replayed for ver-
ification. The CADAM system animates the entire pass on the graphics display, show-
ing the location of the cutter and displaying the X, Y, and Z coordinates. After
verification, the various cutter passes are combined to form a program using the

CADAM 'POST’ menu item .

The CADAM system APT interface module consists of the necessary programs that
interface CADAM with the IBM System/370 APT-AC processor. The cutter path along

with other APT auxiliary control statements is supplied by CADAM to APT through
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the CADAM/APT interface to generate an APT file for the cutter path. The IBM
System/370 APT-AC processor uses this APT file, together with the CADAM system
drawing to produce a CLFILE (cutter location file) adhering to ANSI X3J7 standard.
This CLFILE is then post-processed to generate the completed part program for ma-

chining the part.

IBM System|370 APT-AC Processor

The System/370 Automatically Programmed Tool - Advanced Contouring (APT-AC) is
a numerical control (NC) processor. IBM has been involved with the development and
maintenance of NC processors for more than twenty years [23]. Its initial product
System/360 AUTOSPOT allowed two-dimensional point to point machining operations
only. System/360 APT was then developéd for three-dimensional machining operations

and the latest System/370 APT-AC is their most advanced processor.

The APT-AC processor accepts as input user-oriented language describing the NC op-
erations to be performed. This language is based on the APT language and contains

four types of statements that can be used in the part program [24]:

¢  Geometry statements - define the part geometry.
¢ Motion statements - define the motion of the cutter with respect to the part geom-
etry.

¢ Passive and Dynamic statements - specify the machining conditions.
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Control statements - control the processing modes of the APT-AC processor.

The APT-AC system structure consists of the following major sections:

The control system - it performs the input-output activities and checks the flow of
the part program through the various sections of the APT-AC processor.

The translation section - it translates the input file into an intermediate file called
PROFIL which then becomes the input to the other sections of processing.

The calculation section - it uses the PROFIL as input and calculates the successive
cutter positions that represent the machined part.

The edit section - it performs the necessary calculations to transform, print or plot
the CLDATA.

The post-processor section - it consists of two parts, a post-processor dispatching
section and individual post-processors. The dispatching section, using the informa-
tion from the input file, sends the CLDATA file to the individual post-processor

which then generates the machine tool-readable instructions.
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Chapter 4

Manufacturing Equipment

DYNA 2400 Milling Machine

The manufacturing equipment used here for the purpose of integrating a CAD/CAM

system (CADAM) to a CAM machine is the DYNA 2400 CNC milling machine.

The DYNA 2400 is a light (290 1b) bench top, four axes, vertical CNC milling machine.
The machine requires a single phase power source of 120 VAC, 60 Hz. The power re-
quired is 500 watts [26]. The machine is generally operated from the controller keyboard.
The range of the spindle speed is 0-10,000 RPM and can be achieved in three steps by
a change in the position of the spindle drive belt. The spindle can be turned ON and
OFF either manually or by an instruction in the program. The entire spindle head can

be lowered, elevated, and rotated on the head post.
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The fourth axis on the Dyna machine is an optional rotational table that can be
mounted horizontally or vertically. For machining operations, the X and Y tables, and
the spindle head (Z axis) move, but for conveinence, it is assumed that the tool tip moves
(since it is the actual cutting point). The three axes X, Y, and Z are mutually perpen-
dicular to each other. Their intersection point is defined as the zero coordinate and is
expressed as (0,0,0). The zero coordinate point can be placed at different locations as
required by machining conditions. Accordingly there are three positions of the zero co-

ordinate:

¢ Home zero - It is the position when the X, Y, and Z axes are physically at their limit
switches.

e Reference zero - It is the position which is programmed into the machine and to
which all programmed functions are referenced.

e Local zero - It is specified by the user within the program and is used mainly to

specify programming and to avoid unnecessary calculations of coordinate points.

The maximum travel in the three axes are:
X =6.2 inches (157.48 mm)
Y = 5.0 inches (127 mm)
Z=4.0 inches (101.6 mm)

The DYNA milling machine allows the user to specify the feedrate in X, Y, and Z di-
rection. The feedrate specified should lie between 0.1 and 32.0 inches per minute. If the
feedrate is not specified, a default value of 8.0 inches per minute (203.2 mm/min) is as-

sumed.

The DYNA machine has four operating modes:
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e The Manual Mode - It is used for tool calibration and for manual operation of the
machine.

¢ The Line No Mode - It is used for review of programs stored in the controller of the
machine and for editing the programs.

e The Program Enter Mode - It is used for entering a program into the controller of
the machine.

e The Program Run Mode - It is used for operating the machine under -program con-

trol.

The DYNA machine can be programmed with the help of prompts. This is done by
displaying the prompt on the controller display. The user must respond to the prompt.
If there is no response from the user, the controller will halt and will not go to the next

step or accept any other entry.

The DYNA machine has an RS 232-C interface which allows the user to interface the
controller with a external computer or peripheral communication link that can be set
up to 50 feet away. This facility allows the user to download a program from the com-
puter to the controller and then execute it, up load a program from the controller to the
computer, and incrementally operate the machine (line by line download and execute).
For programming the DYNA machine also has its own language DYNALAN which
consists of a few very powerful instructions which are designed to simplify machine move
programming. Along with this there are some functions which have been prepro- -
grammed into the basic machine controller. Some of these functions include mill, frame,

rectangular frame, rectangular pocket, circular pocket, arcframe, and drill.
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Chapter 5

CLDATA and DYNA Language

The output of any general purpose numerical control processor is a file called CLDATA
(cutter location file). This file is used as an input to a post processor which generates

specific instructions to machine the part on a particular machine.

CLDATA Structure

The CLDATA file basically contains the X, Y, and Z coordinates of the center of the
cutter as it moves along the path to machine the part. The coordinates are printed along
with other statements which are specific to the machine being used and hence are known

as machine statements. These statements are cutter, feedrate, spindle on, spindle off,
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coolant on, coolant off, etc. The CLDATA file also contains GOTO statements which

identify the surface along which the cutter has to move.

In the CLDATA file the cutter statement contains information regarding the diameter
of the cutter, the length of the cutter, and the corner radius of the cutter. The feedrate
statement contains information on the feedrate in the X, Y, and Z directions. The
spindle on statement in the CLDATA file switches the spindle on and also contains in-

formation on the speed of the spindle.

DYNA Language

The DYNA language consists of a few instructions which are designed to simplify ma-
chine move programming. Tool movement is specified by GO REL and GO ABS in-
structions. The GO REL instruction applies to any X, Y, Z, radius (r), or angle (a)
moves. This instruction moves the tool from its present position to a new position
which is stated relative to the tool’s present position. The GO ABS instruction moves
the tool from its present position to a new position which is relative either to the local
zero coordinate or the reference zero coordinate. In addition, a description of the cut,

internal or external can also be specified.

The DYNA language also contains tool diameter, feedfate, spindle on, spindle off, and

dwell (which causes a delay of a specific period in the program) statements.
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Conversion of CLDATA to DYNA Language

The CLDATA file cannot be directly input to a machine controller because of its struc-
ture. An additional step - post processing is required to adapt the CLDATA output to
the particular machine control unit. This is done by a program called the Post
Processor.

The primary functions of the post processor are to:

e convert CLDATA to the machine coordinate system.

¢ ensure that the physical limits of the machine are not exceeded, e.g. range, feed rate.
* climinate reader limitations.

e calculate cutter compensation information.

e generate error diagnostics when necessary.

The program CADDYN developed in this thesis serves as a post processor for the
DYNA milling machine. It reads in the CLDATA for a particular part and converts it
into a program in DYNA language.

As an example, the APT file, the CLDATA file and the corresponding program in
DYNA language to machine a triangle are shown. Figure 2. shows the cutter path for

machining the triangle.
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APT File for machining Triangle

PARTNO

SETPT

Pl

P2

P3

P4

P5

Pé

P7

PL1

L1

L2

L3

L4

TRIANGLE
POINT/0,0,0
POINT/1.0,0.0,0.0
POINT/4.0,0.0,0.0
POINT/2.0,3.0,0.0
POINT/1.0,1.0,0.0
POINT/0.5,0.5,-0.1
POINT/0.0,0.0,-0.1
POINT/0.5,-0.5,-0.1
PLANE/P5,P6,P7
LINE/P1,P2
LINE/P2,P3
LINE/P3,P1
LINE/P4,P1
CLPRNT
CUTTER/0.375
FEDRAT/10.0
FROM/SETPT
SPINDL/ON
60/TO,L1,TO,PL1,TO,L%
GORGT/L1,PAST,L2
GOLFT/L2,PAST,L3
GOLFT/L3,PAST,L1
GOTO/SETPT
SPINDL/OFF

FINI

CLDATA and DYNA Language
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CLDATA for Machining a Triangle

0001 PARTNO/ TRIANGLE 00002

0016 CUTTER/ 0.3750 00004

0017 FEDRAT/  10.0000 00006

0018 FROM/ SETPT 00008
0.0 0.0 0.0

0019 SPINDL/ ON 00010

0020 GOTO/ L1 00012
0.8125 0.1875 -0.1000

0021 GOTO/ L1 00014
4.1003 0.1875 -0.1000

0022 GoTO0/ L2 00016
1.9434 3.4230 -0.1000

0023 GOTO/ L3 00018
0.7399 -0.1875 -0.1000

0024 GOTO/ SETPT 00020
0.0 0.0 0.0

0025 SPINDL/ OFF 00022

0026 ¥*%x¥% FINI e 00024

DYNA Program to Machine a Triangle

001 START INS 10

002 TD= 0.3750

003 FR XYZ= 10.0000
004 SETUP > ZCXYU

005 GO X 0.8125

CLDATA and DYNA Language



006
007
008
009
010
011
012
013
014
015
016
017

018

CLDATA and DYNA Language

GO Y 0.1875
SPINDLE ON
GO Z -0.1000
GO X 4.1003
GO X 1.9434
Y 3.4230
GO X 0.7399
Y -0.1875
G0 Z 0.0000
GO X 0.0000
GO Y 0.0000
SPINDLE OFF

END
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Chapter 6

Program Structure

This chapter presents a detailed description of the program CADDYN which serves as
a post processor interface between CADAM NC and the DYNA milling machine. This
program has been written in FORTRAN 77 and a listing is included in the Appendix

B. A flowchart showing the structure of the program is shown in Fig. 3.

The output of the APT/AC processor is a file stored with filename and filetype, H1 and
H1 respectively. This file is a listing file of the APT statements and the CLDATA for
the part. This listing file is read in as input by a program CONVERT written in Fortran
77, which separates the APT listing and the CLDATA. The listing for the program
CONVERT is included in the Appendix B. This program keeps reading the file H1 till
it reaches the portion that has the CLDATA. It then starts writing this CLDATA to a
file with filename and filetype, CADDYN and IN respectively. This file serves as input
to the program CADDYN.
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Figure 3. Flowchart for Program CADDYN

Program Structure

STATEMENT

CALL POINT

THIS SUBROUTINE

STOP
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Program CADDYN

The program CADDYN reads the CLDATA file as input. Before reading the input file,
the range of the DYNA milling machine in all 3 directions X, Y, and Z is displayed. The
user is then asked whether the part he wishes to machine lies within these ranges. If the
answer is yes, the cutter sizes available on DYNA are displayed and the user is asked
whether he wishes to go back and change the cutter size when creating the tool path on
CADAM, if the answer is yes the program is terminated and if the answer is no the user
is prompted to enter the program number. If the part does not lie within the range of
DYNA'’s 3 axes the user is prompted to enter the program number, as the first line of
any program to be down loaded to the DYNA machine has to be the program number
line. Each record of the input file is read into a character string of eighty characters and
this string is then analyzed to determine the type of statement and accordingly the sub-
routines are called. Every time a different type of statement is read, a different value for
the counter KCOUNT is set to identify the type of statement. If the statement is a
CUTTER statement, the TOOL subroutine is called, if the statement is a FEEDRATE
statement, the FEED subroutine is called, and if the statement is a FROM statement,

the SETUP subroutine is called.

After the SETUP subroutine, the subroutine POINT 1is called which reads in the
CLDATA file till it reaches the FINI statement. All the above subroutines write dif-
ferent type of statements to different internal files. After this control is returned to the
main program, where all the internal files created by the various subroutines are re-
wound. Then the main subroutine MOTION is called. This subroutine checks whether

the part is to be scaled down so that it can machined on DYNA. If the part lies within
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the range of DYNA'’s 3 axes, the scale value is taken as 1.0 and the X, Y, and Z coor-
dinate data is written into an array and passed to the main program. If the part does
not lie within the range of DYNA's 3 axes, the scale value is determined, and the cutter
size as well as the X, Y, and Z coordinate data are scaled down and written to an internal
file and an array correspondingly. Control is then returned to the main program and the

internal files created by the MOTION subroutine are rewound.

Following this the machining instructions in DYNA language are written to an output
file. The output file has filename and filetype, CADDYN and OUT respectively. First,
for every statement the value of the counter KCOUNT is checked to determine the type
of statement that had been read. Accordingly a record is read from the internal file
created for that particular type of statement, and this is then written to the output file.
So the_initial statements like TOOL DIAMETER, SETUP, FEEDRATE, SPINDLE
ON, SPINDLE OFF are read from the internal file and written to the output file. After
this the motion statements are written, for this the X, Y, and Z coordinate array passed
by the MOTION subroutine is used. For the first motion, when the cutter moves from
its load point to the point where it has to begin cutting, the motion is along oné axis,

so the instructions in DYNA are written for single axis motion for this path.

Next the X, Y, and Z values for every cutter position are compared with the values of
the previous cutter position, to determine whether the motion is one axis, two axes, or
three axes motion. According to this DYNA instructions for that particular movement
of the cutter are written. Thus finally the program contains the instructions for the
complete path of the cutter. If] in the middle of the path, the cutter is to be changed
or the feedrate is to be changéd, or the spindle is to be switched on or off, flags

KFLAGI1, KFLAG2, KFLAG3, and KFLAG4 are set to signal that these statements
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occur in the middle of the motion statements and accordingly the corresponding internal
files are read and the information written to the output file. Each statement in the out-
put file is preceeded by the statement number as required by the DYNA machine con-
troller. In the end, the output file has the complete part program in DYNA language

required to machine the part.

Subroutine TOOL

The TOOL subroutine is called when the type of statement in the CLDATA file is a
CUTTER statement. This subroutine is called every time a cutter is changed and a new
cutter is to be installed on the machine. This subroutine takes the cutter statement from
the input file and converts it to the tool diameter statement in DYNA language. This
tool diameter statement is then written to an internal file which has unit number 13.
The cutter statement in the CLDATA file contains information on the diameter of the
cutter, the corner radius of the cutter, and the length of the cutter. This subroutine reads
only the diameter and ignores the rest of the information as in DYNA only the tool di-

ameter needs to be specified. A flowchart for subroutine TOOL is shown in Fig. 4.
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SUBROUTINE TOOL

READ THE ‘CUTTER’
STATEMENT FROM
THE INPUT FILE

WRITE THE
"TOOL DIAMETER’

STATEMENT IN
DYNA LANGUAGE

TO INTERNAL FILE
WITH UNIT NO |3

RETURN

Figure 4. Flowchart for Subroutine TOOL
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Subroutine FEED

The FEED subroutine is called when the type of statement in the CLDATA file is a
feedrate statement. This subroutine takes the feedrate statement from the input file and
checks whether the feedrate lies in the range of feedrates that can be specified for the
DYNA milling machine. This range is from 0.1 to 32.0 inches per minute (2.54 to 812.8
mm/min). If the feedrate lies outside this range, this subroutine prompts the user to
specify a feedrate within the range and then reads the input value and writes the feedrate
statement in DYNA language to an internal file which_ has unit number 14. This sub-
routine is called everytime the feedrate is changed in the program. Although when cre-
ating the tool path on CADAM, the feedrate can be specified different in all three
directions and even when milling the part on DYNA the same can be achieved, this
subroutine assumes that the feedrate specified is the same in all three directions. The
user should specify a constant feedrate in all three directions, although the facility for
changing the feedrate whenever desired is provided in the program. A flowchart for

subroutine FEED is shown in Fig. S.
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SUBROUTINE FEED

READ THE ’‘FEDRAT'’
STATEMENT FROM
THE INPUT FILE

PROMPT THE USER

OES THE~ o TO ENTER A
FEEDRATE LIE FEEDRATE THAT

BETWEEN
.10 & 32.0 IP LIES WITHIN THE
RANGE

YES READ INPUT
FEEDRATE
WRITE THE
'FEEDRATE'

STATEMENT IN
DYNA LANGUAGE

TO INTERNAL FILE
WITH UNIT NO 14

RETURN

Figure 5. Flowchart for Subroutine FEED
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Subroutine SPINON

The SPINON subroutine is called when the type of statement in the CLDATA file is a
SPINDLE ON statement. This subroutine is called every time the spindle is switched
on in the program. It writes the ‘spindle on’ instruction in DYNA language to an
internal file which has unit number 15. There is a dwell period of 4 seconds every time
the spindle is switched on. This is provided for the spindle to achieve the specified speed
to begin machining. Although the spindle speed can be specfied while creating the tool
path on CADAM, on the DYNA machine there is no facility for adjusting the speed in
the program. It has to be done manually. So, even if the speed of the spindle is speci-
fied, this subroutine ignores it and writes only a spindle on statement. After the spindle
on statement, the dwell statement is written to incorporate a dwell period. A flowchart

for subroutine SPINON is shown in Fig. 6.
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SUBROUTINE SPINON

READ ’'SPINDLE ON’
STATEMENT
FROM INPUT FILE

WRITE THE ‘SPINDLE

ON’ STATEMENT IN
DYNA LANGUAGE

TO AN INTERNAL FILE
WITH UNIT NO 15

WRITE THE ’‘DWELL'’

STATEMENT IN

DYNA LANGUAGE

TO AN INTERNAL FILE
WITH UNIT NO 15

RETURN

Figure 6. Flowchart for Subroutine SPINON
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Subroutine SPIOFF

The SPIOFF subroutine is called when the type of statement in the CLDATA file is a
SPINDLE OFF statement. This subroutine is called every time the spindle is switched
off in the program. It writes the spindle off instruction in DYNA language to an
internal file which has unit number 16. The SPINDLE OFF statement is also written
when the tool is being changed. The tool change statement in DYNA does not switch
the spindle off, so the SPINDLE OFF statement is inserted after every tool change

statement. A flowchart for subroutine SPIOFF is shown in Fig. 7.
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SUBROUTINE SPIOFF

READ 'SPINDLE
OFF’ STATEMENT

FROM INPUT FILE

WRITE THE ’'SPINDLE

OFF’ STATEMENT 1IN
DYNA LANGUAGE

TO AN INTERNAL FILE
WITH UNIT NO 16

RETURN

Figure 7. Flowchart for Subroutine SPIOFF
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Subroutine SETUP

The SETUP subroutine is called when the type of statement in the CLDATA file is a
FROM statement. This subroutine takes the FROM statement in input file which con-
tains coordinates of load point and converts it to the setup statement in the DYNA
language. The setup statement allows the user to manually set the reference zero on the
DYNA mulling machine. The setup statement is written to an internal file which has unit
number 17. In the subroutine MOTION the setup point is fixed as the reference zero
from which all dimensions are referenced. So the initial choice of the setup point while
creating the tool path on CADAM is very important and it is advised that the setup
point should be the origin of the three axes, for producing good results. A Flowchart

for subroutine SETUP is shown in Fig. 8.
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SUBROUTINE SETUP

READ 'FROM’
STATEMENT FROM

THE INPUT FILE

WRITE THE 'SETUP’

STATEMENT 1IN

DYNA LANGUAGE

TO AN INTERNAL FILE
WITH UNIT NO |7

RETURN

Figure 8. Flowchart for Subroutine SETUP
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Subroutine POINT

The POINT subroutine is called immediately after the SETUP subroutine. The sub-
routine POINT reads the input from the CLDATA file and separates the X, Y, and Z
coordinate data from the other input statements. The POINT subroutine takes the X,
Y, and Z coordinate data and writes it to an internal file which has unit number 18. This
subroutine also checks for CUTTER, SPINDLE ON, and SPINDLE OFF statements
in the CLDATA file. This subroutine reads in other statements like MCHTOL, END,
LEADER, and STOP, but since these are not required in the DYNA program, no in-
formation regarding these statements is stored. Whenever it reads a statement other
than an X, Y, and Z coordinate statement a flag is set. These flags KFLAGI1, KFLAG?2,
KFLAG3, and KFLAG4 are used by the main program later on to determine the type
of statement. This subroutine also determines the number of cutters used in the program
and passes this information to the MOTION subroutine. A flowchart for subroutine

POINT is shown in Fig. 9.
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SUBROUTINE POINT

CALL FINIS

READ INPUT
CLDATA FILE

SET FLAGS TO

CALL ToOL

IDENTIFY THE

CUTTER STATEMENT

AND CUTTER NO

CALL FEED

SET FLAG TO

IDENTIFY FEEDRATE
STATEMENT

WRITE X,Y,Z
COORDINATE DATA

TO INTERNAL FILE
WITH UNIT NO I8

STATEMENT 1S
'SPINDL ON’

| CALL. SPINON

CALL SPIOFF

SET FLAG TO

STATEMENT

[IDENTIFY SPINDL ON

SET FLAG

STATEMENT

DENTIFY SPINDLOFF]

TO

Figure 9.
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Flowchart of Subroutine POINT
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Subroutine MOTION

The MOTION subroutine is the main subroutine that works with the X, Y, and Z data.
In this subroutine the X, Y, and Z data is read in from the internal file created by the
POINT subroutine. First the origin is shifted to the setup point and all the coordinate
data is transformed with respect to this origin. After this, the minimum and maximum
values of X, Y, and Z coordinates are determined and the range of travel in the X, Y,
and Z direction is calculated. If these ranges are greater than the ranges of DYNA in
the three directions, the approximate scale value in all three directions is calculated. The
maximum of all three approximate scale values is then taken and used to determine the
final value of the scale for the part. After this the tool diameters are read in from the
internal file created by the TOOL subroutine. If the part lies within the range of the
DYNA machine no further calculations are done and control is returned to the main

program.

