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" PREFACE

In the last decade the concept of Numerical Control has spread
very rapidly to the lathe. Numerical Control was developed primarily
as a means of manufacturing and checking the complicated shapes
-required for space age aircraft and missiles. Typical lathe work did
not require this sophistication and thus, af the time, was not considered
applicable for Numerical Control.

However, with the development of simpler controls, the cost factor
dropped and manufacturers began to realize the usefulness of numerically
controlled lathes. This, naturally, has led to a boom in programming
languages applicable for Numerical Control lathe work.

With all these languages available it is interesting to note their
differences and their similarities. It is the purpose of this thesis to
expose these differences in an attempt to guide potential users in the

choice of a suitable programming language for numerically controlled

lathes.
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1.0

NUMERICAL CONTROL PROGRAMMING LANGUAGES

FOR LATHES

INTRODUCTION

Numerical Control languages are the means by which man can
communicate with a computer in order to ease the burden of providing
the tape used to control the actions of a particular machine tool. These
tapes can, of course, be produced without the use of a computer. This,
however, can be a long ;nd tedious process and is subject to errors,

Lathe numerical control languages can be c|a§sified according to
many different criteria. They could, for example, be classified
according to input, that is fixed fc;rmcn‘ or free format. Another
classification could be according to the computer system they are
available on e.g. time-sharing, in-house, etc. The classification
used in this thesis will be one suggested by Professor J. Peferss. The
languages are split into three groups according to their automation
level. The automation level of a language is defined as the number
of operations that language integrates in the program. The operations
referred to are such things as determination of tools, choice of
cutting conditions etc.

This type of classification also shows the basic development of

programming languages for lathes. It shows the trend from a language



whereby the programmer enters in a description of the part, plus the
required ool motions, to a language whereby the programmer describes
the tool material , the stock description and the finished part description
leaving the processor to determine tool motions etc.

Lathe programming languages have come a long way in the past
few years. It is now possible, thanks to machining research and group
technology to have the computer determine the various cutting parameters,
the optimum sequence of cuts, and the choice of machine. By relieving
the part programmer of such decisions it is possible to more fully utilize.
the lathe and also provide for standardization of methods, and thus
optimization, from lathe to lathe.

The application of numerical control to turning machines began
much later than the development of numerical control drilling and
milling machines. The advantages associated with numerical control
lathes have now been appreciated and according to a paper by
A.E. DeBorrzo in 1971 the number of lathes is rapidly approaching the
number of drilling machines in both U.S.A. and U .K. Another
interesting statistic was given in the results of a long range
technological forecasting study carried out by Birniehill Institute
in.1971. It was claimed that in 1987 50% of all machine tools will
be numerically controlled. This is a far cry from the less than 1%

now in existance.



Numerically controlled lathes require only a two axis control
system per one tool carrier. There may, of course, be two, or even
more, tool carrier motions commanded simultaneously. For simple
parallel turning only a straight line contour system is required, but
most lathes are fitted with continuous path control with interpolation
on two axes. This allows for the turning of any shape with an axis
of symmetry.

Any number of successive cuts can be taken following any path,
with any available feed rate or at a varying rate of feed. Straight
lines on each axis, tapers, clockwise or anti~clockwise arcs or
circles can also be shaped.

Numerically controlled lathes utilize preset tooling in order to
simpl'ify set up and part programming. In most cases throw=away tips
are used, intending that the tool holders are not changed. Most
lathes are equipped with individual ool off-set dials. These allow

for compensation for tool wear, and for exact setting of the tools.



2.0

MANUAL PROGRAMMIN G3 74727

Manual or Hand Programming is the forerunner of all the numerical
control kinguages in existance., It is used either as the main method of
programming a machine or, in coniuncﬂon with computer assisted
programming, as a means of altering and/or correcting a tape without
requiring a new computer run. Thus hand programming is really a must
for all programmers.,

Hand programming requires the programmer to use the control language
fo encode the commands. In order to assist the programmer standard coding’
forms are used, a typical example of which is shown in Figure 1.

As can be seen from the headings on this form the programmer has to
include all the appropriate command codes as well as a co~ordinate
description of the required tool path.

The tool path is that which describes the cutting tool tip and this can
be done using either the tangent point or the tool tip cenire. Figure 2
shows an example of programming using both tangent point and tool fip
cenire, It is advisable in practice to use one system only. The tool tip
centre approach is probably a little easier to work with because the tangent
point v;:ries when contouring motions are required.