If the part is to be scaled down, the first tool diameter is taken and divided by the ap-
proximate scale factor to determine the scaled cutter size. At this point the CUTTER
subroutine is called which checks whether the scaled cutter size is available on DYNA.
If the size lies between two cutter sizes available on DYNA, the minimum of the two is
taken and the user at this point is asked whether he wishes to use this cutter. If the
answer is yes, the new data is generated according to this cutter. If the answer is no and
the user still wants to use the original scaled cutter then he is reminded that the data
will be generated according to that cutter, but the part will have to be machined using

a cutter smaller than that to maintain the geometry of the part. The final scale value is
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then determined from the cutter that will be used and the X, Y, and Z coordinate values

are scaled down accordingly.

If the program contains more than one cutter, then the scale value is determined with
respect to the first cutter and all the other cutters are scaled down with respect to this
scale value. In one part program a maximum of eight cutters are allowed . The final
scale value is displayed and the user is asked whether he wishes to use this scale, if not
the user is asked to enter a new scale and the cutters and the X, Y, and Z coordinate

data are scaled down according to this scale.

This subroutine finally passes the X, Y, and Z data in an array form to the main pro-
gram which uses it to write the final output file that contains the machining instructions

in DYNA language. A flowchart for subroutine MOTION is shown in Fig. 10.
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SCALE THE X,Y,Z
COORDINATE DATA

CALCULATE THE
MAXIMUM AND
MINIMUM X,Y,2Z
COORDINATES AND
DISPLAY THEM

RETURN

READ X,Y,Z

ICOORDINATE DATA
FROM INTERNAL FILE
WITH UNIT NO 18

TRANSFORM THE
COORDINATE DATA
BY MAKING THE
SETUP POINT THE
REFERENCE ZERO

CALCULATE THE
MINIMUM AND
MAXIMUM X.,Y,Z

CALCULATE THE
RANGE OF THE

PART IN X,Y,Z
DIRECTION

DATERMINE A ]
SCALE FACTOR

READ IN TOOL
DIAMETERS FROM
INTERNAL FILE
DEPENDING ON
NUMBER OF CUTTERS

SCALE THE I
CUTTERS DOWN

CALL CUTTER

IT DETERMINES
WHETHER THE
SCALED CUTTERS
ARE AVAILABLE
ON DYNA

IDETERMINE THE l
FINAL SCALE

THE USER
WISH TO CHANGE
THE SCAL

Figure 10. Flowchart for Subroutine MOTION
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Subroutine CUTTER

The CUTTER subroutine takes the scaled value of the cutter size and checks whether
the size is available on DYNA. If the cutter is available on DYNA then the user is
prompted with a message saying that the cutter is available on DYNA. If the size lies
between two cutter sizes available on DYNA then the smaller of the two is taken and
the user is prompted for acceptance. If the answer is no, the user is informed that the
data will be generated according to the orginal scaled cutter, but when machining the
part the user will have to use a cutter smaller than the scaled size. If the answer is yes,
the data is generated according to the cutter available on DYNA. This subroutine does
this for eight different cutters. A flowchart for subroutine CUTTER is shown in Fig.

11
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SUBROUTINE CUTTER

READ THE
SCALED CUTTER

IS
THE CUTTER
AVAILABLE ON
DYNA

RETURN

CHECK THE CUTTER
AVAILABLE ON DYNA
CLOSEST TO THE
SCALED CUTTER

DISPLAY THE
AVAILABLE CUTTER

YES _| CALCULATE THE NEW
SCALE VALUE

INFORM THE USER
TO USE A CUTTER
CLOSE TO THE
SCALED CUTTER

THE USER WIS
TO USE THIS
UTTER

RETURN THE SCALE
VALUE TO THE
MOTION SUBROUTINE

RETURN
RETURN

Figure 11. Flowchart for Subroutine CUTTER
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Subroutine FINIS

This subroutine is called when the statement in the CLDATA file is a FINI statement.
This subroutine takes the FINI statement from the input file and converts it to the END
statement for the DYNA milling machine and writes it to an internal file which has unit

number 20. A flowchart for subroutine FINIS is shown in Fig. 12.
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SUBROUTINE FINIS

READ THE
"FINI’ STATEMENT

FROM INPUT FILE

WRITE THE 'END’

STATEMENT IN

DYNA LANGUAGE

TO AN INTERNAL FILE
WITH UNIT NO 20

RETURN

Figure 12. Flowchart for Subroutine FINIS
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Chapter 7

Program Modification

The program CADDYN was developed without using any of the subroutines prepro-
- grammed into the DYNA machine controller. For milling circular surfaces, the program
CADDYN writes out the complete point data from the CLDATA file. The advantage
of this is that, all three axes can be controlled simultaneously, as for a circle projected
on to a sloping floor. The size of the output file for such an operation is very large to
be downloaded to the machine controller. This may become a problem since the con-

troller does not accept more than 900 lines of code for a particular part program.

The solution to this problem was achieved by modifying the program CADDYN and
writing a new program MODDYN. The program MODDYN is different from program
CADDYN in only one respect, an extra subroutine CIRCLE has been written which
uses the circle routine preprogrammed into the DYNA machine controller. This reduces
the size of the output file considerably and helps in the machining of complex surfaces.

The program CADDYN still remains the original work in this thesis and has a clear
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advantage over the program MODDYN in 3 axes milling. A listing of the program

MODDYN is included in the appendices.

Subroutine CIRCLE

The DYNA machine controller has a routine preprogrammed into its memory, for mill-
ing circular surfaces. The input to this routine is in form of the center of the circle and
the angle of the arc to be machined. The Subroutine CIRCLE written in the program
MODDYN reads the circular surface data from the CLDATA file and writes the neces-
sary statcments in DYNA language for input to the circle routine of the DYNA ma-

chine.

The CIRCLE subroutine reads the data from the input file and calculates the angle of
the arc to be machined. It then writes the center of the circle and the angle of the arc
to different internal files from where they arc read and written to the output file. The
point data is not written and hence the size of the output file is decreased. In other as-
pects the program MODDYN is similar to the program CADDYN. A flowchart for
subroutine CIRCLE is shown in Fig. 13.
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SUBROUTINE CIRCLE

READ 'SURFACE’
STATEMENT FROM

THE INPUT FILE

WRITE THE CENTER
OF THE ARC TO AN

INTERNAL FILE
WITH UNIT NO 25

CALCULATE THE ANGLE

OF THE ARC AND
WRITE IT TO AN
INTERNAL FILE WITH
UNIT NO 26

RETURN

Figure 13. Flowchart for Subroutine CIRCLE
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Chapter 8

Conclusions and Recommendations

The interface between a CAD system and a CAM machine was sucessfully developed in
this study. The program CADDYN which was developed accepts the CLDATA file as
input and converts it to NC instructions for the DYNA milling machine. The program
CADDYN post-processes different types of statements as described in the program

structure chapter.

During the course of this study and while developing the program, the aim was to de-
velop a post-processor to serve as an interface between a CAD system and a CAM ma-
chine. This was primarily to understand the integration process between CAD and
CAM, as well as to link CADAM NC to the DYNA milling machine. Two orthographic
views of a part were drawn on CADAM and then NC instructions were created and
post-processed to generate the DYNA program to machine the part. The parts were

machined using wax as the raw material.
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Future work should be directed in modifying the program CADDYN to accomodate
more numerical control functions, as well as to use the advanced NC capabilities of the
CADAM system. Some of this include machine tolerance, coolant on, coolant 6ff, and
transformation of cuts specifications. At present the feedrate specified has to be con-
stant in the directions X, Y, and Z. Future work could concentrate on specifying dif-
ferent feedrates in all three directions. The spindle on statement could also be modified
to include the speed specification, if a way to adjust the speed of the spindle on DYNA
through the program can be developed. Another area of potential future work is the
transformation of cuts from one point to another as it would help in machining pockets

using CADAM NC and its advanced pocket routines.
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Appendix A

EXAMPLE

The following pages present an example part, a bellcrank, which was drawn on
CADAM, and for which the cutter path was also generated on CADAM. A listing of
the CLDATA file and the output file is also included. Fig. 14 shows the orthographic
views of the part and Fig. 15 shows the cutter path to machine the part. Fig. 16 shows

a photograph of the final part.
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CLDATA FILE

1

0

0

IBM S/370 APT-AC N/C PROGRAM VERSION=1.41.000

%%3%% DREAD ENCOUNTERED CSF ERROR %¥%3%¥%
%3%%% DREAD ENCOUNTERED CSF ERROR 3%
3363%% DREAD ENCOUNTERED CSF ERROR 3%

PAGE 0001

DATE=05/22/87 TIME=12:10:23

«+. BEGIN TRANSLATION PHASE... (SECTION 1)

0001 PARTNO FINALEXAMPLE6  HSO
0002 PPRINT HSO NO NAME NC 87142 121009
0003 PPRINT --NO MACHINE SPECIFIED
0004 CALL/GRAPT,SEC1, 101, 0, 1
CADAM-APT INTERFACE %% R20.1.1 6%
0005 FINI

NO DIAGNOSTICS ELICITED DURING TRANSLATION PHASE
5 N/C SOURCE RECORDS (SYSIN)

SECTION 1 ELAPSED CPU TIME IN MIN/SEC IS 0000/00.3766
SECTION 2 ELAPSED CPU TIME IN MIN/SEC IS 0000/00.4366

1
+++.SECTION 3....
0 .
ISN . LABEL
0001 PARTNO/
FINALEXAMPLE6  HSO
0002 PPRINT/
HSO NO NAME NC 87142 121009
0003 PPRINT/
--NO MACHINE SPECIFIED
0003 INTOL/ 0.0010 0.0010 0.0010 0.0010
0003 OUTTOL/ 0.0010 0.0010 0.0010 0.0010
0007 SEGNO / 0.0
0009 PPRINT/
787142
0009 UNITS/INCHES
0012 PPRINT/
%%%% CUTTER DIMENSIONS-DIAM = .2500 CORNER RAD =,0100
0012 CUTTER/ 0.2500 0.0100
0012 MCHTOL/ 0.0010 0.0010
0012 FROM/ POINT
0.0 0.0 1.0000
0014 FEDRAT/ 7.0000
0014 GOTO/ SRFMIL
4.0000 ~-0.025% -0.6000
0016 SPINDL/ ON
0016 GOTO/
%.0499 -0.0234 -0.6000
0016
0016
0016 SURFACE . CIRCLE DS( ON)
4%.0000 0.7500 0.0
0.0 0.0 1.0000 0.7750
0016 GOTO/
EXAMPLE

PAGE 0002

REC M CARD

00002

00004

00006

00007
00008
00010
00012

12

00013
00015

00016
00018
00019

00021
00023

00025
00027

00028

00029
00031

00032

GRAPHICS
GRAPHICS
0

GRAPHICS
GRAPHICS

GRAPHICS
GRAPHICS
GRAPHICS

GRAPHICS
GRAPHICS

GRAPHICS
GRAPHICS

GRAPHICS

GRAPHICS
GRAPHICS

GRAPHICS
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0017
0018

0018
0018

GoTO/

GoTo/

0018 SURFACE

0018

0019
0020

0020
0020

GOTO/

GOTO/

GOTO/

0020 SURFACE

0020

0021

0022

0022
0022

GoTO0/

GOTO/

GOTO/

0022 SURFACE

0022

EXAMPLE

GOoTO/

4%.1038
4.2098
4.3116
4.4074
%.4952
4.5735
4.6406
%.6953
%.7364
%.7633
%.7753
%.7723
%.7642

. SRFMIL

4.5177

4%.5099

4.0000
0.0

%.4983
%.4625
%.4131
4.3517
%.2801
%.2003
4.1147
4.0258
3.9360
3.8482
3.7648
3.6882
3.6207
3.5643
3.5205
3.4907
3.4823
SRFMIL
3.3392

3.3355

3.2653
0.0

3.3305
3.3129
3.2892
3.2759
SRFMIL
0.425%

0.3877

0.3438
0.2600

-0.0190
0.0029
0.0393
0.0895
0.1526
0.2272
0.3120
0.4053
0.5054
0.6101
0.7176
0.8257
0.8792

2.3375

2.3750

2.2500
0.0

2.4183
2.5006
2.5756
2.6411
2.6952
2.7364
2.7633
2.7754
2.7721
2.7536
2.7205
2.6736
2.6145
2.5447
2.4663
2.3816
2.3375

1.4907

1.4768

1.4643
1.4440
1.4311
1.4290

1.0197

1.0129

-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000

-0.6000

-0.6000

CIRCLE
0.0
1.0000

-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000

-0.6000
-0.6000
CIRCLE
0.0
1.0000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000

-0.6000

CIRCLE
0.0
1.0000

-0.6000
-0.6000

DSt

0.5250

DS(

0.0750

DSt

0.5250

ON)

ON)

00034

00036

00037
00038

GRAPHICS
GRAPHICS

GRAPHICS
GRAPHICS

PAGE 0003

00040

00041

00043
00045
00046

00047
00049

00050

00052
00054
00055

00056
00058

00059

GRAPHICS

GRAPHICS

GRAPHICS
GRAPHICS
GRAPHICS

GRAPHICS
GRAPHICS

GRAPHICS

GRAPHICS
GRAPHICS
GRAPHICS

GRAPHICS
GRAPHICS

GRAPHICS
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1

0023 GOTO/
002¢ GOTO/
0025 GOTO/
0026 GOTO/
0026

0026

0026 SURFACE

0026 GOTO/

0026 SURFACE

0026 GOTO/

0027 GOTO/
0028 GOTO/
0029 GOTO/
0029

1

0029
0029 SURFACE

EXAMPLE

0.183¢4¢
0.1162
0.0602
0.0173
-0.0114
-0.0249
-0.0229

-0.0055
0.0268
0.0732
0.1321
0.2019
0.2806
0.3657
0.4548
0.5000
SRFMIL
4.0000

POINT
4.0000
SRFMIL
4.0000

3.9813

4.0247
4.0640
4.0962
%.1176
4.1260
4.1203
4%.1011
4.0707
%.0324%
4.0115

POINT
4.0115
SRFMIL
4.0000

4.0167

4.0000
0.0

0.9201
0.859%6
0.7886
0.7090
0.6232
0.5338
0.4434

0.3547
0.2703
0.1926
0.1240
0.0666
0.0220
-0.0086
-0.0241
-0.0250

-0.0250
-0.0250
0.624%6

0.626%

0.
0

7500
0

0.6303
0.6499
0.6808
0.7193
0.7613
0.8020
0.8369
0.8621
0.8748
0.8750

0.7500
0.0

0.8736
0.8586
0.8315
0.7952
0.7540
0.7123
0.6748
0.6457
0.6282
0.6255

0.6250
2.1496

2.1514

-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000

-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000

-0.6000
1.0000
-0.6000

-0.6000

CIRCLE
0.0
1.0000

-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
~0.6000
CIRCLE
0.0
1.0000

-0.6000
-0.6000
-0.6000
-0.6000
-0.6000
~0.6000
-0.6000
~-0.6000
-0.6000
-0.6000

1.0000
-0.6000

-0.6000

CIRCLE
0.0
1.0000

DS( ON)

0.1250

DSt

0.1250

DSt

0.1000

ON)

ON)

PAGE 0004

00061 GRAPHICS
00063 GRAPHICS
00065 GRAPHICS
00067 GRAPHICS
00068 GRAPHICS

00069 GRAPHICS
00071 GRAPHICS

00072 GRAPHICS

00074 GRAPHICS

00075 GRAPHICS

00077 GRAPHICS
00079 GRAPHICS
00081 GRAPHICS
00082 GRAPHICS

PAGE 0005

00083 GRAPHICS
00085 GRAPHICS
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0040 GO---/

0077 TRACUT/

0078

0079

0080

0080
0080

GOoTO/

GOTO/

GOTO/

0080 SURFACE

0080

0081

0082

0083

0083
0083

GOTO/

GOTO/
GOTO/

GOTO/

0083 SURFACE

0083

EXAMPLE

GoTO/

3.2759
SRFMIL
3.2852
3.2952
3.3125
3.3316
3.3523
3.3747
3.3987
3.4262
3.4512
3.4796
3.5093
3.5403
3.5725
3.6058
3.6400
3.6752
3.7113
3.7480
3.7854%
3.8234
3.8618
3.9006
3.9361
3.9718
3.9859
4.0000
vu PV
1.0000
0.0

0.0

POINT
4.0000
SRFMIL
3.2438

3.2568

.0000
.0
3.2732
3.3187
3.3778
3.4493
3.5318
3.6236
3.7230
3.7751
POINT
3.7750
SRFMIL
4.2250

4.2722
4.0000
0.0

%.3208
4.4128

0.4727

0.4495
0.4266
0.3914
0.3570
0.3237
0.2915
0.2605
0.2307
0.2022
0.1752
0.1496
0.1255
0.1031
0.0823
0.0632
0.0459
0.0304
0.0167
0.00%49
-0.0050
-0.0130
-0.0190
-0.0228
-0.0249
-0.0253
-0.025%

oo

.0
.0000
.0
-0.0250

0.9216

0.9696

0.7500
0.0

1.0219
1.1215
1.2138
1.2968
1.3689
1.4286
1.4749
1.4917

1.4920
1.4920

1.4756

0.7500
0.0

1.4566
1.4071

-0.2500

-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500

=00

.0
.0
.0000

1.0000
~0.2500

-0.2500

CIRCLE
0.0
1.0000

-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500

1.0000
-0.2500
-0.2500

CIRCLE

0.0

1.0000

-0.2500
-0.2500

oo
[~ ~0-]

Ds(

0.7750

DS

0.7750

ON)

ON)

00112

00114

00116
00118

00120

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

PAGE 0007

00121
00122
00124

00125

00127
00129
00131
00132

00133
00135

00136

GRAPHICS
GRAPHICS
GRAPHICS

GRAPHICS

GRAPHICS
GRAPHICS
GRAPHICS
GRAPHICS

GRAPHICS
GRAPHICS

GRAPHICS
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0084 GOTO/
0085 GOTO/
0086 GOTO/
0086

0086
0086 SURFACE

0086 GOTO/

0087 GOTO/
0088 GOTO/
0089 GOTO/
0089

0089
0089 SURFACE

0089 GOTO/

0090 GOTO/
0091 GOTO/
0092 GOTO/
0092

0092
0092 SURFACE

0092 GOTO/

EXAMPLE

%4.4973
%.5727
4.6378
%.6914
4.7324
%.7602
4.7742
4.7750

POINT
4.7754
SRFMIL
4,2250

%.2590

4.4891
%.5126

4.5245
%.5250

POINT
4.5254%
SRFMIL
3.7750

3.7408

0.9576

0.9369

.5000
0

0.9124
0.8537
0.7854
0.7095
0.6280
0.5430

1.3457
1.2736
1.1920
1.1023
1.0063
0.9057
0.8022
0.7500

0.7500
1.7751

1.7933

2.2500
0.0

1.8133
1.8623
1.9200
1.9853
2.0565
2.1321

2.2104
2.2500

2.2500
1.7752

1.7935

2.2500
0.0

1.8134
1.8624
1.9201
1.9854
2.0566
2.1322
2.2104
2.2500

2.2500
0.7583

0.7911

0.5000
0.0

0.8265
0.889%%
0.9418
0.9825

1.0102
1.0242

-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500

1.0000
-0.2500

-0.2500

CIRCLE
0.0
1.0000

-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500

-0.2500
-0.2500

1.0000
-0.2500

-0.2500

CIRCLE
0.0
1.0000

-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500

1.0000
-0.2500

-0.2500

CIRCLE
0.0
1.0000

-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500

DS(

0.5250

DS(

0.5250

DS(

0.5250

ON)

ON)

00138 GRAPHICS
00140 GRAPHICS
00142 GRAPHICS
00143 GRAPHICS

00144 GRAPHICS
00146 GRAPHICS

00147 GRAPHICS

PAGE 0008

00149 GRAPHICS
00151 GRAPHICS
00153 GRAPHICS
00154 GRAPHICS

00155 GRAPHICS
00157 GRAPHICS

00158 GRAPHICS

00160 GRAPHICS
00162 GRAPHICS
00164 GRAPHICS
00165 GRAPHICS

00166 GRAPHICS
00168 GRAPHICS

00169 GRAPHICS
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0093

0094

GoTo/

GOTO/

0096 TRACUT/

0100

GOTO/

0100 GO---/

0131 TRACUT/

0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144

0145

EXAMPLE

GOTO/

GOoTO/

GOTO/

GOTO/

GOTO/

GoTOo/

GOTO/

GOTO/

GOTO/

GOTO/

GoTo/

GOTO/

GOTO/

GOTO/

0.5000
POINT
0.5000
SRFMIL
0.9896
VU FV
1.0000
0.0

0.0

SRFMIL
0.9896
SRFMIL
0.9822
0.9742

0.959%
0.9429
0.9248
0.9050
0.8837
0.8610
0.8369
0.8116
0.7851
0.7575
0.7289
0.6995
0.6693
0.6385
0.6071
0.5754
0.5485
0.5214
0.5107
0.5000
vuU PV
1.0000

3.3514

1.0250

1.0254

0.309%

00

.0
.0
.0

000
0.3094%

0.2915
0.2738

0.2451
0.2174
0.1908
0.1653
0.1411
0.1183
0.0969
0.0770
0.0586
0.0420
0.0271
0.0139
0.0026
-0.0068
-0.0144
-0.0200
-0.0232
-0.0250
-0.0253
-0.0254%

.0

1.3333
1.3333
0.7436
1.0785
1.0785
0.7583
0.9216
0.9216
0.1000
0.1000
0.1000

0.3250

-0.2500
1.0000
-0.2500

0.0
-1.0000
0.0

-0.2500

-0.2500
-0.2500

-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
~0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
~0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500
-0.2500

0.0
0.0
1.0000
1.0000
-0.2500
-0.2500
1.0000
-0.2500
-0.2500
1.0000
-0.2500
-0.2500
1.0000
-0.2500
-0.2500
1.0000

-0.2500

[~ N-N-)
[~ N-N-}

oo
oo

00171

00173

00175

00177

00178

GRAPHICS
GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

PAGE 0009

00180

00182

00184

00186

00188

00190

00192

00194

00196

00198

00200

00202

00204

00206

00208

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS

GRAPHICS
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0146 GOTO/
1

0147 GOTO/
0148 GOTO/
0149 GOTO/
0150 GOTO/
0151 GOTO/
0152 GOTO/
0153 GOTO/
0154 GOTO/
0155 GOTO/
0156 GOTO/
0157 GOTO/
0158 GOTO/
0159 GOTO/
0160 GOTO/
0161 GOTO/
0162 GOTO/
0163 GOTO/
0164 GOTO/
0165 GOTO/
0166 GOTO/
0167 GOTO/
0168 GOTO/
0170 SPINDL/
0171 STOP
0171 LEADER/
0171 END

SRFMIL
0.9954

POINT
0.9954
SRFMIL
3.2759
SRFMIL
0.9896

POINT
0.989%6
SRFMIL
3.5488
SRFMIL
3.4296

10.0000

0005 %3366 FINI 663%3%3%

.+..END OF SECTION 3....
SECTION 3 ELAPSED CPU TIME IN

0.3250

0.3250
0.4727
0.309%
0.3094
1.9807
1.2752
1.2752
1.7907
1.4603
1.4603
1.7752

1.4920

~1.4920

1.9808

1.2752

1.2752

1.7906

1.4603

1.4603

1.7752

1.4920

0.0

-0.2500

1.0000

-0.2500

-0.2500

1.0000

-0.2500

-0.2500

1.0000

-0.2500

-0.2500

1.0000

-0.2500

-0.2500

1.0000

-0.2500

-0.2500

1.0000

-0.2500

-0.2500

1.0000

~-0.2500

-0.2500

-0.2500

MIN/SEC

TOTAL PART PROGRAM CPU TIME IN MIN/SEC

EXAMPLE

066% END OF APT PROCESSING %%

IS 0000/00.6099

IS 0000/01.4233

00210 GRAPHICS

PAGE 0010
00212 GRAPHICS

00214 GRAPHICS
00216 GRAPHICS
00218 GRAPHICS
00220 GRAPHICS
00222 GRAPHICS
00224 GRAPHICS
00226 GRAPHICS
00228 GRAPHICS
00230 GRAPHICS
00232 GRAPHICS
00234 GRAPHICS
00236 GRAPHICS
00238 GRAPHICS
00240 GRAPHICS
00242 GRAPHICS
00244 GRAPHICS
00246 GRAPHICS
00248 GRAPHICS
00250 GRAPHICS
00252 GRAPHICS
00254 GRAPHICS
00256 GRAPHICS
00258 GRAPHICS
00259 GRAPHICS

00261 GRAPHICS
00263
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OUTPUT FILE

001 START INS 10

002 TD= 0.2500

003 SETUP > ZCXYU
004 FR XYZ= 7.0000
005 GO X 4.0000

006 GO Y -0.0254
007 SPINDLE ON

008 DWELL 04

009 GO Z -0.6000

010 GO X 4.0499

011 Y -0.0234
012 ZERO AT

013 X 4.0000

01¢ Y 0.7500

015 GR a 91.9087
016 > REF COODS
017 60 X 4.5177
0l8 Y 2.3375
019 GO X 4.5099

020 Y 2.3750

021 ZERO AT

022 X 4.0000

023 Y 2.2500

024 GR a 151.7444%
025 > REF COODS

026 GO X 3.3392

027 Y 1.4907

028 GO X 3.3355

029 Y 1.4768

030 ZERO AT

031 X 3.2653

032 Y 1.5032

033 GR a -51.0486
034 > REF COODS
035 GO X 0.4254

036 Y 1.0197
037 GO X 0.3877

038 Y 1.0129
039 ZERO AT

040 X 0.5000

04l Y 0.5000

042 GR a l62.7259

044 GO X 4.0000
045 GO Z 1.0000
046 GO X 4.0000
047 GO Y 0.62%6
048 GO Z -0.6000
049 GO X 3.9813
050 Y 0.6264

053 Y 0.7500
054 GR a -360.0000
055 > REF CO0DS
056 GO Z2 1.0000
057 GO X 4.0000
058 GO Y 2.1496
059 GO Z -0.6000
060 GO X 4.0167
061 Y 2.1514
062 ZERO AT
063 X 4.0000

EXAMPLE



064 Y 2.2500
065 GR a  334.1042
066 > REF COODS
067 GO Z 1.0000
068 GO X 0.5000
069 GO Y 0.600%4
070 GO Z -0.6000
071 GO X 0.4833
Y 0.5986
073  ZERO AT
074 X 0.5000
075 Y 0.5000
076 GR a  334.1042

8 88 888

' -~
o o
2 o
g (2]
o
AL X ALK LA LA AL XL AL XL LKL AL AL AL XL AL AL XL ALK LSS XN<XN
W
t
£
o
W

[
o
N
[2]
o

[
[=d
-]
8

108 GO

112 GO

116 GO

120 GO
122 GO
124 GO
126 GO
128 GO

130 GO

EXAMPLE



131 Y -0.0253
132 GO X 4.0000
133 Y -0.0254
134 GO Z 1.0000
135 GO X 3.2438
136 GO Y 0.9216
137 GO Z -0.2500
138 GO X 3.2568

(=)
W
0

m=<
o
h
-]
o
O
(-]

143 GR a -52.6204
144 > REF COODS

145 GO Z 1.0000

146 GO X 4.2250

147 GO Y 1.4920

148 GO Z -0.2500

149 GO X 4.2722

150 Y 1.4756

151 ZERO AT

15¢ GR a -65.5816
155 > REF COO0DS

156 GO Z2 1.0000
157 GO X 4.2250
158 GO Y 1.7751
159 GO Z -0.2500
160 GO X 4.2590
161 Y 1.7933
162 ZERO AT

163 X 4.0000

le¢ Y 2.2500

l6é5 GR a 56.1226
l66 > REF COODS

167 GO Z 1.0000
168 GO X 3.7750
169 GO Y 1.7752
170 GO Z -0.2500
171 GO X 3.7408
172 Y 1.7935
173  ZERO AT

17¢ X 4.0000
175 Y 2.2500
176 GR a -56.0984
177 > REF COODS

178 60 Z 1.0000
179 GO X 0.9576
180 GO Y 0.7583
181 GO Z -0.2500
182 GO X 0.9369
183 Y 0.7911
18¢ ZERO AT
185 X 0.5000
186 Y 0.5000
187 GR a 51.6311
188 > REF COODS
189 GO Z 1.0000
190 GO X 0.989%6
191 GO Y 0.309%
192 GO Z -0.2500
193 GO X 0.9822
19 Y 0.2915
195 GO X 0.9742
196 Y 0.2738
197 GO X 0.959%%

EXAMPLE



199 GO
201 GO
203 GO

207 GO

211 GO

(2]
™
tn
8

219 GO

225 GO
227 GO

229 GO

Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
231 GO0 X
Y
233 GO X
Y

X

Y

Z

X

Y

r4

X

Y

Z

X

Y

Z

X

Y

r4

X

Y

z

X

Y

r4

X

Y

r4

X

P4

X

Y

4

X

EXAMPLE

0.2451
0.9429
0.2174
0.9248
0.1908
0.9050
0.1653
0.8837
0.1411
0.8610
0.1183
0.8369
0.0969
0.8116
0.0770
0.7851
0.0586
0.7575
0.0420
0.7289
0.0271
0.6995
0.0139
0.6693
0.0026
0.6385
-0.0068
0.6071
-0.0144
0.5754
-0.0200
0.5485
-0.0232

3.4891
1.3333
1.0000
0.9655
0.7436
-0.2500
3.2976
1.0785
1.0000
0.9575
0.7583
-0.2500
3.2438
0.9216
1.0000
3.5772
0.1000
-0.2500
0.8407
1.0000
3.3514
0.3250
-0.2500
0.9954
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307 GO

r4
X
Y
b4
X
Y
Zz
X
Y
Z
X
Y
4
X
Y
Z
X
Y
z
X
Y
p4
Y
Z
X
Y
Z
X
Y
Z
X
Y
Z
X
Y
P4
X
Y
b4
Y
Z
X

<

1.0000
3.2759
0.4727
~-0.2500
0.989%6
0.309%
1.0000
3.5488
1.9807
-0.2500
3.4296
1.2752
1.0000
3.7449
1.7907
-0.2500
3.6890
1.4603
1.0000
3.7750
1.7752
-0.2500
1.4920
1.0000
4.4512
1.9808
-0.2500
4.570%
1.2752
1.0000
%.2551
1.7906
-0.2500
4.3110
1.4603
1.0000
4.2250
1.7752
-0.2500
1.4920
1.0000
0.0000
0.0000

308 SPINDLE OFF

309 END

EXAMPLE
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Appendix B
Program Listing

The following pages present the Fortran code for the post-processor interface between
CADAM NC and DYNA Milling Machine.

Program Listing 7



FIHIHNHHIIOEOIIIOEINNNENNHEEHNNNBEHNNNBNONNHEHEENNNREENNNNEEINEENE
PROGRAM CONVER
FEIINIIEIIIIINHIINIHIIHIH NI HIHIINIIHIIINNIIIIIIIIIIIIINIIIIEN R

C THIS PROGRAM CONVERTS THE OUTPUT OF THE APT-AC PROCESSOR TO A FORM
c THAT CAN BE INPUT TO THE DYNA PROGRAM

FEEIEIEHIEIIIFIENHIIN I NI NI IININNIINIHHINHFIFINIIIIHIINHIHHIFIININN
c WRITTEN BY: HARINDER SINGH OBEROI

FEIEIEIEIEIEIEIEIEIEIEIEIEIEIIEIEIEIEIIEIEIEIEINEIEIEIEIEIEIEIIEIEIEIIE I IEIEIEIEIIEIEIEIEIEIEIEIENIE I I IEIEIEIEIE I NI I

CHARACTER%81 INFILE, INFIL
INTEGER IN, OUT, I, J

IN=7
ouT=9
DO 100 I = 1, 10000
READ(IN,10) INFILE
10 FORMAT(A81)
IF(INFILE(6:14) .EQ. 'SECTION 3') THEN
GOTO 1000
ENDIF
100 CONTINUE

1000 DO 300 J = 1,10
READ(IN,20) INFIL
20 FORMAT(A81)
IF(INFIL(7:12) .EQ. 'CUTTER') THEN
WRITE(OUT,30) INFIL(7:81)
GO TO 310
ENDIF
300 CONTINUE
310 DO 320 J=1,10000
READ(IN,20) INFIL
IF(INFIL(13:16) .EQ. ‘'FINI') THEN
GOTO 1100
ENDIF
WRITE(OUT,30) INFIL(7:81)
30 FORMAT(A75)
320 CONTINUE
1100 WRITE(OUT,40) INFIL(13:16)
40 FORMAT(A4)
END
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Program CADDYN

FEIEIEIEIEIEIEIIEIEIEIEIEIEIEIEIEIEIIEHHIIEIIEHIEIEIEIEIEIEH I HHH I I I I I I
PROGRAM CADDYN
FEIIIIIIIEIIINIIIFIIHIIININIIININIH I NN INIIIIIOHHHOHHOEEHHHONBEBHNOOONEE

c THIS PROGRAM INTERFACES THE CADAM NC II FUNCTION TO THE DYNAMYTE

c MILLING MACHINE

FEHIIIIHIIIINHIIIEH NI I HIIEIIIIINHIIEHIIIIIN NN NI HINNIIIIIIHIFIINNIN
c WRITTEN BY: HARINDER SINGH OBEROI

FEFEFEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE I IEFIEFHIHIEIEIEIEIEI I I I I I IEIEIIEIEIFEFHHIIENHIIIIII I IEIN NI
N=NUMBER OF POINTS
KCOUNT=FLAG TO IDENTIFY THE TYPE OF STATEMENT
KFLAG=FLAG TO DETERMINE THE NUMBER OF CUTTERS
KFLAG1=FLAG TO IDENTIFY CUTTER STATEMENT
KFLAG2=FLAG TO IDENTIFY FEEDRATE STATEMENT
KFLAG3=FLAG TO IDENTIFY SPINDLE ON STATEMENT
KFLAG4=FLAG TO IDENTIFY SPINDLE OFF STATEMENT
FEIEIEIEIEIEIEIEIEIEIIEFIIENIEIEIEIIEIIIEIIIIE T I I I FHIEIE I HIIIIEIIIINH I IIOOHIOIIIOOIIEE
REAL TD
DIMENSION X(5000), Y(5000), Z(5000)
INTEGER N, IN, OUT, KCOUNT(100), KFLAG, M, J, KFLAG1(0:5000), K
INTEGER KFLAG2(0:5000),KFLAG3(0:5000),KFLAG4(0:5000)
CHARACTER%80 INFILE, IMP, TEMP, DUMMY
CHARACTER%25 BLANK, NUB%3, ANS¥%1, ANS1x1
CHARACTER%20 FINAL

XKOOOOOOO

DATA BLANK/' '/

PN IHHHHHNNHNEHNNHNHHHHEHHHHHEHPHEERHEHBHHHEHHHHBBOEEEEEEEEIIE
IN = 9
ouT = 12

IWRITE ( 6 5% ) * 3363606663633 I IHINIIHHIH I HHHIIHHH NN !
WRITE(6,%)'THE RANGE OF THE DYNA MILLING MACHINE IS'

WRITE(6,%)'X = 5.5 INCHES'
WRITE(6,%)'Y = 4.5 INCHES'
WRITE(6,%)'Z = 4.0 INCHES'

WRITE (6 5% ) ' 3369636363336 I3 HIIFIHHHHIIHHHHIFNIH NN !
WRITE (6 5% ) ! %3266 9636996 I I I I HF I F I H I I H I3 3 H H I 3636 1
WRITE(6,%)'DOES THE PART TO BE MACHINED LIE'
WRITE(6,%) 'WITHIN THESE PHYSICAL LIMITS'
WRITE(6,%)'ENTER (Y/N)'
WRITE (6 5% } " 33636969666 HHIH I FIIIIININIHHHIIH I !
READ(5,7) ANS

7 FORMAT(Al)

IF(ANS .EQ. 'Y') THEN
WRITE (6 5% ) ' 363663636636 663 MMM NI I NI |
WRITE(6,%)'THE CUTTER SIZES AVAILABLE ON DYNA ARE'
WRITE(6,%)'0.03125, 0.0625, 0.09375, 0.1875"
WRITE(6,%)'0.25, 0.3125, 0.375, 0.5'
IWRITE ( 6 5% ) ¥ 33636363666 36 1 X WM I IIII I NI IIIINIIII |
WRITE(6,%)'THE CUTTER SPECIFIED SHOULD BE EITHER'
WRITE(6,%)'ONE OF THESE OR CLOSE TO ONE OF THESE'
WRITE(6,%)'SIZES"
WRITE (653 ) ' 3636363636966 66 36 I I I H I I W HIEI I I HHHHININH !
WRITE(6,%)'IF THE CUTTER SIZE SPECIFIED IS'
WRITE(6,%)'NOT ONE OF THESE'
WRITE(6,%)'DO YOU WISH TO GO BACK AND CHANGE THE'
WRITE(6,%)'CUTTER SIZE WHILE GENERATING THE'
WRITE(6,%)'TOOL PATH ENTER (Y/N)'
NRITE(6,*)'***************************************'
READ(5,8) ANS1

8 FORMAT(Al)

IF(ANS1 .EQ. 'Y') THEN

GO TO 6000
ENDIF
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IF(ANS1 .EQ. 'N') THEN

GO TO 6001

ENDIF

ENDIF

IF(ANS .EQ. 'N') THEN
GO TO 6001

ENDIF

b L T T
6001 WRITE (6% ) " 3636336363 HIIHHIHH NN HHHHIEHIHHHFHHHHHIN *

WRITE (6,%) 'PLEASE ENTER THE PROGRAM NUMBER'

WRITE (6,%) 'IT SHOULD LIE BETWEEN 00 AND 99°'

WRITE (6 5% ) ' 3333696636696 336 636 3 3 2K I 23 I H I HHHHIIEIH I |

READ (5,%) N

WRITE (OUT,9)'001 START INS', N

9 FORMAT (Al13,1X,I2)

FEHIHIIHHHHIIIEIININH I KNI H NI IIIINHIIIIIIIIIIIIIIIIIININNIINNN

c THIS IS THE MAIN PROGRAM WHICH READS FROM THE INPUT FILE AND CALLS

c THE VARIOUS SUBROUTINES ASSOCIATED WITH EACH STATEMENT READ

FEIEIEIEIEIEIEFIEIEIEIE IEIEIEIEIEIEFEIEIEIEIEIEIEIEIE I FEIEIEIE I I IEIEIEIEIEIEIE FEFEIEIEIEIEIEIEFEIE I IEIEIEFIEIEIEIEIEIEIEIE I IEIEIENIEIE N
M=0

1000 DO 100 I = 1,100

READ (IN,10) INFILE
10 FORMAT(A80)

IF(INFILE(1:6) .EQ. 'CUTTER') THEN
KCOUNT(I)=1

CALL TOOL(INFILE)

M=M+1

ENDIF

IF(INFILE(1:6) .EQ. 'MCHTOL') THEN
M=M+1
ENDIF

IF(INFILE(1:6) .EQ. 'FEDRAT') THEN
KCOUNT(I)=2

CALL FEED(INFILE)

M=M+1

ENDIF

IF(INFILE(1:25) .EQ. BLANK) THEN
GO TO 1000
ENDIF

IF(INFILE(3:6) .EQ. 'FROM') THEN

KCOUNT(I)=3

M=M+1

CALL SETUP(INFILE)

CALL POINT(KFLAG,KFLAG1,KFLAG2,KFLAG3,KFLAG4G,N)
GO TO 110

ENDIF

100 CONTINUE
110 CONTINUE
FEIHIEIIN NI IIIIIIIIIIIIIIIIINIIIIIIIINIHINIIIIINIIIIOI I I
c THIS PART OF THE PROGRAM REWINDS ALL THE INTERNAL FILES CREATED
C CALLS THE MOTION SUBROUTINE
FEHIIIIINFIIIIIIIHIINNIIIIIIIIIIINIIIIINHIINIIHIIIINIIIINIINHFIH NI
REWIND(13)
REWIND(14)
REWIND(15)
REWIND(16)
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REWIND(17)