The program uses the co-ordinates of each turning point to determine
the direction that the tool will move. A tuming point is the intersection

of two straight lines, a straight line and a circle, or two circles, i.e.
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it is the point at which the path direction changes. All these co-ordinates
have to be determined by the programmer using information from the
blueprint and some shop mathematics,

The main problem that occurs for the hand programmer is the
determination of the furning point co-ordinates. Figure 3a shows how
to locate the turning point if a 90° corner is required. This is a
relatively simple case of adding and/or subtracting the tool tip radius
to/from the appropriate X or Z axis value.

Figure 3b shows how to locate the turning point when say, a chamfer
is required. The'i'hird case, Figure 3c, is more involved and shows the
location of the turming point when fwo sloped lines intersect.

Figures 3a,b,c showed how to determine the co-ordinatés of the
tuming point for straight line intersections. Figures 4a,b show the
similar situation dealing with circular intersections. [t is worthwhile
noting here that when programming a circular arc two extra values
are required. These are the 'i' and 'k’ values which locate the centre
of the arc, 'i' representing the distance from the arc start to the arc
centre in the 'X' direction and 'k' the same distance in the 'Z'
direction, This is shown in Figure 4c. For any condition a formula
can be developed to aid the programmer, or, for that matter, a table
can be drawn up covering most situations, thereby eliminating or

certainly reducing the computation required,
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The programmer must have extensive knowledge of the manufacturing
process being utilized. Also familiarity with the capabilities and
functioning of the machine fool, together with the knowledge of tools
available is essential. The programmer is also required to be conversant
with metal cutting principles and practice, and with the methods
planning function.

This reliance on the programmer for methods plonni.ng and cutting
values is not conducive with optimization of the machining process.

It is because of this and the fact that hand programming can be
tedious and error prone that computer assisted programming has taken

over in most cases.

10



3.0

ROLE OF THE COMPUTER IN NUMERICAL CONTROL

Some of the advantages claimed of Numerical Control equipment
are greatly reduced lead times, rapid set~up times and superior accuracy
and repeatability. The prerequisite for obtaining these benefits is a
carefully prepared part program, but too much time spent in preparing the
program can offset a number of these advantages however. Thus faster and
more accurate ways ar; required for preparing part programs. The computer
is naturally the answer. ’

The primary confribufions of the computer are speed and accuracy in
si'oring.dafa, in making logical decisions, and in handling repetitive
operations. The user has, of course, to be able to interact with the
computer. To do this a program is written which defines in complete
detail exactly what the computer is to do with the input.

Two major elements make up a modern numerical control computer
system: fhé general processor and the post processor. The general
processor is normally written in FORTRAN 1V to allow for easy
interchangeability with most computers. It performs a number of functions,
in series, to produce information in a form acceptable to the post
processor,

The general processor normally consists of four secﬁons4.5 These are

sections for control, input, arithmetic, and editing. The control section

serves as the main source of control for the flow of information among the

11
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other sections, plus it assigns the allowable space in the computer
storage section.

The input translation provides the interface between the part
programmer and the computer. It translates the part program statements
into forms more readily handled by the computer. It normally contains
diagnostic elements with which it discovers errors in the part program
manuscript. If errors are found the processing will usually be stopped
after this translation phase.

The arithmetic section transforms the computer coded part program
into a series of coordinate points. Then using the motion statements, the
shape of the cutting tool, the tolerances specified etc. it will compute
‘the tool locations required to produce the component.

The last section of the general processor is the editing facility which
performs auxiliary functions such as transformation of cutter locations from
say the part coordinate system to the machine tool coordinate system.

It also provides for the printing of the cutter location data which is fed
to the post processor.

Thus the general processor converts the part program into a series of
coordinate points that will give the required shape. This, however,
is not acceptable for a machine tool control system and therefore must
be translated into a suitable format. This translation produces blocks
of incremental machine tool motion and the conversion unit is known as

the post processor,
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In general terms the post processor simulates the motions of the machine
tool. It takes the output from the general processor and simulates the
movement of the specified cutting tool about the part’s geometrically

\
defined surfaces. It calculates acceleration and deceleration rates on the
basis of feed rate, length of line efc. The final output from the post
processor includes all the relative machine command codes, feed rates, coordinate
positions etfc,

The problem with post processors is that in most cases a different
post processor is required for each machine tool, Attempts have been
made to standardize post processors but as yet very little has materialized.

Mosf numerical control languages today are written in FORTRAN IV
rather than assembly languages. This is because FORTRAN IV is a
common language and with minor alterations can be made to run on most
computers, Also it does not demand a great deal of expertise on the part
of the software specialist,

There are many systems available for utilizing computers for
numerical control programming. The in~house computer is probably the
ideal situation but this can present problems with furn around time. A
number of companies now offer time sharing facilities for numerical
conirol programming wh>ich provide quick service and almost instant
access. With most time sharing systems the part program is processed

one line at a time and responds with a diagnostic statement if there is
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an error in input. This allows the programmer to correct immediately
and continue with the input.
A third system that is used is one whereby the part programs are
mailed to a processing company. This has a tum over time of around
four days but eliminates the need for a terminal and is a reasonable
low cost approach for a small company producing a low number of tapes.
The possibilities opened up by the closer association of computers and
numerical control machine tools are enormous and there can be no doubt
that the future of numerical control is bound up with the increasiﬁg use of
computers in indusiry. For example the use of small general purpose
computers to replace the control consules on individual machine tools.,
This is sometimes referred to as CNC (computer numerical control),
DNC (Direct numerical control) is a rapidly advancing technique of
using a computer to store programs for and control several machine tools,
The computer is obviously a great asset to the numerical control
machine tool but one should never forget that it can only do as instructed.
It is because of this that the development of part programming languages
is towards a simpiified input format, with emphasis on remdving as many

tasks as possible from the part programmer.



4.0
4.1

4,2

GROUP | PROGRAMMING LANGUAGES

DEFINITION

The computer program provides the cutter location data using as
input dafa geomeiric curve definitions of the desired tool path .8

INTRODUCTION

Group | programs normally accept the definition of the curves to be
machined and the paths the tool is to follow in an English-like word

description. The input format is not rigidly fixed and geometric and

-path definitions, although generally distinct, can be interspersed.

lThe English-like nature of the language makes it rather easy to learn
and convenient to apply. The more advanced, flexible and English-
like is fhe input description, the more complicated is the computer
program which converts the description into detailed commands that
direct the machine tool. Thus group | programming languages

normally require a large computer fo carry out the necessary processing.

15
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4.3.1

16

(16:29,44,45

INTRODUCTION

APT (Automatically Programmed Tools) was the first computer assisted
Numerical Control programming language to become available to Numerical
Control users, The first version, known as APT |, was produced at M.1.T.
in 1955, Then, in liaison with the Aerospace Industries Association of
America, a second version was developed in 1957 and became known as
APT Il.

Rapid developments and refinements followed and the present day
version, known as AFT Ill, was released in 1961, At this time the
Aerospace Indusiries Association established the APT Long Range
Program.fo continue the development and maintenance of APT by.
the Illinois Institute of Technology Research Institute and an APT IV
;rersion is being developed. This will include some new modules such
as a conversational module and a technological module.

APT is basically a free format input language, with APT words
assembled in arrangements that suggest English sentence structure,
with its subject and predicate., For example each statement consists
of a major word (subject), followed by a series of minor words
(predicate).

The APT language is universal in that it is applicable to all types

of machining operations from simple point~to-point drilling to multi-
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axis contour milling. As with most languages a post processor is required
for each different type of machine tool.

The APT language contains about 300 words and it is interesting to
note that the APT 11l program respresenr;s over one hundred man=years of

development and testing.

PART PROGRAMMING

The basic make up of any part program written in the APT language
is two Fold‘. First the geometry of the part is described by defining
all the necessary points, lines, surfaces, etc., then the required cutter
path motion is described by means of statements containing motion words
such as GO TO, GO BACK etc.

The description of the geometry and the tool path make up the main
body of the input program. Naturally the program will require identification
of the part, machine, post processor, as well as details of speed, feed and
cutter diameter.

Geometry statements normally take the form of:

Symbol = Surface type/description data. The symbol represents
the appropriate ;ode assigned to the element of geometry, the surface
type identifies the type of geomeiry, and the description data is a set
of words, numbers or other previously defined symbols which complefély
and uniquely describe ‘fhe desired surface. For example: =

L1 = LINE/PT1, PT2 would define L1 as being a line passing through
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two previously defined points, PTl and PT2. Numerous different ways

are permissible for defining the various geometric elements. For instance
there are thirteen ways to describe a line, twelve to describe a point
and eleven to describe a circle. A complete list of all definitions

is given in the APT part programming dictionary available from all
computer companies who offer APT facilities. This variety of description
is very useful for the poari' programmer and also allows the dimensioning
of a blueprint to be flexible.

In order to write motion statements two concepts must be understood
by the part programmer. The first is that the tool moves along a pair of
intersecting surfaces and the second is that the tool does all the moving
i.e. the part remains stationary. In tumning both of these concepts present
little problem because one of the required intersecting surfaces is always
a plane passing through the centre of the workpiece parallel to the lathe
bed and also the tool always moves. The two primary surfaces that control
tool motion are called the drive surface and the part surface. Each tool
motion continues until its motion is checked by a check surface. In most
cases the check surface becomes the drive surface for the next motion.