REWIND(18)

CALL MOTION(KFLAG,KFLAGL,N,X,Y,Z)

REWIND(19)

REWIND(20)
FEFFIIHIE I IIIEIIHIEIIIIEIEIH NI IEIIFIIIIINIIIIIIIIIIIIIIIINNINIIN NI IIIIININ
c THIS PART OF THE PROGRAM WRITES THE TOOL DIAMETER, FEEDRATE, AND
c SPINDLE ON AND SPINDLE OFF STATEMENT TO A INTERNAL FILE
FHIIIIEHIFIINNHINHIHHHHIIIIINHFHHIHIIIIIIIINHIIHIIHIIHNIHHIFIIHHINIININN
c TEMP=TEMPORARY CHARACTER STRING

FEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEFEIEIEIEIEIEIEIEIEIEIIEIE NI IEFEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIENEIEIEIEIEIIEIIEIEIEIEIIEN
DO 120 I=1,M

IF(KCOUNT(I) .EQ. 1) THEN
READ(19,11) TEMP
WRITE(23,12) TEMP

ENDIF

IF(KCOUNT(I) .EQ. 2) THEN
READ(14,11) TEMP
WRITE(23,12) TEMP

ENDIF

IF(KCOUNT(I) .EQ. 3) THEN
READ(17,11) TEMP
WRITE(23,12) TEMP

ENDIF

11 FORMAT(A80)
12 FORMAT(A80)
120 CONTINUE
e T g T T s e 2
C THIS PART OF THE PROGRAM WRITES THE MOTION STATEMENTS TO AN
c INTERNAL FILE
FEHIIIININIIIINNIIIIIIIINIIIIIEIINIIIIIENINIIININIIIIIIIIIIIIIIN MW ININIIIN
FEHIEIIIIINIIIIININIIINIIIIIIFIEIIINIIEI NI NI IIINIIIIINIIIIIIIINNNNINN
READ(14,13) TEMP
13 FORMAT(A80)
WRITE(23,13) TEMP
WRITE(23,14)'G0O X',X(2)
14 FORMAT(A4,1X,F7.4)
WRITE(23,15)'GO Y',Y(2)
15 FORMAT(A4,1X,F7.4)
WRITE(23,16)'SPINDLE ON'
16 FORMAT(Al0)
WRITE(23,17)'DHELL 04'
17 FORMAT(A8)
WRITE(23,18)'G0 Z',2(2)
18 FORMAT(A4,1X,F7.4)
T T T L s S T e et L e et

DO 130 I=3,N-1
DO 3020 J=1,4

IF(KFLAG1(I) .EQ. J) THEN
READ(19,19) TEMP

19 FORMAT(A80)
WRITE(23,20) TEMP

20 FORMAT(A80)
READ(19,19) TEMP
WRITE(23,20) TEMP
READ(19,19) TEMP
WRITE(23,20) TEMP
READ(19,19) TEMP
WRITE(23,20) TEMP
ENDIF
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IF(KFLAG2(I) .EQ. J) THEN
READ(14,19) TEMP
WRITE(23,20) TEMP

ENDIF

IF(KFLAG3(I) .EQ. J) THEN
READ(15,21) TEMP

21 FORMAT(A80)
WRITE(23,22) TEMP

22 FORMAT(A80)
READ(15,21) TEMP
WRITE(23,22) TEMP
ENDIF

IF(KFLAG4(I} .EQ. J) THEN
READ(16,23) TEMP
23 FORMAT(A80)
WRITE(23,24) TEMP
24 FORMAT(A80)
ENDIF

3020 CONTINUE

IF(Z(I) .GT. 0.5) THEN
WRITE(23,25)'G0 Z', Z(I)
GO TO 130

ENDIF

IF(Z(I-1) .GT. 0.5) THEN
WRITE(23,25)'G0 X', X(I)
WRITE(23,25)'G0O Y', Y(I)
WRITE(23,25)'60 Z2*', Z(I)
GO TO 130

ENDIF

IF(X(I) .EQ. X(I-1) .AND. Y(I) .EQ. Y(I-1) .AND.
1 Z(I) .EQ. Z(I-1)) THEN

GO0 TO 130

ENDIF

IF(X(I) .EQ. X(I-1) .AND. Y(I) .EQ. Y(I-1)) THEN
WRITE(23,25)'G0 Z',Z(I)
25 FORMAT(A4,1X,F7.4)
GO TO 130
ENDIF

IF(X(I) .EQ. X(I-1) .AND. Z(I) .EQ. Z(I-1)) THEN
WRITE(23,26)'G0 Y',Y(I)
26 FORMAT(A4,1X,F7.4)
GO TO 130
ENDIF

IF(Y(I) .EQ. Y(I-1) .AND. Z(I) .EQ. Z(I-1)) THEN
WRITE(23,27)'GO X',X(I)
27 FORMAT(A4>1X,F7.4)
GO To 130
- ENDIF

IF(X(I) .EQ. X(I-1)) THEN

WRITE(23,31)'GO Y',Y(I)
31 FORMAT(A4,1X,F7.4)

WRITE(23,32)" Z',Z(I)
32 FORMAT(AG,1X,F7.4)

GO TO 130

ENDIF
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IF(Y(I) .EQ. Y(I-1)) THEN

WRITE(23,33)'G0 X',X(I)
33 FORMAT(A4,1X,F7.4)

WRITE(23,34)' Z2',2(1)
34 FORMAT(A4,1X,F7.4)

GO TO 130

ENDIF

IF(Z(I) .EQ. Z(I-1)) THEN

WRITE(23,35)'G0O X',X(I)
35 FORMAT(A4,1X,F7.4)

WRITE(23,36)"' Y'>Y(I)
36 FORMAT(A4,1X,F7.4)

GO TO 130

ENDIF

WRITE(23,37)'G0O X',X(I)
37 FORMAT(A4,1X,F7.4)

WRITE(23,38)"* Y*'5Y(I)
38 FORMAT(A4,1X,F7.4)

WRITE(23,39)"' 2',2(I)
39 FORMAT(A4,1X,F7.4)

130 CONTINUE
FHEHIIIEIN NI IO IIIENIIIIIIIIIICNE
WRITE(23,40)'GO Z',2(1)
40 FORMAT(A4,1X,F7.4)
WRITE(23,41)'GO X',X(N)
41 FORMAT(AG,1X,F7.4)
WRITE(23,42)'GO Y',Y(N)
42 FORMAT(A4,1X,F7.4)
WRITE(23,'(A11)') 'SPINDLE OFF'
FEIIIEIFEIIIIHIIHIIIIEI I I H I I INIINIIIENIIIIIIIIIIIIIENIIIINIIIINN
READ(20,43) TEMP
43 FORMAT(A80)
WRITE(23,44) TEMP
4% FORMAT(A80)
FIIIINIIIIIIHIINIIIENIEIIEIEHIEIEIEIEH I NI IIIINIHIEIIIHHHH I TN IIIEIII NI W I

C THIS PART OF THE PROGRAM DETERMINES THE LENGTH OF THE MOTION

c STATEMENT FILE

FEIIIEIIENIH I H NI HIIININIHIINIIIOIHIHIIINIIIIIIFIIINI N HIIFIIN NN NN
REWIND(23)
K=1

DO 140 I=1,2000

READ(23,45) DUMMY
45 FORMAT(A80)

IF(DUMMY(1:3) .EQ. 'END') THEN
GO TO 150
ENDIF

K=K+1
140 CONTINUE
FIEIININIIHIIHF NI NI IIIIIIIEIINH NN FIIIIININIIIINIIINIIII

c THIS PART OF THE PROGRAM READS THE FINAL INTERNAL FILE, WRITES
C STATEMENT NUMBERS IN FRONT OF EACH STATEMENT AND WRITES IT TO
Cc THE FINAL OUTPUT FILE

FEFIEFIEII I I HEIEHIEHHIH I INIIIHIHIH I I I FIIIEIIINNIHIIIIIIIIIIINN
150 REWIND(23)
J=2

DO 160 I=1,K

READ(23,46) FINAL
46 FORMAT(AZ20)
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IF(J .LT. 10) THEN
WRITE(NUB, ' (2H00,I1)')J
ENDIF

IF(J .GT. 9 .AND. J .LT. 100) THEN
WRITE(NUB, '(1H0,I2)')J
ENDIF

IF(J .GE. 100 .AND. J .LT. 1000) THEN
WRITE(NUB, '(I3)')J
ENDIF

WRITE(OUT,47) NUB,FINAL
47 FORMAT(A3,1X,A20)
J=Jd+1l

160 CONTINUE

6000 END
IR IIIIIHOOEIIIEIINIINIIIIIIIOIINIIN

SUBROUTINE TOOL(IMP)
FEIINFIIIINIIINININIIIIII I I NI FIIIINIIINIHIIIIINIIIIIIIIII NI

c THIS SUBROUTINE CONVERTS THE CUTTER STATEMENT FROM THE INPUT FILE
C TO THE TOOL DIAMETER STATEMENT IN DYNA
FEIIIIIINIIIIINIIINIFHINHFIHIIENIH I I NI NI IO
c DIAM=TOOL DIAMETER READ FROM THE INPUT FILE

FEININ NI NI NI NI IIIIHHIHHIIH IO NI
CHARACTER%80 IMP
REAL TD, DIAM

READ(IMP,48) DIAM
48 FORMAT(8X,F10.5)
WRITE(13,49)'TD="', DIAM
49 FORMAT(A4,1X,F6.4)
RETURN
END
L L T e T e
SUBROUTINE FEED(IMP)
FEIIIININIHFIIIIINIEN I I H I H I NI IIIIIIINIEIII I IINIIIIEIE I I
c THIS SUBROUTINE TAKES THE FEEDRATE STATEMENT FROM THE INPUT FILE
c AND CHECKS WHETHER IT LIES IN THE RANGE OF FEEDRATES THAT CAN BE
o SPECIFIED FOR THE DYNA MILLING MACHINE AND WRITES THE CORRESPONDING
c DYNA FEEDRATE STATEMENT
FEFIIIIEIEH I I IIIIEIIIENIEIH I I HHIHIIIIEN NI I NN INIIIIIIIIIIININN
c FER=FEEDRATE READ FROM THE INPUT FILE
FEIEFEIEIIEIEIEIEIEIEIE I I 636 36 IEHE I I I I FI I I I HH I I IEIIIEIHIENIIIIIIIIIIIIIIIININ
CHARACTER»*80 IMP
REAL FER

READ(IMP,50) FER
50 FORMAT(8X,F10.5)

IF(FER .GT. 0.10 .AND. FER .LT. 32.0) THEN
GO TO 170
ENDIF

3030 WRITE(6,%)'THE FEEDRATE®
WRITE(6,'(8X,F10.5)') FER
WRITE(6,%)'CHOSEN IS OUT OF THE RANGE FOR THE DYNA'
WRITE(6,%)'MILLING MACHINE, PLEASE ENTER A FEEDRATE WHICH LIES®
WRITE(6,%)'IN THE RANGE OF 0.10 TO 32.0 IPM'
READ(5,%) FER

IF(FER .GT. 0.10 .AND. FER .LT. 32.0) THEN

GO TO 180
ENDIF
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GO TO 3030

170 WRITE(14,51)'FR XYZ=', FER
Bl FORMAT(A7,1X,F8.4)
GO TO 190
180 WRITE(14,52)'FR XYZ=', FER
52 FORMAT(A7,1X,F8.4)
190 RETURN
END
e L L L L L T T e T
SUBROUTINE SPINON
HIIIIIIININIIEIINIIIIIIIEINIIIIIINIIIIINININ I IINIIINIIIIIIIINIININ NN

c THIS SUBROUTINE TAKES THE SPINDLE ON STATEMENT FROM THE INPUT FILE
c AND CONVERTS IT TO THE SPINDLE ON STATEMENT FOR THE DYNA MILLING
C MACHINE

FHIIIINIHIIIIIIEIIEIIHBHHHOHHNNEEENNEIEHENOENOIENOEE XN

CHARACTER%*10 BLOCK
DATA BLOCK/'SPINDLE ON'/
WRITE(15,53) BLOCK

53 FORMAT(A10)
WRITE(15,54) 'DHELL 04*

54 FORMAT(A8)
RETURN
END

IR IIIIOOEHOLOOOBHEOBONNOHIONOONIIIOIOEIII I

SUBROUTINE SPIOFF
e L L L e s e s e )
c THIS SUBROUTINE TAKES THE SPINDLE OFF STATEMENT FROM THE INPUT
c FILE AND CONVERTS IT TO THE SPINDLE OFF STATEMENT FOR THE DYNA
c MILLING MACHINE
b T L e g T e s e et )
CHARACTER*11 BLOCK
DATA BLOCK/'SPINDLE OFF'/
WRITE(16,54) BLOCK
54 FORMAT(Al1l)
RETURN
END
e T L S e s e s s
SUBROUTINE SETUP(IMP)
FEHIEII NI IHIFIII NI IIIII NI NIIIIIIIIIIINHIH NN NI IINIININIE
c THIS SUBROUTINE TAKES THE FROM STATEMENT IN THE INPUT FILE AND
C CONVERTS IT TO THE SETUP STATEMENT FOR THE DYNA MILLING MACHINE
FEHHIIEIEIINHIEH NN NN I I NIINIIINIIIIHININIIIIIIIII NI IEHHIIIIHHK
CHARACTER*80 IMP,DUMMY
INTEGER OUT,IN
IN=9
ouT=12
WRITE(17,55)'SETUP > ZCXYU'
55 FORMAT(A13)
RETURN
END
B L L L e L s s
SUBROUTINE POINT(KFLAG,KFLAG1,KFLAG2,KFLAG3,KFLAG4>N)
FEIIEIIIINFNH NN FIIIIII NI NI
Cc THIS SUBROUTINE TAKES THE X, Y, AND Z COORDINATES AND WRITES THEM
c TO A FILE
FFIHIEINIEFHI NI H NI IR
KFLAG=FLAG TO DETERMINE THE NUMBER OF CUTTERS
KFLAG1=FLAG TO IDENTIFY CUTTER STATEMENT
KFLAG2=FLAG TO IDENTIFY FEEDRATE STATEMENT
KFLAG3=FLAG TO IDENTIFY SPINDLE ON STATEMENT
KFLAG4=FLAG TO IDENTIFY SPINDLE OFF STATEMENT
N=NUMBER OF POINTS
o L L T 2 e 2 S e s e s s L s
CHARACTER%80 INFIL
CHARACTER%25 BLANK

0O000O000

Program Listing

79



INTEGER N, M, KFLAG, IN, KFLAGL(0:5000),KFLAG2(0:5000)
INTEGER KFLAG3(0:5000),KFLAG4(0:5000)
REAL A,B,C
N=0
IN=9
KFLAG=0
FEEIIIIIH NI IH I HIHIN I NI NHIIIIIH NI IIIINNN
DATA BLANK/' '/
M=1

2001 DO 210 I=1,5000

READ(IN,56) INFIL
56 FORMAT(A80)

IF(INFIL(1:25) .EQ. BLANK) THEN
GO TO 2001
ENDIF

IF(INFIL(3:6) .EQ. 'GOTO') THEN
GO TO 2001
ENDIF

IF(INFIL(2:3) .EQ. 'GO') THEN
GO TO 2001
ENDIF

IF(INFIL(1:4) .EQ. 'STOP') THEN
GO TO 2001
ENDIF

IFCINFIL(1:6) .EQ. °'LEADER') THEN
GO TO 2001
ENDIF

IF(INFIL(1:3) .EQ. 'END') THEN
GO TO 2001
ENDIF

IFCINFIL(3:6) .EQ. 'FROM') THEN
GO TO 2001
ENDIF

IF(INFIL(1:7) .EQ. 'SURFACE') THEN
CALL CIRCLE(INFIL)

GO TO 2001

ENDIF

DO 3000 J=1,4

IF(INFIL(1:6) .EQ. 'CUTTER') THEN
CALL TOOL(INFIL)

KFLAG1(N)=M

KFLAG=KFLAG+1

GO TO 200

ENDIF

IF(INFIL(1:6) .EQ. 'FEDRAT') THEN
CALL FEED(INFIL)

KFLAG2(N)=M

GO TO 200

ENDIF

IF(INFIL(1:6) .EQ. 'SPINDL') THEN
IF(INFIL(16:17) .EQ. 'ON') THEN
CALL SPINON

KFLAG3(N)=M
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GO TO 200
ELSE

CALL SPIOFF
KFLAG4(N)=M
GO TO 200
ENDIF

ENDIF

GO TO 3001
3000 CONTINUE

200 M=M+1
GO TO 2001

3001 IF(INFIL(1:4) .EQ. °'FINI') THEN
CALL FINISCINFIL)
GO TO 220
ENDIF

READ(INFIL,57) A, B, C

57 FORMAT(10X,F8.4,3X,F8.4,3X,F8.4)
WRITE(18,58) A, B, C

58 FORMAT(10X,F8.4,3X,F8.4,3X,F8.4)
N=N+1
M=1

210 CONTINUE
220 RETURN
END
FEHHHHIIIIIN NI IIIIH IO INIIEIIIIIIIIIIIIIIIIIIIIFNHIIINIIIIIEINH I
SUBROUTINE CIRCLE(IMP)
FIIIIEIIIIIIIIFHIIIIIFIIIIINIIIEFIHIIIIIII NI IFHININNINIIIIIIIIII I W
c THIS SUBROUTINE TAKES THE CIRCULAR SURFACE DATA AND WRITES IT TO
c THE OUTPUT FILE
FEHIIIENIIEIHIEIFFIIHIIFIH I NIHHINIIIIIOIIIIIIIINEIIIEIIIIIIIIIEEIINIIIR
CHARACTER* 80 IMP, INFI
CHARACTER* 25 BLANK
INTEGER IN, OUT
REAL A,B,C,D,E,F
DATA BLANK/* '
IN=9
ouT=12
READ(IN,59) INFI
59 FORMAT(A80)
IF (INFI(1:25) .EQ. 'BLANK') THEN
READ(IN,60) A,B,C
READ(IN,60) D,E,F
60 FORMAT(10X,F7.4,4X,F7.4,4X,F7.4)
ELSE
READ(IN,60) D,E,F
ENDIF
RETURN
END
FEIIIIIIH I FIIIIHIIIHHHHH I I IIIIIIOEHHHHNNHNNNNNNNRRHNHHRHEE
SUBROUTINE MOTION(KFLAG,KFLAG1,N,X,Y,Z)
FITIIE NN I NI IO
c THIS SUBROUTINE TAKES THE GOTO STATEMENT FROM THE INPUT FILE AND
c CONVERTS IT TO THE MOTION STATEMENT FOR THE DYNA MILLING MACHINE
FEFEIEIEIEIIIEI6 663666 363636 36 3 3 H I H M HIIEI NI IIIIIENIEH I IEIE I I I I NI I I IIIN
SCALX=SCALE FACTOR IN THE X DIRECTION
SCALY=SCALE FACTOR IN THE Y DIRECTION
SCALZ=SCALE FACTOR IN THE Z DIRECTION
DRANX=RANGE OF DYNA IN THE X DIRECTION
DRANY=RANGE OF DYNA IN THE Y DIRECTION
DRANZ=RANGE OF DYNA IN THE Z DIRECTION
TD1 TO TD8= EIGHT CUTTERS AVAILABLE ON DYNA MACHINE
FSCAL=FINAL SCALE FACTOR TO BE USED FOR SCALING THE PART DOWN

OO0O0O0O0OO0O0
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c DIAM1 TO DIAM8= TOOL DIAMETERS READ FROM THE INPUT FILE
FEIEIIEFIEIEIEIEIHIEIEIEIEIEIIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE I I IEIE I I I IIIIIIIIN IR

DIMENSION A(5000),B(5000),C(5000)

DIMENSION X(5000),Y(5000),Z(5000)

INTEGER INT,N,J,KFLAG,KFLAG2

REAL SCALX,SCALY,SCALZ,DRANX,DRANY ,DRANZ,SCAL1,FSCAL

REAL TD1,TD2,TD3,TD4,TD5,TD6,TD7,TD8,SDIAM

REAL DIAM1l, DIAM2, DIAM3, DIAM&

REAL DIAM5, DIAM6, DIAM7, DIAM8

REAL XRANGE , YRANGE ,ZRANGE , FER » XZERO , YZERO

DIMENSION Y1(10000)

REAL XMIN,YMIN,XMAX,YMAX,ZMAX,ZMIN

CHARACTER*1 ANS

DRANX=5.5

DRANY=4%.5

DRANZ=4%.0

TD1=0.03125

TD2=0.0625

TD3=0.09375

TD4=0.1875

TD5=0.25

TD6=0.3125

TD7=0.375

TD8=0.5
FEHIIIIIEN NI I IIIIIIIIIIIIIIIIIEIIIHEIEE
c THIS PORTION OF THE SUBROUTINE READS IN THE X, Y, AND Z VALUES
c FROM A FILE
FEHFIINNIIIININHIHIENINIIHHIIIHHHHH I IIIIIIIINIIIIIIIIIIIN NN

DO 230 I=1,N

READ(18,61) X(I),Y(I),Z(I)
61 FORMAT(10X,F8.4,3X,F8.4,3X,F8.4)

230 CONTINUE
FEEHNIENIIINHIIIIIIIHINIIIIIIFHIIIOIIIIEIIIIIIIEIIIIIIIIEIIIOIHENNNNIEHEEE

c THIS PORTION OF THE SUBROUTINE PERFORMS THE COORDINATE
c TRANSFORMATIONS BY MAKING THE SETUP X, Y, AND Z VALUES ZERO
FEFEFEIEIIEH I I I IEHIIIIIIIIIIIIIIEIIIIIIIIIIIII IO
XZERO=X(1)
YZERO=Y(1)
DO 240 I=1,N

X(I)=X(I)-XZERO
Y(I)=Y(I)-YZERO

240 CONTINUE
FEHIII I NI HHIIIEIIIHOIIIHIIHHIIEIIIHHEIIOEIITOEEIIIEEII N
c THIS PORTION OF THE SUBROUTINE CALCULATES THE MINIMUM X, Y, AND Z
c VALUES
FHOEEIIENFHIFIIIIHHHHHHHHHOHNIEHHHHEEHHEHEEHEHHHHHHHHHRNNNRNNHOHEE
XMIN=X(1)
YMIN=Y(1)
ZMIN=2(1)

DO 250 I=2,N

IF(X(I) .LT. XMIN) THEN
XMIN=X(I)

ENDIF

IF(Y(I) .LT. YMIN) THEN
YMIN=Y(I)

ENDIF

IF(Z(I) .LT. ZMIN) THEN
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ZMIN=Z(I)
ENDIF

250 CONTINUE
FEHIIHIN NI FINIIIIIEIIIBEIIIOOEIIHOHENHHHHENHNHEEHNNBEHHHBHENHNREONNE
Cc THIS PORTION OF THE SUBROUTINE CALCULATES THE MAXIMUM X, Y, AND Z
c VALUES
FEHHIIIINHIH NN IO INNFHFIIIEIIIINHHENNNIBEENNE
XMAX=X(1)
YMAX=Y(1)
ZMAX=Z(1)

DO 260 I=2,N

IF(X(I) .GT. XMAX) THEN
XMAX=X(I)
ENDIF

IF(Y(I) .6T. YMAX) THEN
YMAX=Y(I)
ENDIF

IF(Z(I) .GT. ZMAX) THEN
ZMAX=Z(1)
ENDIF

260 CONTINUE
FEIHIIHIEIIFKIEHIIIH NI IIIIENIININH NI IIIIIIIIHIIIIIIIINNHIIIIIIIINFIIIINN
Cc THIS PORTION OF THE SUBROUTINE CALCULATES THE RANGE IN THE X, Y,
c Z DIRECTION
FEIIIIINIEIIIIIIIIIIIHIHIIHIIIIIH I NI IIIIIIIIINIIIIIIIIIIIINH I I
XRANGE =XMAX-XMIN
YRANGE =YMAX-YMIN
ZRANGE=ZMAX-ZMIN
FEFEHIEIIENHHH I I IHFHHIIINIHIIIIH I H NI HIIIIIIIIINHIINI NN NI
c THIS PORTION OF THE SUBROUTINE CALCULATES THE APPROXIMATE SCALE
c VALUE IN THE X, Y, AND Z DIRECTION
FEHIIEIIENIIHIIIFIEH NI I I IIIINHINIIIIIIIIHIIIHHHIIIHIIIIIHIIIN NI
IF(XRANGE .GT. DRANX) THEN
SCALX=XRANGE/DRANX
ELSE .
SCALX=1.0
ENDIF

IF(YRANGE .GT. DRANY) THEN
SCALY=YRANGE/DRANY

ELSE

SCALY=1.0

ENDIF

IF(ZRANGE .GT. DRANZ) THEN
SCALZ=ZRANGE/DRANZ

ELSE

SCALZ=1.0

ENDIF
FEIMHIIINHIIIIIIIIIINIII NI NI NI NI IIIIIIIIIENIIIIENH NI
C THIS PORTION OF THE SUBROUTINE CALCULATES THE MAXIMUM OF THE
c APPROXIMATE SCALE VALUES IN THE X, Y, AND Z DIRECTION

FEFIIIENINIIIIIENFHIIIEN I NI HIHHIIIH I I IO I
IF(SCALX .GE. SCALY) THEN
SCAL1=SCALX
ENDIF

IF(SCALY .GE. SCALX) THEN

SCAL1=SCALY
ENDIF
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IF(SCAL1 .LE. SCALZ) THEN
SCAL1=SCALZ

ENDIF
FIHIIINHHH NI IIFIINIIIIIINIIOEIIIININHIIINHIIIIIIIIININHIINIHFI NN FHIN
c THIS PORTION OF THE SUBROUTINE READS IN THE TOOL DIAMETERS FROM A
c INTERNAL FILE

FEFIIIIIIIH NI IHIHH N IHHIH NI INIII NN NHIIINFIINNHINN
READ(13,62) DIAM1L
IF(KFLAG .GT. 0) THEN
READ(13,62) DIAM2
ENDIF

IF(KFLAG .GT. 1) THEN
READ(13,62) DIAM3
ENDIF

IF(KFLAG .GT. 2) THEN
READ(13,62) DIAMG
ENDIF

IF(KFLAG .GT. 3) THEN
READ(13,62) DIAM5
ENDIF

IF(KFLAG .GT. 4) THEN
READ(13,62) DIAMé
ENDIF

IF(KFLAG .GT. 5) THEN
READ(13,62) DIAM7
ENDIF

IF(KFLAG .GT. 6) THEN
READ(13,62) DIAM8
ENDIF

62 FORMAT(5X,F6.4)
FEFIIHIEIHIEHIIHIH NI HIHIEH I I I IIIIINIIHHHIHHIIINIIIIIN I I H I I IININIENI
IF(SCAL1 .EQ. 1.0) THEN
WRITE (653 ) " 3269696963636 36363 36 36 3 H I H I K HHHHIEHH I W I HHHHIIHIHHHIE 1
WRITE(6,%)'THE PART IS WITHIN THE RANGE OF DYNA *
WRITE(6,%)'SO IT DOES NOT HAVE TO BE SCALED DOWN'
IWRITE (6 53 ) * 3633696963636 36363636 36 36 3 I H 96 F6 36 26 36 36 36 36 3 3 I I I HHHHH I 36 1

GO TO 270

ENDIF

GO TO 280
FEFIIEIEIIIIHIHH NN IIINIIIIIIIIINIIIHINHHHIIIIIIINIIHH I IO
Cc THIS PORTION OF THE SUBROUTINE WRITES OUT THE TOOL DIAMETERS IF
c THE PART IS NOT TO BE SCALED DOWN

FEHIIIIEHIIHIFH NI NN IHI I I I IIIIIIIIIIEIIOREHOHEEIREEIIREIIOE IR
270 WRITE(19,63)'TD=', DIAM1

IF(KFLAG .GT.0) THEN
WRITE(19,64)'TOOL 2°'
WRITE(19,65) 'SPINDLE OFF'
WRITE(19,63)'TD="', DIAM2
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103)'DHELL 04’
ENDIF

IF(KFLAG .GT.1l) THEN
WRITE(19,64)'TOOL 3'
WRITE(19,65)'SPINDLE OFF'
WRITE(19,63)'TD="', DIAM3
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103)'DWELL 04'
ENDIF
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. IF(KFLAG .GT.2) THEN
WRITE(19,64)'TOOL &'
WRITE(19,65) 'SPINDLE OFF'
WRITE(19,63)'TD="', DIAM4
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103)'DWELL 04°'
ENDIF

IF(KFLAG .GT.3) THEN
WRITE(19,6%4)'TOOL 5°'
WRITE(19,65)'SPINDLE OFF"
WRITE(19,63)'TD="', DIAMS
WRITE(19,66)'SPINDLE ON'
WRITE(19,103)'DWELL 04°'
ENDIF

IF(KFLAG .GT.4) THEN
WRITE(19,64)'TOOL 6°
WRITE(19,65) 'SPINDLE OFF'
WRITE(19,63)'TD="', DIAMé6
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103) 'DHWELL 04'
ENDIF '

IF(KFLAG .GT.5) THEN
WRITE(19,64)'TOOL 7'
WRITE(19,65) 'SPINDLE OFF'
WRITE(19,63)'TD="', DIAM?7
WRITE(19,66)'SPINDLE ON'
WRITE(19,103)'DWELL 04'
ENDIF

IF(KFLAG .GT.6) THEN
WRITE(19,64)'TOOL 8'
WRITE(19,65)'SPINDLE OFF'
WRITE(19,63)'TD=', DIAMS
WRITE(19,66)'SPINDLE ON'
WRITE(19,103)'DWELL 04'
ENDIF

63 FORMAT(A4,1X,F6.4)
64 FORMAT(A6)

65 FORMAT(All)

66 FORMAT(AlO)

103 FORMAT(A8)

FSCAL=1.0

GO TO 310
FEFEIEIEIEIIEIE I I I I W I INIIIIIIIIHHIEI I IIIINHIIIIIININIIIIIIIHIN I
& THIS PORTION OF THE SUBROUTINE CALCULATES THE SCALE VALUE AND
c CORRESPONDINGLY SCALES THE TOOL DIAMETER

FEHHIIE KK I H I I H I NI NI NI IEHIEIEIEI I I I I IIIIINIINIIIIIHIENIIEHH I
280 WRITE (6 5% ) ' MMM HHHHWIHHIHIIIHIIIFHIN I HIHHHIIHH NN '
WRITE(6,%)'THE PART SHOULD BE SCALED DOWN'
WRITE(6,67)SCAL1
67 FORMAT(1X,F6.4)
WRITE(6,%)'TIMES, SO THAT IT CAN BE MACHINED ON DYNA'
IWRITE (6 5% ) " 3363363663636 36 36 36 36 33 J NI I I I I I HIIHIIH I I H I 1
FEIIIIIIFIIFHIIIH I I HHIIIIIIIIIIIIINFHIH I H I I IIFIINIIIH I
DO 290 I=1,5

KFLAG2=1
CALL CUTTER(DIAM1,SCAL1,KFLAG2,SDIAM)
SCAL1=DIAM1/SDIAM

IF(KFLAG .GT. 0) THEN
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KFLAG2=2
CALL CUTTER(DIAM2,SCAL1,KFLAG2,SDIAM)

ENDIF

IF(KFLAG .GT. 1) THEN

KFLAG2=3

CALL CUTTER(DIAM3,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 2) THEN

KFLAG2=%

CALL CUTTER(DIAM4,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 3) THEN

KFLAG2=5

CALL CUTTER(DIAM5,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 4) THEN

KFLAG2=6

CALL CUTTER(DIAM6,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 5) THEN

KFLAG2=7

CALL CUTTER(DIAM7,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 6) THEN

KFLAG2=8

CALL CUTTER(DIAM8,SCAL1,KFLAG2,SDIAM)
ENDIF

FEHIEIIEI NI I NI NN HHIIIIIINIIIIIIIININHNIHHHHHHREEOOHEOEIOE
WRITE(6,%)'THE SCALE IS '
WRITE(6,68)SCALL
68 FORMAT(1X,F6.4)
WRITE(6,%)'DO YOU WISH TO USE THE SAME SCALE? (Y/N)'
READ(5,69) ANS
69 FORMAT(Al)

IF(ANS .EQ. 'Y') THEN
GO TO 300
ENDIF

IF(ANS .EQ. 'N') THEN
WRITE(6,%)'PLEASE ENTER THE SCALE YOU WISH TO USE'
READ(5,70) SCAL1
70 FORMAT(F6.4)
ENDIF

290 CONTINUE )
FEHIIEHIEHHIE NI INIIIIIIIIHIININIIEIEIIENIIIHIEIEFIN NN IIIIIIIIIINIHIFNINN
c THIS PORTION OF THE SUBROUTINE WRITES THE TOOL DIAMETERS TO AN
c INTERNAL FILE
FFIIINIHIIIIIIN N HHHIIIIHHHIOHHHHEEHEEEHHHOHHOHHHOEIEEIIEEIIIIIIEN

300 FSCAL=SCAL1l

FDIAM=DIAM1/SCAL1
WRITE(19,71)'TD="',FDIAM

IF(KFLAG .GT. 0) THEN
FDIAM=DIAMZ/SCAL1
WRITE(19,72)'TOOL 2°'
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(19,104)'DWELL 04'
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ENDIF

IF(KFLAG .GT. 1) THEN
FDIAM=DIAM3/SCAL1
WRITE(19,72)'TOOL 3'
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD=",FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(195104)'DWELL 04'
ENDIF

IF(KFLAG .GT. 2) THEN
FDIAM=DIAM4/SCAL1
WRITE(19,72)'TOOL &'
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(19,104) 'DWELL 04'
ENDIF

IF(KFLAG .GT. 3) THEN
FDIAM=DIAM5/SCAL1
WRITE(19,72)'TOOL 5'
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74) 'SPINDLE ON'
WRITE(19,104) 'DHELL 04'
ENDIF

IF(KFLAG .GT. 4) THEN
FDIAM=DIAM6/SCAL1
WRITE(19,72)'TOOL 6°'
WRITE(19,73) 'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74) 'SPINDLE ON'
WRITE(19,104) 'DWELL 04'
ENDIF

IF(KFLAG .GT. 5) THEN
FDIAM=DIAM7/SCALl
WRITE(19,72)'TOOL 7°*
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(19,104) 'DWELL 04'
ENDIF

IF(KFLAG .GT. 6) THEN
FDIAM=DIAM8/SCAL1
WRITE(19,72)'TOOL 8°*
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74) 'SPINDLE ON'
WRITE(19,104) 'DWELL 04'
ENDIF

71 FORMAT(A4,1X,F6.4)
72 FORMAT(A6)
73 FORMAT(All)
74 FORMAT(AL10)
104 FORMAT(A8)
FEHIEIHIIENIIIIHIFIEI NI NIHIIIIIENII NI I IINNIIINIFHIINK
c THIS PORTION OF THE SUBROUTINE CALCULATES THE NEW X, Y, AND Z
c COORDINATE DATA
P IIINNIEIIINIIIIIEIIOOEIIIEIIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIIIIIINNININ
310 DO 320 I=1,N
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X(I)=X(I)/FSCAL
Y(I)=Y(I)/FSCAL
Z(I)=Z(I)/FSCAL

320 CONTINUE
FEIIIIIHIIIN NI IIIIINIIIIINIIIIEIIIIINHIIII NI IR
c THIS PORTION OF THE SUBROUTINE CALCULATES THE MAXIMUM VALUES OF THE
c NEW X, Y, AND Z COORDINATES AND INFORMS THE USER OF THE
c POSITION OF THE SETUP POINT
FIIIINIIH NI IIIIIII NI INIIINIIIIIIIIHINHIIFIIIIIIINNNNNNNNE
XMAX=X(1)
YMAX=Y(1)
ZMAX=2Z(1)

DO 330 I=2,N

IF(X(I) .GT. XMAX) THEN
XMAX=X(I)
ENDIF

IF(Y(I) .GT. YMAX) THEN
YMAX=Y(I)
ENDIF

IF(Z(I) .GT. ZMAX) THEN
ZMAX=Z(1)
ENDIF

330 CONTINUE
IWRITE (6 »3 ) * 6363636363636 363636 336 36 3 3 I HIHIEH 3 I JE I H H I H I IIN NN |
WRITE(6,%)'THE MAXIMUM TRAVEL IN X DIRECTION IS'
WRITE(6,105) 'XMAX=',XMAX,'INCHES'
IWRITE ( 6 5% ) * 3636363636 363636366 36 36 36 36 3 I H H I 3 H HHE I I I I I I I H NI HINIE !
WRITE(6,%)'THE MAXIMUM TRAVEL IN THE Y DIRECTION IS'
WRITE(6,105) 'YMAX=',YMAX,'INCHES'
WRITE (6 59 ) * 3636363636636 36 36366 36 36 3 36 3636 36 36 36 36 H J I HEIIIIINIIINIFHIINIHN |
WRITE(6,%)'THE MAXIMUM TRAVEL IN THE Z DIRECTION IS®
WRITE(6,105) 'ZMAX="',ZMAX,'INCHES"
WRITE (6 5% ) * %3366 36363636 3 I I H H I H I I I I I HHHHHHIHIHIHIHIH I *
105 FORMAT(1X,A5,1X,F8.4,1X,A6)
XMIN=X(1)
YMIN=Y(1)
ZMIN=2Z(1)

DO 340 I=2,N

IF(X(I) .LT. XMIN) THEN
XMIN=X(I)
ENDIF

IF(Y(I) .LT. YMIN) THEN
YMIN=Y(I)
ENDIF

IF(Z(I) .LT. ZMIN) THEN
ZMIN=Z(I)
ENDIF

340 CONTINUE

HWRITE(6,%)'THE MINIMUM X, Y, AND Z COORDINATES ARE'
WRITE(6,106) ‘'XMIN=',XMIN,'INCHES'
WRITE(6,106) °'YMIN=',YMIN, 'INCHES'
WRITE(6,106) 'ZMIN=',ZMIN,'INCHES'
106 FORMAT(1X,A5,1X,F8.4,1X,A6)
RETURN
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END
FIIIIIIHIIINIIIHHIHIIIIINIIHINIIIIIIIHHHHHHHHEEHEEHEHHNNRHRHBHRNE®

SUBROUTINE CUTTER(TDIAM,SCAL1,KFLAG2,SDIAM)
FEFFEIIIIEIIEIIEIIEIEIEIIEIIENIIIIIIIIIEIIEIIEN I I I I H I HHI NI HIIIHIIIHIEIIIH NI
c THIS SUBROUTINE TAKES THE VARIOUS DIFFERENT CUTTERS, SCALES THEM
c DOWN AND CHECKS WHETHER THE SCALED CUTTERS ARE AVAILABLE ON DYNA
FEHIHIFIEN I IIIIIIFIIIN NI NI I NN NI IINIHHHINNIIIIHIIIIIIIN NN

REAL TDIAM, SCALl, SDIAM

INTEGER KFLAG2

CHARACTER%*1 ANS

REAL TD1,TD2,TD3,TD4,TD5,TD6,TD7,TD8

TD1=0.03125
TD2=0.0625
TD3=0.09375
TD4=0.1875
TD5=0.25
TD6=0.3125
TD7=0.375
TD8=0.5

WRITE (6 5% ) ! 3366363666636 3636 I I I H I IIEIEIENE I I I I I I

IF(KFLAG2 .EQ. 1) THEN
WRITE(6,%)'THE FIRST CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAG2 .EQ. 2) THEN
WRITE(6,%)'THE SECOND CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAGZ .EQ. 3) THEN
WRITE(6,%)'THE THIRD CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAGZ .EQ. 4) THEN
WRITE(6,%)'THE FOURTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAG2 .EQ. 5) THEN
WRITE(6,%)'THE FIFTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAGZ .EQ. 6) THEN
WRITE(6,%)'THE SIXTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAG2 .EQ. 7) THEN
WRITE(6,%)'THE SEVENTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAGZ .EQ. 8) THEN
WRITE(6,%)'THE EIGHTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

SDIAM=TDIAM/SCAL1
WRITE(6,75) SDIAM
75 FORMAT(1X,F6.4)

IF(SDIAM .EQ. TD1) THEN

WRITE(6,%) 'WHICH IS AVAILABLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD2) THEN
WRITE(6,%) 'WHICH IS AVAILABLE ON DYNA'
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GO TO 350
ENDIF

IF(SDIAM .EQ. TD3) THEN

WRITE(6,%) 'WHICH IS AVAILABLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD4) THEN
WRITE(6,%)'WHICH IS AVAILABLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD5) THEN
WRITE(6,%)'WHICH IS AVAILABLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ.TD6) THEN

WRITE(6,%) 'WHICH IS AVAILBLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD7) THEN

WRITE(6,%) 'WHICH IS AVAILBLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD8) THEN
WRITE(6,%)'WHICH IS AVAILABLE ON DYNA®
GO TO 350

ENDIF

IF(SDIAM .LT. TD1) THEN

WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TD1

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'D0 YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD1
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD1 .AND. SDIAM .LT. TD2) THEN
WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TD1

FORMAT(1X,F6.4)

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD1
ENDIF
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IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD2 .AND. SDIAM .LT. TD3) THEN
WRITE(6,%) 'WHICH IS CLOSE TO*

WRITE(6,76) TD2

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD2
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF ‘

GO TO 350
ENDIF

IF(SDIAM .GT. TD3 .AND. SDIAM .LT. TD4) THEN
WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TD3

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD3
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO*
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL®
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD4 .AND. SDIAM .LT. TD5) THEN
WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TD4

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD4
ENDIF

IF(ANS .EQ. 'N') THEN
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WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%) 'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'®
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD5 .AND. SDIAM .LT. TD6) THEN
WRITE(6,%) 'WHICH IS CLOSE TO'

WRITE(6,76) TD5

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD5
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD6 .AND. SDIAM .LT. TD7) THEN
WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TDé .