The distinction between the drive surface and the part surface is that
the drive surface changes with each tool motion whereas the part surface
remains the same for a series of tool mofionsl.éFigure 5 shows the concept.

In turning the only surface that remains constant throughout a series of motions
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DRIVE CHECK PART
MOTION  SURFACE  SURFACE  SURFACE
1 A B D
2 B C D
3 C D

Figure 5  Relationship of Part, Drive and Check Surfaces in APT



is the one mentioned previously, that is a plvane passing through the
centre of the workpiece parallel to the lathe bed. This plane remains
constant for all turning components .cmd ; although it must be stated in
each program, it in effect makes the APT system two dimensional.

Tool motions adhere to a relatively strict convention geared to the

—previous direction of motion. This is the reason why the part programmer
must always consider the tool to be moving and, in fact, drive the tool
around the workpiece perimeter. Figureé shows a typical APT program.

APT contains provisions for repetitive programming. [t provides three
techniques to eliminate the tedious monotony of repeating the same
commands over and over again. These techniques are looping, macroes,
and copy; The looping and copy features appear to have very limited
use in turning, whereas the macro feature can be exiremely useful.

A macro is a single statement which refers to a group of part
programming statements. It is analogous to a subroutine in a computer
language. The macro is written in general terms, i.e. no dimensions,
and describes either the geometry of the component or the required
tool motions, h‘.is then stored and called info service when required

by use of the major word CALL and the identifying symbol of the macro,

20
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DIR | DI
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REMARK DEFINE GEOMETRY
SETPT = POINT/0,0,0
P1 = POINT/-1.5, 3.625, 0
P2 = POINT/-2.0, 3.625, 0
P3 = POINT/-2.0, 3.5625, 0
P4 = POINT/-2.75, 3.5, 0
DI = LINE/P1, P2
D2 = LINE/P3, PARLEL, D1
D3 = LINE/P4, PARLEL, DI
L1 = LINE/P1, PERPTO, DI
L2 = LINE/P2, P3
L3 = LINE/P4, PERPTO, DI
S1 = PLANE/P1, P2, P3

REMARK DEFINE REQUIRED MOTION
CUTTER/0.04
FROM/SETPT
Go/10,D2,70,51,TO,L1
GOLF1/D2,TO,L3
GOLFT/L3,PAST,D3
GOLFT/D3,PAST, L1
GOLFT/L1,T0O,Dl
GOLFT1/D1,TO, L2
GOLFT/L2,PAST,D2
GOTO/SETPT

FINI

Figure 6 A Typical APT Program
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4.3.3 COMMENTS

APT is probably the most powerful and widely used language in
Numerical Control to date. It is available for use with a wide variety
of computer systems and an exiremely large number of post processors
are already in existance. It also provides the base for the majority of
other numerical control languages.

One of the problems associated with APT is the fact that it requires a
very large computer, one with 256K storage. It is however offered on
a number of time sharing systems, lis input is relatively simple but
rather lengthy and requires a reasonable working knowledge of trigonometry.,

It is not a language that is widely used for programming lathes because
of its lengthy input and vast complexity. Using APT for programming
lathes has been said to be rather like duck hunting with a cannon.

An example of this complexity can be shown by cons:idering the geometry
definitions. A large number of lathe components can be described using
diameters and lengths. In APT these dimensions would have to be
converted to distances from a set point, then various points defined and
finally the requi::ed lines passing through these points defvined. It is far simpler
to be clz;le to take dimensions off a blueprint and program these as input
geometry,

APT, of course, has complete flexibility with regard to machine

tools, It can be used to program the simplest of jobs on a lathe or a
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complicated aerospace component on a five axis milling machine. This
is an advantage in that a company with a variety of numerically

controlled machine tools requires only one programming language.

ADAPT/REMAPT 29 #4243

In order fo reduce the size of computer required when using APT,
adaptations of APT were developed. ADAPT and REMAPT are two
such adaptations develgoped by IBM and GE respectively. These
languages maintain exactly the same part programming language
as that used with APT, but require a much smaller computer (32K) and
are limited to three axis continuous path programming. Some of the
flexibility of APT has been lost in that the number of geomefric
definitions Hcve been reduced. For example the version of ADAPT
available from Honeywell has only nine ways to define a line compared
to the thirteen available in APT,42

Part p;'ogrcmming is exactly the same as for ‘APT and APT post
processors can be used with minor modifications.

The ability to use the Macro, copy and looping functions is still
available with both languages. ADAPT is offered by IBM, Univac and
Honeywell for use with their computer systems, while REMAPT is only

available on the Mark [l General Electric time sharing service.



5.0

5.1

5.2

GROUP 11 LANGUAGES

DEFINITION

The Computer provides the cutter location data using as input
the geometric definitions of the raw and finished part, Generally the
éomputer decides about the subdivision of cuts and about the shape of

o 8
successive passes.

INTRODUCTION

During the 1960's numerical control equipment and computer
manufacturers realized the fremendous lack of programming languages
suitable for use with small computers. Also, it was noted that
programming in a language such as APT required a great deal of time
and a lengthy input. It was to meet these deficiencies that programming
languages such as Compact 1, Cinturn, and Chips were developed.

The APT programming language is a very confprehensive one, but
for a great number of conditions far too detailed. Using APT as the base
in most cases, programming languages were developed using a canned
cycle approach. Canned cycles are special computer routines designed
to generate whole series of operations from a single command. The use
of these obviously reduce the input required and also allow the computer
rather than the part programmer to decide on how the operations should
be carried out. The part programmer is still required to input relevant

cutting data such as cutting speed and feed but is no longer required to

24



describe the tool path,
The exiremely short and simplified input of group Il languages
opens up numerical conirol machinery for use in such areas as job

shop manufacturing i.e., low quantity, multi-component shops.
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COMPACT 1127146

INTRODUCTION

COMPACT 11 is a computer time=-sharing numerical control part
programming system, and was developed by Manufacturing Data
Systems, Incorporated, (MDSI), Ann Arbor, Michiganz.,9 It is a common
language applicable to all numerical control machine tools and
presently has 2, 3, and 4 axes p;)sitioning, 2, 3, and 4 axes linear
contouring and 2 1/2 axes circular contouring capabilities. A post-
processor is required, because it is a éommon language, for each type
of machine tool Osing the system but is supplied by MDSI free of charge.

COMPACT 11 has basically a free format input, with each statement
consisting of one major word and any number of minor words. If contains
a number of 'canned cycles' or macros, covering such areas as threading,
tumning, and taper turning.

COMPACT 11 is a 'single=pass' processor which causes each statement
to be completely processed, including generation of machine tool code,
before the computer proceeds to the next statement. It is also equipped
with an editing feature that allows the user to correct any programming
errors as they occur during the source program's single pass through the
computer. It will locate and define the error and suspend processing -

until the error is corrected.



Once an error free input is obtained, the program is processed by

COMPACT 11 and the post-processor and a punched tape obtained.

5.3.2 PART PROGRAMMING

The general input of the part program for COMPACT 11 can be
split into four sections, These are:
a) general information,
b) geometrical definitions,
¢) description of stock and part boundaries, and
d) machining statements.,
The format for the general information is fixed and consists of four
si‘ai‘ements‘f6 These are the:
MACHINE STATEMENT - identifies the machine tool link needed to
- execute the program,
IDENT STATEMENT - provides identification for boi'h‘ manuscript
and the tape.
SET-UP STATEMENT - specifies the initial position of the cutter at
the start of the cutting sequence, and
BASE STATEMENT - establishes the origin of the part relative to
the co-ordinatfe system of the machine tool of
the start of the program.
The data provided in the IDENT STATEMENT will actually be punched
into the leader of tape as visually readable characters. This tends to

eliminate the incorrect use of a tape.,
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The COMPACT 11 language permits the definition of several
geometric entities which may be defined in a variety of ways.
The geometric types allowable are:

DPT 'N' (define a point),
DIN 'N' (define a line), and
DCIR 'N' (define a circle).

DPT, DLN, and IODCIR are major commands and are used in
conjunction with the numerous methods available for defining a point,
line or circle. The ultimate use of these definitions is in machining
operations. Once a geometric entity has been defined it may be used
in defining others, or in a machining statement by programming the
minor command for the geometric form and its identifying number.

Some geometric definitions may require selectors in order to
eliminate any ambiguity. Such selectors are related to the axis
co-ordinates of the machine tool and define the next X or Z value
location in relation fo the previous value,

The stock and part boundaries are then defined. This is done very
simply by tracing around the required contour using the previously
defined geometric statements. The contour is always defined from
right to left i.e. towards the chuck, and each contour change must

be stated in the correct.sequence.
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The machining statements allow the programmer to describe the
tooling and the sequence of cuts required to produce the component.
When calling up the appropriate tool various parameters are usually
defined. These are the tool radius, the cutting speed and feed, the
maximum depth of cut, and the amount of stock to be left on for
finishing if required. |

In COMPACT Hcfhere are two avenues of approach open fo the
part programmer when defining the machining sequence. The sequence
of cuts can either be a series of statements describing every single pass
of the tool or use can be made of canned cycle routines.