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS :

IF(ANS .EQ. 'Y') THEN
SDIAM=TD6
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD7 .AND. SDIAM .LT. TD8) THEN
WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TD7

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD7
ENDIF

IF(ANS .EQ. 'N') THEN
WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
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WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%) 'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO0 TO 350
ENDIF

IF(SDIAM .GT. TD8) THEN

WRITE(6,%) 'WHICH IS CLOSE TO'

WRITE(6,76) TD8

WRITE(6,%)'AVAILABLE ON DYNA®

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD8
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'*
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%) 'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

77 FORMAT(Al)
350 WRITE( 6 5% ) ' 366636366 MO I '
" RETURN
END
FEIIIIN TN IIIIINIIIIIIIHHHHHNHNHHOHHHHHHHHEHHHEHEEEOEEEEE
SUBROUTINE FINIS(IMP)
FEFEHIEHIEIIIIIHHINIIIEIEIIHHHIIIINHIIIINIIIINHIIIHIIIIINIH TN IIIIIIIIINIH NN
c THIS SUBROUTINE TAKES THE FINI STATEMENT FROM THE INPUT FILE AND
c CONVERTS IT TO THE END STATEMENT FOR THE DYNA MILLING MACHINE
FEFIEIIEIIIIENI I I HHIHIIIIEHHH I I IHHIIIIIIIIIIIIIIIIIFIIHFIFIIIIIIHHH I
CHARACTER%80 IMP
INTEGER OUT
ouT=12
WRITE(20,78)'END’
78 FORMAT(A3)
RETURN
END
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Program MODDYN

€

IIEIEINIIINIIIIIIENIIIIEIIIIIIEIEIIEIIIEIEIIEIEIE I IEIE I IEIEHIEIIEIEIEH I
PROGRAM MODDYN
FEIINININNINIIINR NN I IIEIEIIEIEIIEIE I IEHIEH I IEIIEIEH I I I I

c THIS PROGRAM INTERFACES THE CADAM NC II FUNCTION TO THE DYNAMYTE

c MILLING MACHINE USING THE CIRCLE SUBROUTINE PREPROGRAMMED INTO

c THE DYNA MACHINE CONTROLLER
FEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE I IEIEIE I IEIEIEIEIEIEIE I IEINIIIIEIIIEIEIEIEIEIIEIEIIEIIEIEIHIEIEI I
c WRITTEN BY: HARINDER SINGH OBEROI

FEIEIEIEIEIEIEIEIEIEIEIEIEIEHIEIEIEIEIEIEIEIE I IEIEIIEIEIE I IE IEIEIEIE FEIEIEIEIIEIEIENHIEIEIEIEIEIEIE I IEIEIE I IEIEIEIIEIE FEHIEI I
N=NUMBER OF POINTS
KCOUNT=FLAG TO IDENTIFY THE TYPE OF STATEMENT
KFLAG=FLAG TO DETERMINE THE NUMBER OF CUTTERS
KFLAG1=FLAG TO IDENTIFY CUTTER STATEMENT
KFLAG2=FLAG TO IDENTIFY FEEDRATE STATEMENT
KFLAG3=FLAG TO IDENTIFY SPINDLE ON STATEMENT
KFLAG4=FLAG TO IDENTIFY SPINDLE OFF STATEMENT
KFLAG5=FLAG TO IDENTIFY SURFACE STATEMENT
FEFIEHIEIEIIEHIEHHIIIHHHIIF I FI I IEIH I I NI NI H I
REAL TD, ANG
DIMENSION X(5000), Y(5000), Z(5000)
INTEGER N, IN, OUT, KCOUNT(100), KFLAG, M, J, KFLAG1(0:5000), K
INTEGER KFLAG2(0:5000),KFLAG3(0:5000),KFLAG4(0:5000),L,D(100)
INTEGER KFLAG5(0:5000),P, Q, R, FLG
REAL XC,YC,2ZC
CHARACTER%80 INFILE, IMP, TEMP, DUMMY
CHARACTER%25 BLANK, NUB%3, ANS*1, ANS1xl
CHARACTER%20 FINAL

XKOOOOOOOO0

DATA BLANK/' 4
FHHHEEHHHHEHHHHEHHEHHEHHHEHHEHHEHEHEHHHHHHEHHNHEHPHHHHHHHHHHEHEONHHEOE

IN = 9

ouT = 12

WRITE (6 53 ) ' 3066636363663 3 I3 HHIIFHHFH I IIINIIHH I |
WRITE(6,%)'THE RANGE OF THE DYNA MILLING MACHINE IS'
WRITE(6,%)'X = 5.5 INCHES'
WRITE(6,%)'Y = .5 INCHES'
WRITE(6,%)'Z = 4.0 INCHES'
WRITE (6 5% ) ' 9636336363 K K3 HHHHIHHIHH I I I I NN 1
WRITE (6 53 ) ' 3363636363636 636 3633 M I IIIIINIIIIIN I !
WRITE(6,%)'DOES THE PART TO BE MACHINED LIE'
WRITE(6,%) 'WITHIN THESE PHYSICAL LIMITS'
WRITE(6,%) 'ENTER (Y/N)'
WRITE (6 5% ) ' 3636636663636 0666 IE6EHEEHNENNONHEHONO0E !
READ(5,7) ANS

7 FORMAT(Al)

IF(ANS .EQ. 'Y') THEN
IWRITE ( 6 5% ) " 363636363636 3636 36 36 362696 36 3 36 3 I3 W I IIIIIIIENIH I NI |
WRITE(6,%)'THE CUTTER SIZES AVAILABLE ON DYNA ARE'
WRITE(6,%)'0.03125, 0.0625, 0.09375, 0.1875'
WRITE(6,%)'0.25, 0.3125, 0.375, 0.5"
WRITE (6 5% ) ' 33636363636 363636 336 36 36 I I I 26 96 26 I3 H6 I3 36 36 26 H I H 2 HHH I 2636 1
WRITE(6,%)'THE CUTTER SPECIFIED SHOULD BE EITHER'
WRITE(6,%)'ONE OF THESE OR CLOSE TO ONE OF THESE'
WRITE(6,%)'SIZES"
IWRITE ( 6 53 ) ' 363636366 3636363636 36 3636 36 36 3 H 6 I I 96 36 26 I I H I HHHIHHHHIE
WRITE(6,%)'IF THE CUTTER SIZE SPECIFIED IS'
WRITE(6,%) 'NOT ONE OF THESE'
WRITE(6,%)'DO YOU WISH TO GO BACK AND CHANGE THE®
WRITE(6,%) 'CUTTER SIZE WHILE GENERATING THE'
WRITE(6,%)'TOOL PATH ENTER (Y/N)*
WRITE (6 5% ) ' 363636963636 3636 363636 36 333 I I I I NI I IIHHIH NI N6 1
READ(5,8) ANS1

8 FORMAT(Al)
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IF(ANS1 .EQ. 'Y') THEN

GO TO 6000

ENDIF

IF(ANS1 .EQ. 'N') THEN
GO TO 6001

ENDIF

ENDIF

IF(ANS .EQ. 'N') THEN
GO TO 6001

ENDIF

FEI6I6IEIIEIEIEIEIEIEIEIEIEIIEIEIIENIIEIIEIIIIEIIIEFIINIE NI NI NI IIIIEINIIIIIEIIIIIINIIIIIIN
6001 WRITE (6 5% ) " 336366663663 I I I IEFIEHIIEII NI I I I HIIN NN '

WRITE (6,%) 'PLEASE ENTER THE PROGRAM NUMBER'

WRITE (6,%) 'IT SHOULD LIE BETWEEN 00 AND 99°'

WRITE (6 5% ) " 336363 IEIIIE T IIEIEIIHIIEIEIIIIIIIINIIIIH¥% '

READ (5,%) N

WRITE (OUT,9)'001 START INS', N

9 FORMAT (Al13,1X,12)

FEIEIEIEIEIEIETEIEIEIEIEIEIEIEIEIEIIETEIEIEIEHIEIEIIEIEIEIEIEIETE I I IEIEIIEIEIEI I IEIEN I IE I I I I IIIIFIEHIIENIEIIIENI N

c THIS IS THE MAIN PROGRAM WHICH READS FROM THE INPUT FILE AND CALLS

c THE VARIOUS SUBROUTINES ASSOCIATED WITH EACH STATEMENT READ

FEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE I IEIETEIEIE FEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE IEFEIEIEIEIEIEIEIEIEIEIIEIE I
M=0

1000 DO 100 I = 1,100

READ (IN,10) INFILE
10 FORMAT(A80)

IF(INFILE(1:6) .EQ. 'CUTTER') THEN
KCOUNT(I)=1

CALL TOOL(INFILE)

M=M+1

ENDIF

IF(INFILE(1:6) .EQ. 'MCHTOL') THEN
M=M+1
ENDIF

IF(INFILE(1:6) .EQ. 'FEDRAT') THEN
KCOUNT(I)=2

CALL FEED(INFILE)

M=M+1

ENDIF

IF(INFILE(1:25) .EQ. BLANK) THEN
GO TO 1000
ENDIF

IF(INFILE(3:6) .EQ. 'FROM') THEN

KCOUNT(I)=3

M=M+1

CALL SETUP(INFILE)

CALL POINT(KFLAG,KFLAG1,KFLAG2,KFLAG3,KFLAG4,KFLAG5,D,N,L)
GO TO 110

ENDIF

100 CONTINUE

110 CONTINUE
FEIEIIIIHHH I IIIIIIIIIIIIIHIHHIHHINHIREIIIHEEENOEEINONOHEEEENNE
c THIS PART OF THE PROGRAM REWINDS ALL THE INTERNAL FILES CREATED
c CALLS THE MOTION SUBROUTINE
FFIIHIHIIFHIIININIIIINIIIIINIIINIIII NI INIIHINIIHIIINII I NN IINFHINHFNIN
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REWIND(13)
REWIND(14)
REWIND(15)
REWIND(16)
REWIND(17)
REWIND(18)
REWIND(25)
CALL MOTION(KFLAG,KFLAG1,L,N>X,Y,Z)
REWIND(19)
REWIND(20)
REWIND(26)
REWIND(28)
ORI IIEHHOHHNNNNNNNNNNNNNE
c THIS PART OF THE PROGRAM WRITES THE TOOL DIAMETER, FEEDRATE, AND
c SPINDLE ON AND SPINDLE OFF STATEMENT TO A INTERNAL FILE
FEIIFEIINI NI HFHIHHHHHIHHHHHHIIIHHINNNNINNNHHRHHHHOERHRHHOEEEEE
c TEMP=TEMPORARY CHARACTER STRING
FIIIIIIIII NI NI IFINIIIFIIIIINFIIIIIEEEIHHHNONNNNNNNNNNNE
DO 120 I=1,M

IF(KCOUNT(I) .EQ. 1) THEN
READ(19,11) TEMP
WRITE(23,12) TEMP

ENDIF

IF(KCOUNT(I) .EQ. 2) THEN
READ(14,11) TEMP
WRITE(23,12) TEMP

ENDIF

IF(KCOUNT(I) .EQ. 3) THEN
READ(17,11) TEMP
WRITE(23,12) TEMP

ENDIF

11 FORMAT(A80)
12 FORMAT(A80)

120 CONTINUE
FEI6IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE IEIE IEIEIE IEIEIE I IEIEIEIEIEIEIEIEIEIEIEIEIE IEIEIEIEIEIEIE IE I IEIEIEIE I I NI
c THIS PART OF THE PROGRAM WRITES THE MOTION STATEMENTS TO AN
c INTERNAL FILE
FEIEIEIEIEIEIE I IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE IEIEIE IEIE I I IEIEIEIEIEIEIEIEIEIEIEIEIEIEIE IEIEIEIE IEIE I I I IIEIEN W
IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEFEIEIEIEIEIEIEFIEIEIE I IEIEIEIEIEIIEIEIEIEIEIEIIEIEIEIEIEIEIEFEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIIEIEIEIE I

READ(14,13) TEMP
13 FORMAT(A80)
WRITE(23,13) TEMP
WRITE(23,14)'GO X',X(2)
14 FORMAT(A4,1X,F7.4)
WRITE(23,15)'GO Y',Y(2)
15 FORMAT(A%,1X,F7.4)
WRITE(23,16)'SPINDLE ON'
16 FORMAT(A10)
WRITE(23,17)'DHELL 06
17 FORMAT(A8)
WRITE(23,18)'G0 2',2(2)
18 FORMAT(A4,1X,F7.4)
FEHIEIEIEIIEIIIEFEIEIEIETEIEIEIEIEIEIEIEIE IEFETEIEIEIIEIEIEFEIEIEIEIE I IEIE I IEIEIEIEIEIEIEIEIEIEIEIENIEIIEIEIIEIIIEI IO
P=0
DO 130 I=3,N-1

DO 3020 J=1,5

IF(KFLAG1(I) .EQ. J) THEN
READ(19,19) TEMP

19 FORMAT(A80)
WRITE(23,20) TEMP

20 FORMAT(A80)
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READ(19,19) TEMP
WRITE(23,20) TEMP
READ(19,19) TEMP
WRITE(23,20) TEMP
READ(19,19) TEMP
WRITE(23,20) TEMP
ENDIF

IF(KFLAG2(I) .EQ. J) THEN
READ(14,19) TEMP
WRITE(23,20) TEMP

ENDIF

IF(KFLAG3(I) .EQ. J) THEN
READ(15,21) TEMP

21 FORMAT(AS80)
WRITE(23,22) TEMP

22 FORMAT(A80)
READ(15,21) TEMP
WRITE(23,22) TEMP
ENDIF

IF(KFLAG4(I) .EQ. J) THEN
READ(16,23) TEMP
23 FORMAT(A80)
WRITE(23,24) TEMP
24 FORMAT(A80)
ENDIF

IF(KFLAG5(I) .EQ. J) THEN
WRITE(23,114) 'ZERO AT'
114 FORMAT(2X,A7)
READ(28,115) XC,YC,2C
115 FORMAT(10X,F7.4,4X,F7.4,4X,F7.4)
WRITE(23,116) 'X', XC
WRITE(23,116) 'Y', YC
116 FORMAT(2X,Al,1X,F7.4)
READ(26,117) ANG
117 FORMAT(1X,F10.4)
WRITE(23,118) 'GR a', ANG
118 FORMAT(1X,A4,1X,F10.4)
WRITE(23,119) '> REF COODS'
119 FORMAT(1X,All)
FLG=1
P=P+1
Q=I+D(P)-1
ENDIF

3020 CONTINUE

R=I

IF(FLG .EQ. 1) THEN
c R=R+1

IF(R .EQ. Q) THEN

FLG=0

ENDIF

GO TO 130

ENDIF

IF(Z(I) .GT. 0.5) THEN
WRITE(23,25)'G0 2*, Z(I)
GO0 TO 130

ENDIF

IF(Z2(I-1) .GT. 0.5) THEN

WRITE(23,25)'GD X', X(I)
WRITE(23,25)'GO Y', Y(I)
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25

26

27

31

32

33

34

35

36

37

38

39

130

FEIIEIIEIIEIIEIHIEIENHIIIEIIHIIIIIIIIIIIIHINOHIIIOHHEOHNNEIHEOHRHEEEHHHHMEHHROHEE

40
4l

42

Program

WRITE(23,25)'G0 Z2', Z(I)
GO TO 130
ENDIF

IF(X(I) .EQ. X(I-1) .AND. Y(I) .EQ.

1 Z(I) .EQ. Z(I-1)) THEN
GO TO 130
ENDIF

IF(X(I) .EQ. X(I-1) .AND. Y(I) .EQ.

WRITE(23,25)'GO Z',Z(I)
FORMAT(AG,1X,F7.4)

GO TO 130

ENDIF

IF(X(I) .EQ. X(I-1) .AND. Z(I) .EQ.

WRITE(23,26)'G0 Y',Y(I)
FORMAT(A%,1X,F7.4)

GO TO 130

ENDIF

IF(Y(I) .EQ. Y(I-1) .AND. Z(I) .EQ.

WRITE(23,27)'GO X',X(I)
FORMAT(A4,1X,F7.4)

GO TO 130

ENDIF

IF(X(I) .EQ. X(I-1)) THEN
WRITE(23,31)'GO Y',Y(I)
FORMAT(A%4,1X,F7.4)
WRITE(23,32)" Z',2(1)
FORMAT(A4,1X,F7.4)

GO TO 130

ENDIF

IF(Y(I) .EQ. Y(I-1)) THEN
WRITE(23,33)'G0O X',X(I)
FORMAT(A4,1X,F7.4)
WRITE(23,34)' Z',Z(1)
FORMAT(A%4,1X,F7.4)

GO TO 130

ENDIF

IF(Z(I) .EQ. Z(I-1)) THEN
WRITE(23,35)'G0 X',X(I)
FORMAT(A%4,1X,F7.4)
WRITE(23,36)" Y'Y(I)
FORMAT(A4,1X,F7.4)

GO TO 130

ENDIF

WRITE(23,37)'GO X',X(I)
FORMAT(A4,1X,F7.4)
WRITE(23,38)" Y',Y(I)
FORMAT(A4,1X,F7.4)
WRITE(23,39)" Z',Z(1)
FORMAT(A%,1X,F7.4)

CONTINUE

WRITE(23,40)'GO Z',2(1)
FORMAT(A4,1X,F7.4)
WRITE(23,41)'GO X',X(N)
FORMAT(A4,1X,F7.4)
WRITE(23,42)'GO Y',Y(N)
FORMAT(A4,1X,F7.4)
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WRITE(23,'(All)')'SPINDLE OFF'
FIIIIEIII I HFIHHHININIIIIIFII TN HIINIIIHINHIIINIHNIINNNIN
READ(20,43) TEMP
43 FORMAT(A80)
WRITE(23,44) TEMP
4% FORMAT(AS80)
FEFIIEIIINKH I HHIIIIIII NI IIIIIIINIIEIIIIIIEHIINIENIIHIIIIN NN

c THIS PART OF THE PROGRAM DETERMINES THE LENGTH OF THE MOTION
c STATEMENT FILE
FEFIIIIININFINNNIINIHIIIIHHIIIHIHW I I IINFH I HIIIN NI HHIIIIHH I
REWIND(23)
K=1

DO 140 I=1,2000

READ(23,45) DUMMY
45 FORMAT(A80)

IF(DUMMY(1:3) .EQ. ‘'END') THEN
GO TO 150
ENDIF

K=K+1
140 CONTINUE
FEIIEIH NI NI IINIIIINIIN NI NI NI IIIFIIINIIIIINHIIHIFHH I

c THIS PART OF THE PROGRAM READS THE FINAL INTERNAL FILE, WRITES
(o STATEMENT NUMBERS IN FRONT OF EACH STATEMENT AND WRITES IT TO
o THE FINAL OUTPUT FILE

FOIIIIEIEIIHIHFFIIIIININ NI FHIFIHINHIIINIINN
150 REWIND(23)
J=2

DO 160 I=1,K

READ(23,46) FINAL
46 FORMAT(A20)

IF(J .LT. 10) THEN
WRITE(NUB, '(2H00,I1)"')J
ENDIF

IF(J .GT. 9 .AND. J .LT. 100) THEN
WRITE(NUB,'(1H0,I2)')J
ENDIF

IF(J .GE. 100 .AND. J .LT. 1000) THEN
WRITE(NUB,'(I3)"')J
ENDIF

WRITE(OUT,47) NUB,FINAL
47 FORMAT(A3,1X,A20)
J=Jd+l

160 CONTINUE

6000 END
FEFHIEHIIFI NI IFINI NI IIIIIIIIIIIIIIIIIIIIINIIIIIEI IO
SUBROUTINE TOOL(IMP)
6666366 26363636 I I H I NI IIFIINIIIIIIIEI I NI IIIINIIIIIINIEIIEIII I I

c THIS SUBROUTINE CONVERTS THE CUTTER STATEMENT FROM THE INPUT FILE
c TO THE TOOL DIAMETER STATEMENT IN DYNA

FEEIEIEIEIEIEIEIEIEIEIEIE I I IIIEI NI IHIIIIHIIIEII I IINIIIIINIIIIIIIIIIIIIINNNN
c DIAM=TOOL DIAMETER READ FROM THE INPUT FILE