The canned cycle routines available on COMPACT 11 are facing,
tuming~-external and internal, taper turning-external and internal,
and threading~again external and internal. There is also a fast fumn
cycle that has recently been added.

The difference between the fast turn cycle and the normal turn
cycle is that fast turn will cut a series of interconnected diameters,
whilst the turn cycle will only cut one diameter with each command.
Figure 7 shows the difference diagrammatically.

In order to simplify the input COMPACT 11 provides for repetitive
programming by use of a STORE command. Using this command it is
possible to store previously defined commands and recall them for use

as many times as required at a later stage in the program.

A typical COMPACT 11 part program is shown in Figure 8.
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Figure 7  Difference Between the Fast Turn Cycle and the Normal
Turn Cycle in COMPACT I
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~~MACHIN ,CINCITCA4
IDENT,TAPE 2-483 1ST OP.
SETUP, 4X,14.5Z ,UNIV,RANGE2,NOG,LNDLT
BASE,XB,ZB
DLNT1,14,475ZB
DLN2,14,375ZB
DLN3,3.544D
DLN4,PT(LN3,LN2/.25ZS) ,45CW
DLN5,LN2/2,562ZS
DLNG6,4.312D
DLN7,LN5/1.75ZS
DLNS8,4.69D
DLN9,LN7/5.75ZS
DLN10,5.25D
DCIR1,PT(LN5/.093ZL,LN3/.093XL), .093R
DCIR2,PT(LN7/.125ZL ,LNé6/.125XL), . 125R
DCIR3,PT(LN9/.125ZL,LN8/.125XL), . 125R
DMBI,LN2;LN10,NOMORE
DPBI, LN4 LN3; CIR] F180;LN5;LN6;CIR2 ,F180;LN7;LN8;CIR3,F180;LN9, NOMORE
ATCHG TOOL4,.031TLR 250FRM,°022|PR
MOVEC, OFFLN1/ZL,OFFLN10/XL
TURNLI,.035TK, .3SDPTH
ATCHG,TOOLS, .031TLR,0STK ,350FPM, .008IPR
MOVEC , OFFLN4/XL,OFFLN2/.02ZL
CUT,PARLN4, OFFLN3/XL
CUT,-.2Z,STOREI
MOVE, .3Z,0STOP,STORE2
FILET90,LN3,LN5, .093R,90CW
CORNR90,LN5,LN6, .02R,CCW
XSTORP1/2 ,
FILET90,LNé,LN7,.125R,90CW
CORNR90,LN7,LN8, .02R,CCW
FILET90,LNS8,LN9, . 125R,90CW, .0151PR
CORNR90,LN9,LN10,.02R,CCW
END

Figure 8 A Typical COMPACT Il Program
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5.3.3 COMMENTS

5.4

COMPACT 11's main asset is that it is available as a time sharing
system. This allows for immediate computer accessibility and eliminates
the turn-around time normally associated with "in=house" computers
or mail service. The special editing subsystem called QED provides an
extremely rapid method of debugging the input program.

An interesting ro;ﬁne available called PLOT provides the user of
turning machines with a graphic display of the part program and a
debugging capability. The plotting originates with the part program
and not the CL file. This provides the part programmer with a picture
of the geometry prior to the development of the tool path. Editing is
immediately available, thus eliminating dry runs of the tape at the
machine. The PLOT routing can be displayed using either a plotter
or a cathode. ray tube.

COMPACT 11 is an easy to use, comprehensive programming
language. It is suitable for turning, milling, drilling and boring

machines and is not restricted to any one manufacturer's machine tools.

SPLIT and ACTION 11

SPLIT and ACTION 11 are very similar in format to COMPACT 11
and thus part programming in these languages will not be covered in
any detail. In order to appreciate these languages, however, a general

description will be included.
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The SPLIT system (Sundstrand Processing Language Internally |
Iransldfed) is a multi-axis (two to five) positioning programming system
with some contouring capcbi|iﬁes2o9 It was developed in 1960 by the
Sundstrand Machine Tool Company as a means to communicate with the
IBM 360 that Sundsirand had access to., SPLIT became the first program
for small computers that could be used to produce numerical control

tapes. Next to APT it is the oldest numerical conirol programming

'~ language in existance today.

SPLIT is a prbprietary program oriented towards Sundstrand's
numerical control machine tools, but it is available for some other
numerical control machines. It is written in Fortran IV and will execute
on a number of computer configurations., A full=blown SPLIT processor
with circular interpolation requires 65K bytes of core, with less core
required as features are deleted. SPLIT is a single pass processor and
each line is processed completely as it is translated by the computer.