FHIEHIIEIIIIIIFH I I I I NI IIIIIIIINN
CHARACTER*80 IMP
REAL TD, DIAM
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READ(IMP,48) DIAM
‘48 FORMAT(8X,F10.5)
WRITE(13,49)'TD=", DIAM
49 FORMAT(A%,1X,F6.4)
RETURN
END
FEINIINH I KNI NI I IIIIIIIIINIIIIII NI IHINIHIIHIEHIHIIHIIINNININN
SUBROUTINE FEED(IMP)
FEIIHIE I I IIENIIH NI I N H NI IIIIN I HHIIIIIIIIIN NI IIIHHHHIININ
c THIS SUBROUTINE TAKES THE FEEDRATE STATEMENT FROM THE INPUT FILE
c AND CHECKS WHETHER IT LIES IN THE RANGE OF FEEDRATES THAT CAN BE
c SPECIFIED FOR THE DYNA MILLING MACHINE AND WRITES THE CORRESPONDING
c DYNA FEEDRATE STATEMENT
FEIIIHH NN I H NN IH I IH NI
c FER=FEEDRATE READ FROM THE INPUT FILE
FEHIIIIIN NI IH I NI IH I
CHARACTER*80 IMP
REAL FER

READ(IMP,50) FER
50 FORMAT(8X,F10.5)

IF(FER .GT. 0.10 .AND. FER .LT. 32.0) THEN
GO TO 170
ENDIF

3030 WRITE(6,%)'THE FEEDRATE'
WRITE(6,'(8X,F10.5)') FER
WRITE(6,%) 'CHOSEN IS OUT OF THE RANGE FOR THE DYNA'
WRITE(6,%)'MILLING MACHINE, PLEASE ENTER A FEEDRATE WHICH LIES®
WRITE(6,%)'IN THE RANGE OF 0.10 TO 32.0 IPM'
READ(5,%) FER

IF(FER .GT. 0.10 .AND. FER .LT. 32.0) THEN
GO TO 180
ENDIF

GO TO 3030

170 WRITE(14,51)'FR XYZ=', FER
51 FORMAT(A7,1X,F8.4)
GO TO 190
180 WRITE(14,52)'FR XYZ=', FER
52 FORMAT(A7,1X,F8.4)
190 RETURN
END
FEHIIEIIIEI NI IIIIIIIIIIIIH NI I IIIIIIEIIIIIIIIIIINIIIINIHN I IR
SUBROUTINE SPINON
FEH I HHHIIEH I IHIIH I HINIHI NN IIIIIIIIIHHIIIIIIHH NI IIIIIIINIFIIINE

o} THIS SUBROUTINE TAKES THE SPINDLE ON STATEMENT FROM THE INPUT FILE
o AND CONVERTS IT TO THE SPINDLE ON STATEMENT FOR THE DYNA MILLING
C MACHINE

FHIHIIH I NI IIIH NI NN IIIIIIIINN NI IFIIIINII NN
CHARACTER*10 BLOCK
DATA BLOCK/'SPINDLE ON'/
WRITE(15,53) BLOCK
53 FORMAT(A10)
WRITE(15,54) 'DWELL 04'
54 FORMAT(A8)
RETURN
END
FEIEINIENIEI I I NI NI INHIIHHHHIIIIIIEII NI I IIIOIIEIIIIIIIIINININIIII I NN
SUBROUTINE SPIOFF
FEHFIEIICIEIIEIEH I IFIIIEH I I I IIINFIH I I I I KK I I I HHIEIIIIIIIN NN I IEHIEHIIN
c THIS SUBROUTINE TAKES THE SPINDLE OFF STATEMENT FROM THE INPUT
c FILE AND CONVERTS IT TO THE SPINDLE OFF STATEMENT FOR THE DYNA
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c MILLING MACHINE
FEHIIIEIEIEIEN I NN NN IIIIINIIINIINIIINI NN IIINIIIIINNIIIIIIIHH I
CHARACTER%*11 BLOCK
DATA BLOCK/'SPINDLE OFF'/
WRITE(16,54) BLOCK
54 FORMAT(All)
RETURN
END
FEIIIHH NN IR IIIIIIIIIHHHHHHHHEHNHNNHHNNRRNNNHOHE
SUBROUTINE SETUP(IMP)
FE3EIEIIIII TN IIIINI N NINIINIIIIIIN I I IIIIINIIIININIIIIIIINIIIENIHINFNN
C THIS SUBROUTINE TAKES THE FROM STATEMENT IN THE INPUT FILE AND
c CONVERTS IT TO THE SETUP STATEMENT FOR THE DYNA MILLING MACHINE
FEXIIININIIHI NI IIIFIIIIIIINIIIIIHIHH NI IIIIININININIIINIIN
CHARACTER*80 IMP,DUMMY )
INTEGER OUT,IN
IN=9
ouT=12
WRITE(17,55)'SETUP > ZCXYU'
55 FORMAT(Al13)
RETURN
END
L S e st
SUBROUTINE POINT(KFLAG,KFLAG1,KFLAG2,KFLAG3,KFLAG%,KFLAG5,D,N,L)
FEIIII NI H NI FHIH I NI IINIHIINHIHINFIHIINN
c THIS SUBROUTINE TAKES THE X, Y, AND Z COORDINATES AND WRITES THEM
c TO A FILE
FEHIHHIIIIIIHIIIFHHIIIHIHIIIH NI NI NI HIIIIIIIIIIIIIIIIIIIIIHHIININN
" KFLAG=FLAG TO DETERMINE THE NUMBER OF CUTTERS
KFLAG1=FLAG TO IDENTIFY CUTTER STATEMENT
KFLAG2=FLAG TO IDENTIFY FEEDRATE STATEMENT
KFLAG3=FLAG TO IDENTIFY SPINDLE ON STATEMENT
KFLAG4=FLAG TO IDENTIFY SPINDLE OFF STATEMENT
KFLAG5=FLAG TO IDENTIFY SURFACE STATEMENT
N=NUMBER OF POINTS
FEIIEIIIIENIEHIIIFHIIIINIHHIF IO IR
CHARACTER%80 INFIL
CHARACTER%*25 BLANK
INTEGER N> M, KFLAG, IN, KFLAG1(0:5000),KFLAG2(0:5000)
INTEGER L, D(100), KFLAG5(0:5000), E, H
INTEGER KFLAG3(0:5000),KFLAG4(0:5000)

O0O00O0O0O0O0

REAL A,B,C
FEEIHIIIIHHH NN IIIEHII NI F I NN IIHIIIIIIIIIINHIIINII NI
DATA BLANK/' '/
N=0
IN=9
KFLAG=0
M=1
L=0

2001 DO 210 I=1,5000
READ(IN,56) INFIL
56 FORMAT(A80)

IF(INFIL(1:25) .EQ. BLANK) THEN
GO TO 2001
ENDIF

IF(INFIL(3:6) .EQ. 'GOTO') THEN
GO TO 2001
ENDIF

IF(INFIL(2:3)'.EQ. 'GO') THEN
GO TO 2001
ENDIF

IF(INFIL(1:4) .EQ. 'STOP') THEN
GO TO 2001
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ENDIF

IF(INFIL(1:6) .EQ. 'LEADER') THEN
GO TO 2001
ENDIF

IF(INFIL(1:6) .EQ. 'TRACUT') THEN
DO 700 H=1,3
READ(IN,56) INFIL
700 CONTINUE
GO TO 2001
ENDIF

IF(INFIL(1:3) .EQ. 'END') THEN
GO TO 2001
ENDIF

IF(INFIL(3:6) .EQ. 'FROM') THEN
GO TO 2001
ENDIF

DO 3000 J=1,5

IFCINFIL(1:6) .EQ. 'CUTTER') THEN
CALL TOOL(INFIL)

KFLAGL1(N)=M

KFLAG=KFLAG+1

GO TO 200

ENDIF

IF(INFIL(1:6) .EQ. 'FEDRAT') THEN
CALL FEEDCINFIL)

KFLAG2(N)=M

GO TO 200

ENDIF

IF(INFIL(1:6) .EQ. 'SPINDL') THEN
IF(INFIL(16:17) .EQ. 'ON') THEN
CALL SPINON

KFLAG3(N)=M

GO TO 200

ELSE

CALL SPIOFF

KFLAG4(N)=M

GO TO 200

ENDIF

ENDIF

IF(INFIL(1:7) .EQ. 'SURFACE') THEN
L=L+1

CALL CIRCLE(IMP,L,D)
KFLAG5(N+1)=M

N=N+D(L)

GO TO 200

ENDIF

GO TO 3001
3000 CONTINUE

200 M=M+1
GO TO 2001

3001 IF(INFIL(1:4) .EQ. 'FINI') THEN
CALL FINISCINFIL)
GO TO 220
ENDIF
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READ(INFIL,57) A, B, C

57 FORMAT(10X,F8.4,3X,F8.4,3X,F8.4)
WRITE(18,58) A, B, C

58 FORMAT(10X,F8.4,3X,F8.4,3X,F8.4)
N=N+1
M=1
GO TO 2001

210 CONTINUE
220 RETURN
END
FEIHIIIINNFI NI IIIIFIIINIIIIIIIIIHHENHHBEHIHHHENNNOPIHNOIHEOEER
SUBROUTINE CIRCLE(IMP,L,D)
FEIEIIIIINHFHIINIF IR H NN HHIIHHHIIFIFHIIIIIHHIIH NI I IIIIF NI I NI
c THIS SUBROUTINE TAKES THE CIRCULAR SURFACE DATA AND WRITES IT TO
c THE OUTPUT FILE
FEIIIIINIEIN NI IHIIIINIIIIIIIHHINIHIIIIIINIINIIIIIFI NN
CHARACTER* 80 IMP, INFI
CHARACTER* 25 BLANK
INTEGER IN, OUT, L, D(100), K, E, FLG
REAL XC,YC,2C, X(200),Y(200),Z(200),D0T, RAD, XC1l,YC1,2C1,RAD1
REAL X1,Y1,Z1,X2,Y2,22,XK,YK,ZK,MAG1,MAG2,MAGK ,XFC,YFC,ZFC
REAL XFC1,YFC1,ZFC1,MAGC,MAGC1,THETA,THETAl,DIV,PI
REAL G,H,F,TEST1

DATA BLANK/* '/

2 T L
IN=9
ouT=12

PI=3.1415926
READ(IN,59) INFI
READ(INFI,60) XC,YC,ZC
WRITE(25,60) XC,YC,ZC
59 FORMAT(A80)
READ(IN,59) INFI
READ(INFI,63) G,H,F,RAD
63 FORMAT(10X,F7.4,4X,F7.4,4X,F7.4,4X,F7.4)
K=0
FLG=0
FEFFFIIIFIFIIFIFIIHINHHIIHIHHHHH I IIIOIHHHHHHHHEHEHEEEEHEEOHOEIHINNINE
3002 DO 201 I=1,200
READ(IN,59) INFI

IF(INFI(1:25) .EQ. BLANK) THEN
READ(IN,59)INFI
ENDIF

IF(INFI(1:7) .EQ. 'SURFACE') THEN
READ(IN,59)INFI
READ(INFI,60)XC1l,YC1,2Cl
READ(IN,59)INFI
READ(INFI,63)G,H>F,RAD1
IF(XC1l .EQ. XC .AND. YC1l .EQ. YC .AND. ZC1l .EQ. ZC .AND.
1 RAD1 .EQ. RAD) THEN
3004 READ(IN,59)INFI
IF(INFI(3:6) .NE. 'GOTO') GO TO 3004
READ(IN,59)INFI
GO TO 3003
ENDIF
E=1
ENDIF
IF(INFI(3:6) .EQ. 'GOTO'.AND. FLG .NE. 0 ) THEN
GO TO 3000
ENDIF
IF(INFI(3:6) .EQ. 'GOTO' .AND. K .EQ. O ) THEN
GO TO 3002
ENDIF
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3003 READ(INFI,60) X(I),Y(I),Z2(I)
WRITE(18,60) X(I), Y(I), Z(I)
60 FORMAT(10X,F7.4,4X,F7.4,4X,F7.4)
K=K+1
FLG=1
201 CONTINUE
b T T T T i S T T e L s L s T e Lt o

3000 D(L)=K
X1=X(1) - XC
Y1=Y(1l) - YC
X2=X(2) - XC
Y2=Y(2) - YC
XK=X(K) - XC
YK=Y(K)} - YC

DOT= (X1%XK) + (Y1%YK)
MAG1=SQRT(X1%%2 + Y1%%2)
MAG2=SQRT(X2%%2 + Y2%%2)
MAGK=SQRT(XK%*%2 + YK»%2)
ZFC=X1%Y2 - Y1%X2
ZFC1=X1%YK - Y1%XK
MAGC=SQRT(ZFC%%2)
MAGC1=SQRT(ZFC1%%2)
THETA=ACOS(DOT/(MAG1*MAGK ) )
DIV=ZFC/ZFCl

IF(DIV .LT. 0.) THEN
THETA = 2.%PI - THETA
ENDIF

IF(ZFC .LT. 0.) THEN

THETAl= - (180.0/PI) % THETA
IF(ABS(THETAl) .GT. 335.0) THEN
THETA1=-360.0

ENDIF

ENDIF

IF(2ZFC .GT. 0.) THEN

THETAl= (180.0/PI) * THETA
IF(ABS(THETAl) .GT. 335.0) THEN
THETA1=360.0

ENDIF

ENDIF

WRITE(26,61) THETAl
61 FORMAT(1X,F10.4)
3001 RETURN
END
FOIIEIIEFH I I I NI IIIIINNHI NI HHIIIIIIIIIINIIIIINIIHH
SUBROUTINE MOTION(KFLAG,KFLAG1,L,N,X,Y,Z)
FEIIEIIIENHIIEIIINIIIIINHIIFIIIIHIIHHFHIIIIIIN I HIFININHHIENIIIIIINIINIIIIIN
c THIS SUBROUTINE TAKES THE GOTO STATEMENT FROM THE INPUT FILE AND
o} CONVERTS IT TO THE MOTION STATEMENT FOR THE DYNA MILLING MACHINE
FEIIEIIHNINIHIEIIIIFIIIHIIIIIINIIIEIHIHHHIIIIHIHINHINIEIHIEFINIHIHFIIIIIHHHIIN I
SCALX=SCALE FACTOR IN THE X DIRECTION
SCALY=SCALE FACTOR IN THE Y DIRECTION
SCALZ=SCALE FACTOR IN THE Z DIRECTION
DRANX=RANGE OF DYNA IN THE X DIRECTION
DRANY=RANGE OF DYNA IN THE Y DIRECTION
DRANZ=RANGE OF DYNA IN THE Z DIRECTION
TD1 TO TD8= EIGHT CUTTERS AVAILABLE ON DYNA MACHINE
FSCAL=FINAL SCALE FACTOR TO BE USED FOR SCALING THE PART DOWN
DIAM1 TO DIAM8= TOOL DIAMETERS READ FROM THE INPUT FILE
FIIEHIIENFIIHHIHIEFIIIIIIEHFIII I IIEIHIN I NI HHIFIIIIIIHIIIHIIHIHIFIINIIININ N
DIMENSION A(5000),B(5000),C(5000)
DIMENSION X(5000),Y(5000),Z2(5000)
INTEGER INT,N,J,KFLAG,KFLAG2,L
REAL SCALX,SCALY,SCALZ,DRANX,DRANY ,DRANZ ,SCAL1,FSCAL

0OO0O00O0O0OO0O0
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REAL TD1,TD2,TD3,TD4,TD5,TD6,TD7,TD8,SDIAM

REAL DIAM1l, DIAM2, DIAM3, DIAM4

REAL DIAMS5, DIAMé6, DIAM7, DIAM8

REAL XRANGE , YRANGE ,ZRANGE , FER »XZERO,YZERO

REAL XC(100),YC(100),2C(100),XNC(100),YNC(100),ZNC(100)
DIMENSION Y1(10000)

REAL XMIN,YMIN,XMAX,YMAX,ZMAX,ZMIN

CHARACTER*1 ANS

DRANX=5.5
DRANY=4.5
DRANZ=4.0
TD1=0.03125
TD2=0.0625
TD3=0.09375
TD4=0.1875
TD5=0.25
TD6=0.3125
TD7=0.375
TD8=0.5
FEIEIEIEIEIE I I IEIEIEIEIEIEIEIEFEIEIEIEFEIEFEIEIE I IE 6 JEIEIEIEIEIEIEIE IEIEIEIEIEIEIEIEIEIEIE IEIEIEIIEIE I IEIE I IEIE I IEIEIEIEIEIEIEIEIEIE I
c THIS PORTION OF THE SUBROUTINE READS IN THE X, Y, AND Z VALUES
c FROM A FILE
FEIEIEIEIEIEIEIEIEIEIEIE I IEIEIE I IEIEIEIEFEIEIEIEIEIEIEIEIE IEIEIEIEIEIEIEIE IEIEIEIEIEIEIEIEIE IEIEIEIE IEIEIEIEIE IEIEIEIEIEIEIE I IEIEIE I IEIEIE
DO 230 I=1,N

READ(18,61) X(I),Y(I),Z(I)
61 FORMAT(10X,F8.4,3X,F8.4,3X,F8.4)

230 CONTINUE
FEHI I FEHIIIIIIINHIINHHINIHHH NI IIIIIHIIIIIIIINIIIIIIIIIIIIIINI N
c THIS PORTION OF THE SUBROUTINE PERFORMS THE COORDINATE
c TRANSFORMATIONS BY MAKING THE SETUP X, Y, AND Z VALUES ZERO
FEIIIFNIFINIIIIIIINIINH I I I I I IIINIFIIIHIIH I I H I HH NI
XZERO=X(1)
YZERO=Y(1)
DO 240 I=1,N

X(I)=X(I)-XZERO
Y(I)=Y(IJ-YZERO

240 CONTINUE
FEIIEIIIIENIIIFIHIIIIIN I IIIIIIIIIIIIIIIIINIIN NI
c THIS PORTION OF THE SUBROUTINE CALCULATES THE MINIMUM X, Y, AND Z
c VALUES
FOEEIIIIINNIH NI IIIIIIIIIIIIIIIIIINIIIIIIIINI NI

XMIN=X(1)
YMIN=Y(1)
ZMIN=Z(1)

DO 250 I=2,N

IF(X(I) .LT. XMIN) THEN
XMIN=X(I)
ENDIF

IF(Y(I) .LT. YMIN) THEN
YMIN=Y(I)
ENDIF

IF(Z(I) .LT. ZMIN) THEN
ZMIN=Z(I)
ENDIF

250 CONTINUE
FOININNFFHFINHIHHIHHIIIIOOOORHEEIINIIIIIHHHHOHOHHHBEEEEEHONHNHHNONE
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c THIS PORTION OF THE SUBROUTINE CALCULATES THE MAXIMUM X, Y, AND Z
c VALUES
FHIIEHIEIEH K I HI NI I IO IO NI IIINIIIIHRHH NI
XMAX=X(1)
YMAX=Y(1)
ZMAX=Z(1)

DO 260 I=2,N

IF(X(I) .GT. XMAX) THEN
XMAX=X(1)
ENDIF

IF(Y(I) .GT. YMAX) THEN
. YMAX=Y(I)
ENDIF

IF(Z(I) .GT. ZMAX) THEN
ZMAX=Z(1)
ENDIF

260 CONTINUE
FEHI NI I NI NN NIIIIIIHIINNHHIIIIIIIIIIIIIFIINII I I
c THIS PORTION OF THE SUBROUTINE CALCULATES THE RANGE IN THE X, Y,
c Z DIRECTION
FEHFFINIH I IIEIIHIININHHHIIIEIHHIIIIIFIHIIIIHH I NIFIIIIHIHHHIIIIIKNINE
XRANGE =XMAX-XMIN
YRANGE =YMAX-YMIN
ZRANGE =ZMAX-ZMIN
FEHHIIINHHIHHHIIINIH NI I IIIIIIIIIINNIN I INIIIINII NI NN
c THIS PORTION OF THE SUBROUTINE CALCULATES THE APPROXIMATE SCALE
C VALUE IN THE X, Y, AND Z DIRECTION
FII NI IHIIINHIIINIIII NI IHH I NN I N HIIHHIIIIFII NI NN IIHINIEN
IF(XRANGE .GT. DRANX) THEN
SCALX=XRANGE/DRANX

IF(YRANGE .GT. DRANY) THEN
SCALY=YRANGE/DRANY

ELSE

SCALY=1.0

ENDIF

IF(ZRANGE .GT. DRANZ) THEN
SCALZ=ZRANGE/DRANZ

ELSE

SCALZ=1.0

ENDIF
FEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE I IEIEIEIE I IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE I IEIEIEIEIEIEIEIEIEIEIEIIEIE I
c THIS PORTION OF THE SUBROUTINE CALCULATES THE MAXIMUM OF THE
c APPROXIMATE SCALE VALUES IN THE X, Y, AND Z DIRECTION