The language is based on common English words which are used to
describe the operations to be performed by the machine tool. Part
programming in SPLIT is very similar to COMPACT 11, in that each
statement consists of a major word followed by a series of minor words.
SPLIT includes some canned cycles but these are not suitable for turning

machines.
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A unique feature of this language is that no post processor is
required. A SPLIT processor is individually tailored to each machine
and the tape output is actually a result of incorporating the post
processing function in the SPLIT processor.

SPLIT is not offered on a time sharing basis and, as previously
stated, is primarily for use only with Sundstrand's numerical conirol
machine tools,

ACTION iy 230

ACTION 11 was introduced in 1966 for the 1BM 360 computer by
Numerical Control and Computer Service, Cleveland, Ohi02.9 Recently
it has been made available for other computers. lis forerunner ACTION 1
was introduced in 1964 but was limited to defining points only. The
capability of defining lines and circles together with their intersections
and tangencies was added to get ACTION 1]3.0 It will perform limited
two axis contouring and point o point operations for milling, drilling,
boring, and tuming.

In 1969, a new lathe routine was added called AUTO-ACTION.
This was really the introduction of canned cycles for rough and finish
turning, both external and internal. An AUTO-THREAD routine is now
also available for external c;r internal threading operations.

As with SPLIT, ACTION 11 has no post processor, it incorporates

the post processing function directly in the processor. It lends itself to

the use of a smaller computer requiring 32K bytes of core.
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5.5.1

Time sharing facilities are available but are only accessible via
mail service. This, of course, causes a delay in turnaround fime but
provision has been made to handle rush programs.

Again, as with COMPACT Il and SPLIT, the programming language
is made up of major and minor words, many of which have exactly the
same meaning in all three languages. ACTION [l is not limited to any
one make of machine and is suitable for programming various machine
tools, |
CIN TURN]2

INTRODUCTION

CINTURN, or the CINTURN MACRO system as it sometimes is
known, was developed by Cincinnati Milacron's numerical control
programming group. It is a collection of APT or ADAPT language
subroutines developed for tuming and boring. The main objective
in the development of the system was to simplify programming by
writing and debugging an APT or ADAPT language subroutine for
every possible part, feature and machine movemeni‘!2 The rationale
was that virtually any tumed or bored profile could then be programmed
by using all of the required subroutines. The only variables would be
dimensional and these would be entered by the programmer.

Some of the macros used in CINTURN were already used in other
programming languages. For instance a threading macro is available

in both COMPACT Il and ACTION |, but there was no macro available
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that would, for example, guide a tool through a straight line, info

a radius, up a shoulder, into a chamfer, and then into an angle. Such
a macro was devised for use with CINTURN and is known as the TFC
macro.

PART PROGRAMMING

Programming a lathe machining job by uses of the CINTURN MACROS
is a four part procedure. It consists of first stating the dimensions of the
finished component and ¢ general start statement setting forth the blank
size and maximum depth of cut. Secondly, the part is described by use
of the geometry hacros, then a routine is called to rough out the
geometry and fourthly, a finishing routine is called to bring the part to
the desired size.

Essentially this means that there are two types of macros, those
that describe part features and those that control machine movements.
A typical geometry macro is the GT del'O]a2 The G signifies that it
is a geometry macro and the T represents a tapered shaft. The macro
will be called out be the statement:

CALL/GT, NT, BD, A, L
The CALL/command is equivalent to the major word type of-command
used in a language such as COMPACT 11 and precedes all statements
called for a macro routine. The parameters listed after GT are a

series of variables that have to be defined when calling up this macro.



The NT refers to the comer number at which the taper is to begin, A

is a decimal value assigned to one-half of the included angle of taper,
L is the length of taper and BD is the original bar diameter, There

is also a second group of parameters associated with this macro. These
indicate certain machining variables such as amount of finishing stock to
be left, cutting speed and chip thickness. Values assigned to these
variables are average values determined by Cincinnati Milacron, but
can be readily changed b°y‘the part programmer simply by entering a
new value when the appropriate geometry macro is called up.

The geometfy macro GT is shown in Figure 9.. Also shown are the
movements of the roughing and finishing tools in order to produce the
required form. A machining macro would be called which would move
the tool from a predetermined set point into a blocking routine. This
blocking routine would rough out the required diameters one at a time,
leaving the correct amount of finishing stock on each. A second
machining command would then be called out in order to finish the
diameters to size, followed by a third machining macro used for
finishing the taper.