FEIEIIINNIEIEH I W IIEHHIIIEI I NI I HIEIIHHHIH NI NI HIIIIIENII NI
IF(SCALX .GE. SCALY) THEN
SCAL1=SCALX
ENDIF

IF(SCALY .GE. SCALX) THEN
SCAL1=SCALY
ENDIF

IF(SCAL1 .LE. SCALZ) THEN
SCAL1=SCALZ

ENDIF
FEIIIINNIIIHNIINFHIIIIIINNIINNIIIIINIIII NN HIII NI NI IINFHHIINHIINNNNINN
c THIS PORTION OF THE SUBROUTINE READS IN THE TOOL DIAMETERS FROM A
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c INTERNAL FILE
FEEIIIHINHH I NI HHINIIIENINIIIIINIIIIIIHI NI NI NI INNIINH I I
READ(13,62) DIAM1
IF(KFLAG .GT. 0) THEN
READ(13,62) DIAM2
ENDIF

IF(KFLAG .GT. 1) THEN
READ(13,62) DIAM3
ENDIF

IF(KFLAG .GT. 2) THEN
READ(13,62) DIAM%
ENDIF

IF(KFLAG .GT. 3) THEN
READ(13,62) DIAMS
ENDIF

IF(KFLAG .GT. 4) THEN
READ(13,62) DIAMé
ENDIF

IF(KFLAG .GT. 5) THEN
READ(13,62) DIAM7
ENDIF

IF(KFLAG .GT. 6) THEN
READ(13,62) DIAMS
ENDIF '

62 FORMAT(5X,F6.4)
FEIEIEIIIENIEI I I NI IEI NI I NI IIINIEHIIIIIINIIIIEN NN NI HIININNININNNN

IF(SCAL1 .EQ. 1.0) THEN
IWRITE (6 5 ) ! 2636363636636 36 363636 36 366 36 36 36 36 36 3 H H I I I I I I 2 H H HH I 636 1
WRITE(6,%)'THE PART IS WITHIN THE RANGE OF DYNA °*
WRITE(6,%)}'SO IT DOES NOT HAVE TO BE SCALED DOWN'
WRITE (6 5% ) ' 36363 HIHHIIHHHHHHHHHHHIHHIIHIIIIHIHHHHH I I I
DO 410 I=1,L
READ(25,112) XC(I),YC(I),ZC(I)
WRITE(28,112)XC(I),YC(I),2ZC(I)

410 CONTINUE

112 FORMAT(10X,F7.4,4X,F7.4,4X,F7.4)

GO TO 270

ENDIF

GO TO 280
FIIIIINII I IIIIIE I NI IINIIINIIIIIIN I H NI
c THIS PORTION OF THE SUBROUTINE WRITES OUT THE TOOL DIAMETERS IF
c THE PART IS NOT TO BE SCALED DOWN

FEIIIIIIIIIINIIIIIIIIIIHIIIHHHIHIIIIIIIIHHIHHHEHEONEEHHEHNNNNNNNNHOHOOE
270 WRITE(19,63)'TD=', DIAM1

IF(KFLAG .GT.0) THEN
WRITE(19,64)'TOOL 2°'
WRITE(19,65) 'SPINDLE OFF'
WRITE(19,63)'TD="', DIAM2
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103)'DHELL 04'
ENDIF

IF(KFLAG .GT.1) THEN
WRITE(19,64)'TOOL 3'
WRITE(19,65) 'SPINDLE OFF'
WRITE(19,63)'TD="', DIAM3
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103)'DWELL 04'
ENDIF
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IF(KFLAG .GT.2) THEN
WRITE(19,64)'TOOL &'
WRITE(19,65)'SPINDLE OFF"
WRITE(19,63)'TD=', DIAM4
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103)'DHELL 04°
ENDIF

IF(KFLAG .GT.3) THEN
WRITE(19,64)'TOOL 5°'
WRITE(19,65) 'SPINDLE OFF'
WRITE(19,63)'TD=', DIAMS
WRITE(19,66)'SPINDLE ON'
WRITE(19,103) 'DHELL 04'
ENDIF

IF(KFLAG .GT.4) THEN
WRITE(19,64)'TOOL 6'
WRITE(19,65)'SPINDLE OFF'
WRITE(19,63)'TD="', DIAM6
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103)'DHELL 04'
ENDIF

IF(KFLAG .GT.5) THEN
WRITE(19,64)'TOOL 7'
WRITE(19,65)'SPINDLE OFF'
WRITE(19,63)'TD="', DIAM?7
WRITE(19,66)'SPINDLE ON'
WRITE(19,103)'DHELL 04'
ENDIF

IF(KFLAG .GT.6) THEN
WRITE(19,64)'TOOL 8"
WRITE(19,65) 'SPINDLE OFF'
WRITE(19,63)'TD=', DIAM8
WRITE(19,66) 'SPINDLE ON'
WRITE(19,103) 'DHELL 04'
ENDIF

63 FORMAT(A4,1X,F6.4)
64 FORMAT(A6)
65 FORMAT(All)
66 FORMAT(Al10)
103 FORMAT(A8)

FSCAL=1.0

GO TO 310
FEIIEIINIIIININIIININIIINIIN NI I I I NI NI
c THIS PORTION OF THE SUBROUTINE CALCULATES THE SCALE VALUE AND
c CORRESPONDINGLY SCALES THE TOOL DIAMETER

FEHHIIEIHHHHIIEEH I H I I IINIIEIIIIF I I I H I N HIINIIFNIIIIHHHHIINN
280 WRITE (6 5% ) ' 563363363336 H I3 I IHHHHH I IH I HIHIIIHIHHIIE *
WRITE(6,%)'THE PART SHOULD BE SCALED DOWN'
WRITE(6,67)SCALL
67 FORMAT(1X,F6.4)
WRITE(6,%)'TIMES, SO THAT IT CAN BE MACHINED ON DYNA'
WRITE ( 6 5% ) ' 3636363696366 33363636 33 I I HHIHHHIHHIHHIHFHHIINHIINN |
FEIEFEIIEIIIEIIFHIIIIIEIIEII I H I NI IIIIIIHHHIIIIHIIH NI IIIIIIIIIIIIIN
DO 290 I=1,5

KFLAG2=1
CALL CUTTER(DIAM1,SCAL1l,KFLAGZ,SDIAM)
SCAL1=DIAM1/SDIAM

IF(KFLAG .GT. 0) THEN
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KFLAG2=2
CALL CUTTER(DIAM2,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 1) THEN

KFLAG2=3

CALL CUTTER(DIAM3,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 2) THEN

KFLAG2=4%

CALL CUTTER(DIAM4,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 3) THEN

KFLAG2=5

CALL CUTTER(DIAMS5,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 4) THEN

KFLAG2=6

CALL CUTTER(DIAM6,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 5) THEN

KFLAG2=7

CALL CUTTER(DIAM7,SCAL1,KFLAG2,SDIAM)
ENDIF

IF(KFLAG .GT. 6) THEN
KFLAG2=8
CALL CUTTER(DIAM8,SCAL1,KFLAG2,SDIAM)
ENDIF
FEIIIIIIIHIIIIIIIIIIIIIIIHHHHIHHIIIIIIIHNHHHHHEEEEEEHEEENHNNNONNNHNNE
WRITE(6,%)'THE SCALE IS °*
WRITE(6,68)SCALL
68 FORMAT(1X,F6.4)
WRITE(6,%)'DO YOU WISH TO USE THE SAME SCALE? (Y/N)'
READ(5,69) ANS
69 FORMAT(Al)

IF(ANS .EQ. 'Y') THEN
GO TO 300
ENDIF

IF(ANS .EQ. 'N') THEN
WRITE(6,%)'PLEASE ENTER THE SCALE YOU WISH TO USE'
READ(5,70) SCAL1
70 FORMAT(F6.4)
ENDIF

290 CONTINUE
FEEIEIIIIHINIF I I I IR I IIIOEIIIIIIIIIINIINE
c THIS PORTION OF THE SUBROUTINE WRITES THE TOOL DIAMETERS TO AN
c INTERNAL FILE
FIIIIIN RN IIIOIIIIHHHHHNHHHHHEHHHHEEHEHHEEHHHHHNNRNRRHRORRRROREEEE
300 FSCAL=SCAL1
DO 420 I=1,L
READ(25,113) XC(I),YC(I),ZC(I)
XNC(I)=XC(I)/FSCAL
YNC(I)=YC(I)/FSCAL
ZNC(I)=2C(I)/FSCAL
WRITE(28,113)XNC(I),YNC(I),ZNC(I)
420 CONTINUE
113 FORMAT(10X,F7.4,4X,F7.4,4X,F7.4)
FDIAM=DIAM1/SCAL1l
WRITE(19,71)'TD="',FDIAM
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IF(KFLAG .GT. 0) THEN
FDIAM=DIAM2/SCAL1
WRITE(19,72)'TOOL 2°'
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(19,104) ‘DWELL 04°'
ENDIF

IF(KFLAG .GT. 1) THEN
FDIAM=DIAM3/SCAL1l
WRITE(19,72)'TOOL 3°
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD=',FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(19,104)'DKELL 04°'
ENDIF

IF(KFLAG .GT. 2) THEN
FDIAM=DIAM4/SCAL1
WRITE(19,72)'TOOL &'
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD=',FDIAM
WRITE(19,7%)'SPINDLE ON'
WRITE(19,104)'DWELL 04'
ENDIF

IF(KFLAG .GT. 3) THEN
FDIAM=DIAMS5/SCAL1
WRITE(19,72)'TOOL 5°'
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD=",FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(19,104) 'DWELL 04°'
ENDIF

IF(KFLAG .GT. 4) THEN
FDIAM=DIAM6/SCAL1
WRITE(19,72)'TOOL 6'
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(19,104)'DNELL 06'
ENDIF

IF(KFLAG .GT. 5) THEN
FDIAM=DIAM7/SCAL1l
WRITE(19,72)'TOOL 7*
WRITE(19,73)'SPINDLE OFF"
WRITE(19,71)'TD=",FDIAM
WRITE(19,74) 'SPINDLE ON'
WRITE(19,104)'DWELL 04
ENDIF

IF(KFLAG .GT. 6) THEN
FDIAM=DIAM8/SCAL1
WRITE(19,72)'TOOL 8*
WRITE(19,73)'SPINDLE OFF'
WRITE(19,71)'TD="',FDIAM
WRITE(19,74)'SPINDLE ON'
WRITE(19,104)'DHELL 04’
ENDIF

71 FORMAT(A4,1X,F6.4)

72 FORMAT(A6)
73 FORMAT(All)
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76 FORMAT(A10)
104 FORMAT(A8)
FEIIIIEIII I NI NN NI IINIIIIIEII NI NN INNIHIIIINH
c THIS PORTION OF THE SUBROUTINE CALCULATES THE NEW X, Y, AND Z
c COORDINATE DATA
FEHIHIIIHIEIH I FH I IEINIINI NI IIH NN NI NI I
310 DO 320 I=1,N

X(I)=X(I)/FSCAL
Y(I)=Y(I)/FSCAL
Z(I)=Z(I)/FSCAL

320 CONTINUE
FEFIIIIFNHHHHHIIIIIIIIOHIIIIHIIHEOEEEONNIINOHOHOOEEENONNNNNEE

c THIS PORTION OF THE SUBROUTINE CALCULATES THE MAXIMUM VALUES OF THE
c NEW X, Y, AND Z COORDINATES AND INFORMS THE USER OF THE
C POSITION OF THE SETUP POINT
FEIEIEIEIEIEIE I I I6 I6 6 I6 I IEIEIIIEIEIEIIEIEIEIEIEIEIEIEIEIE I IEIEIIEIE I IIEIEIEIEIEIE I IIIEIIEIIEIIIEIIEIIITEIIIIIN I
XMAX=X(1)
YMAX=Y(1)
ZMAX=Z(1)

DO 330 I=2,N

IF(X(I) .GT. XMAX) THEN
XMAX=X(I)
ENDIF

IF(Y(I) .GT. YMAX) THEN
YMAX=Y(I)
ENDIF

IF(Z(I) .GT. ZMAX) THEN
ZMAX=Z(I)
ENDIF

330 CONTINUE
WRITE (6 53 ) * 3366666369633 3 I I I IHIIHIHH I IIIIIIN '
WRITE(6,%)'THE MAXIMUM TRAVEL IN X DIRECTION IS'
WRITE(6,105) 'XMAX=',XMAX,'INCHES'
WRITE (653 ) " 3363636363636 33363636 3 3 HHHHHH I HIEIIHHHHHHIIHIHIHIHH N '
WRITE(6,%)'THE MAXIMUM TRAVEL IN THE Y DIRECTION IS'
WRITE(6,105) 'YMAX="',YMAX,'INCHES"
WRITE ( 6 53 ) ' %3N HHHIIINHIIIIHWHIHIINIIIHIIIIIN |
WRITE(6,%)'THE MAXIMUM TRAVEL IN THE Z DIRECTION IS'
WRITE(6,105) 'ZMAX="',ZMAX,'INCHES'
WRITE ( 653 ) " 3636636963696 966 336 3 3 3 H I HH I I I IHIIIINIINIEN NI |
105 FORMAT(1X,A5,1X,F8.4,1X,A6)
XMIN=X(1)
YMIN=Y(1)
ZMIN=2Z(1)

DO 340 I=2,N

IF(X(I) .LT. XMIN) THEN
XMIN=X(I)

ENDIF

IF(Y(I) .LT. YMIN) THEN
YMIN=Y(I)

ENDIF

IF(Z(I) .LT. ZMIN) THEN
ZMIN=Z(I)

ENDIF

340 CONTINUE
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WRITE(6,%)'THE MINIMUM X, Y, AND Z COORDINATES ARE'

WRITE(6,106) 'XMIN=',XMIN,'INCHES'

WRITE(6,106) 'YMIN=',YMIN, 'INCHES'

WRITE(6,106) 'ZMIN=',ZMIN,'INCHES'

106 FORMAT(1X,A5,1X,F8.4,1X,A6)

RETURN

END
FEIIIIIFHIIIIIINIIIIIN I IIENHIEIIIIEIIINNNH IR

SUBROUTINE CUTTER(TDIAM,SCAL1,KFLAG2,SDIAM)
FOEIE NI INIH NN INHHIEIIFHHIINI NI HIIIIIIHIIIIIIIIIINIIIINNIN
C THIS SUBROUTINE TAKES THE VARIOUS DIFFERENT CUTTERS, SCALES THEM
c DOWN AND CHECKS WHETHER THE SCALED CUTTERS ARE AVAILABLE ON DYNA
FEFIIENINIIIINHI NI H I I I3 I I H K HHHI I NI TN I ITININIIFIIHIIEIH I HH I

REAL TDIAM, SCALl, SDIAM

INTEGER KFLAG2

CHARACTER*1 ANS

REAL TD1,TD2,TD3,TD4,TD5,TD6,TD7,TD8

TD1=0.03125
TD2=0.0625
TD3=0.09375
TD4=0.1875
TD5=0.25
TD6=0.3125
TD7=0.375
TD8=0.5

HWRITE ( 6 5% ) * 336363663 IEIEIEIEIIEIEIEIEIEIEIEIEIIIINIEIIIEIIIIIINEINNE !

IF(KFLAG2 .EQ. 1) THEN
WRITE(6,%)'THE FIRST CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAGZ .EQ. 2) THEN
WRITE(6,%)'THE SECOND CUTTER IS SCALED DOWN TO A SIZE®
ENDIF

IF(KFLAGZ .EQ. 3) THEN
WRITE(6,%)'THE THIRD CUTTER IS SCALED DOWN TO A SIZE®
ENDIF

IF(KFLAGZ .EQ. 4) THEN
WRITE(6,%)'THE FOURTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAG2 .EQ. 5) THEN
WRITE(6,%)'THE FIFTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAG2 .EQ. 6) THEN
WRITE(6,%)'THE SIXTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAG2 .EQ. 7) THEN
WRITE(6,%)'THE SEVENTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

IF(KFLAGZ .EQ. 8) THEN
WRITE(6,%)'THE EIGHTH CUTTER IS SCALED DOWN TO A SIZE'
ENDIF

SDIAM=TDIAM/SCAL1

WRITE(6,75) SDIAM
75 FORMAT(1X,Fé6.4)
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IF(SDIAM .EQ. TD1) THEN
WRITE(6,%)'WHICH IS AVAILABLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD2) THEN
WRITE(6,%)'WHICH IS AVAILABLE ON DYNA®
GO TO 350

ENDIF

IF(SDIAM .EQ. TD3) THEN
WRITE(6,%)'WHICH IS AVAILABLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD4) THEN

WRITE(6,%) 'WHICH IS AVAILABLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD5) THEN
WRITE(6,%)'WHICH IS AVAILABLE ON DYNA®
60 TO 350

ENDIF

IF(SDIAM .EQ.TD6) THEN

WRITE(6,%) 'WHICH IS AVAILBLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD7) THEN

WRITE(6,%) 'WHICH IS AVAILBLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .EQ. TD8) THEN
WRITE(6,%)'WHICH IS AVAILABLE ON DYNA'
GO TO 350

ENDIF

IF(SDIAM .LT. TD1) THEN

WRITE(6,%) 'WHICH IS CLOSE TO'

WRITE(6,76) TD1

WRITE(6,%)"'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD1
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)"'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE®

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD1l .AND. SDIAM .LT. TD2) THEN
WRITE(6,%) 'WHICH IS CLOSE TO'
WRITE(6,76) TD1
76 FORMAT(1X,F6.4)
WRITE(6,%)'AVAILABLE ON DYNA'
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WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD1
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
HWRITE(6,%) 'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD2 .AND. SDIAM .LT. TD3) THEN
WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TD2

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)*®
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD2
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'®
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL®
WRITE(6,%) 'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%) 'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD3 .AND. SDIAM .LT. TD4) THEN
WRITE(6,%) 'WHICH IS CLOSE TO'

WRITE(6,76) TD3

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD3
ENDIF

IF(ANS .EQ. °'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD4 .AND. SDIAM .LT. TD5) THEN
WRITE(6,%) 'WHICH IS CLOSE TO'

WRITE(6,76) TD4

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
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READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD4%
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL®
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD5 .AND. SDIAM .LT. TDé6) THEN
WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TD5

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD5
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%) 'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL®
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD6 .AND. SDIAM .LT. TD7) THEN
WRITE(6,%) 'WHICH IS CLOSE TO'

WRITE(6,76) TDé6

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TDé
ENDIF

IF(ANS .EQ. °'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%)'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE®

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD7 .AND. SDIAM .LT. TD8) THEN
WRITE(6,%) 'WHICH IS CLOSE TO'

WRITE(6,76) TD7

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS
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IF(ANS .EQ. 'Y') THEN
SDIAM=TD7
ENDIF

IF(ANS .EQ. 'N') THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%) 'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'®
WRITE(6,%)'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%)'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

IF(SDIAM .GT. TD8) THEN

WRITE(6,%)'WHICH IS CLOSE TO'

WRITE(6,76) TD8

WRITE(6,%)'AVAILABLE ON DYNA'

WRITE(6,%)'DO YOU WISH TO USE THIS CUTTER? (Y/N)'
READ(5,77) ANS

IF(ANS .EQ. 'Y') THEN
SDIAM=TD8
ENDIF

IF(ANS .EQ. 'N’) THEN

WRITE(6,%)'THE DATA WILL BE GENERATED ACCORDING TO'
WRITE(6,%)'THE ORIGINAL SCALED CUTTER, BUT SINCE THIS'
WRITE(6,%) 'CUTTER IS NOT AVAILABLE ON DYNA, YOU WILL'
WRITE(6,%) 'HAVE TO MACHINE THE PART WITH A CUTTER'
WRITE(6,%) 'CLOSE TO THIS SIZE'

ENDIF

GO TO 350
ENDIF

77 FORMAT(AL)
350 WRITE (6 5% ) ' 3363666066 INFIIIIMHININHWIIWIHII I |
RETURN
END
FEIEIEIEIEIEHIHIEHIEIEHIEH NI H NI HIHIIHIIIIIIIIIINHIIINIINIIIIIIIIIINNIIIIII NN
SUBROUTINE FINIS(IMP)
FEIIIIIENNIIIINIIIIIEHHHHIIIHHHIE I I NN HIIIINIIEINIIIIIIINIIIIIIIOIIIIIINIEIHI
c THIS SUBROUTINE TAKES THE FINI STATEMENT FROM THE INPUT FILE AND
c CONVERTS IT TO THE END STATEMENT FOR THE DYNA MILLING MACHINE
FIFIIEIIHFIHIIHH I FHIIIHRHHINIHIIIIITII I IFFIIN I I IIINIIIIIION
CHARACTER*80 IMP
INTEGER OUT
ouT=12
WRITE(20,78)'END"
78 FORMAT(A3)
RETURN
END
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