An example of a CINTURN program is shown in Figure-10.

5.5.3 COMMENTS

Most languages use English=like terms for program input in order to

avoid confusion. CINTURN is unable to use this opproach because of

the fact that it is based on APT. The macros used are written in APT
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CALL/GT, NT. 8D, A, L DF = 1,25, FS= .04, MTF = 1, CS = 350,
CHIPS = .027, CHIPP = .02, CCD = .85, GT
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L - - X SETPT

sls s Z =

2z slle g||e 2 "z

3lig 21132 < s

- por} 113

x 4 LE (1) RPM (1) F(1) LB(2) RPMI2) F12) i
~Lr LH() S
'1 —
-— z
Tagy L 813 | | "Pmia R =
A ~— LHAG (2) e I
sPC — * =
| k\ 2 LB(A) || RPMIOIF4) ¥ o
HRGI1 s
e L1 | LHRGIN . g
LBIS) RPM(S) =

FiS)
8 g
8l 3 ° °
: o i pevi] 201
————

e

Figure 9

The GT Macro as Used in CINTURN:
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PARTNC SAMPLE NO. 1 t
REMARK OD OPERATION FROM BAR STOCK

Z(1) = 6.5000 S
‘Z(2) = 5.9687 . )

Z(3) =3.67119 o - -
Z(4) =1.8594 . . _ R

- Z(5) = .8730 : . _ IR
Z6) = 3125 : o oo,
(M =0 4 .

- D)= 375 : .

D@2) = .623 . ‘ : e -

D@3) = .812 < '

D@4) = 873

D(5) =1.000

D(6) =1.250

D{7) =1.250 T
CALL/ST, NC =7, BD =1.250, DPTH =.200 .

Qi) =1/32 A
CALL/GT, NT =2, A =1.83,L =.718, BD =1.25, CS =200

= 1.5938, DN = .696
4 Z = 1.6088, DN = .696
4, Z = 1.8594, DN =.623. COR =1
=3, L"18125 P =6, RPMT =425, NT -1, AA =125,DTF = .5

CALL/THRD, N =1, NP =3, L =.530, P = 16, RPMT =825, TLF =7, TLF =8
CALL/FIN

'REWIND/1

FINI

-

" Figure 10 A fypiccl CINTURN Pr09rah
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and thus any designation used to call a macro must not have any meaning
in the APT language. The macros available are for common features
only and thus any specialized profile feature requires a new macro to

be written. This can be done by Cincinnati Milacron's numerical
control programming group or by the individual part programmer. It
requires, of course, a working knowledge of the APT language.

CINTURN is only available for use with numerical control lathes
and is applicable for most manufacturer's ldfhes. The system could
readily be adapted to other machine tools such as milling and drilling,
but as yet nothing is available, The system base, APT, is of course
available for these machining operations.

Post processors are required but with the very large number of
APT post processors on the market at the present time, this may not
present a great problem.

CINTURN can be used on a time=sharing basis as a number of
companies already offer the APT system, thus requiring only the
addition of the macros.

5.6 CHIPS22

———

5.6.1 INTRODUCTION

CHIPS is a numerical control programming language written by
LeBlond for use with the LeBlond Tape-Tum Lathes%ZCHlPS generates

a C.L. file thus requiring a post processor and, therefore, it could be
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possible to utilize the CHIPS language with other makes of lathes.

Input data is defined using standard CHIPS data sheets, thus
vtilizing a fixed field, fixed column format. It is a simplified input
with the part programmer defining the rough and finished contours,
from right to left, using either absolute or incremental dimensioning.
The required machining operations are then defined together with the
appropriate tool and t::ool position. The CHIPS processor will then
determine the co-ordinates for the complete tool path including turret
indexing if required. Rapid traverse and clearance moves are generated
automatically.

Actually two types of machining statements are allowed. The
first is the basic machining operation whicl;n is the canned-cycle type
of operation. Canned cycles are available for internal and external
turning, threading, grooving and facing. The second type of machining
instruction is known as the elemental motion sequence. This allows the
part programmer to generate a unique tool path sequence, one that a
canned cycle approach is not suitable for. The programmer directs
the tool path motion one move at a time and also controls the clearances,
rapid traverse, etc. as they are not automatically determined as with

the canned cycle,
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5.6.2 PART PROGRAMMING

Input data is declared as belonging to one of the following bcsi§

classifications:

a) ba'sic data definitions,

b) part/stock contour definitions,

¢) machining operation definitions, and
d) elemental motion sequence definitions.

The input format is rélatively free in regard to the order of
definitions.

Basic data définiﬁons contain the relevant information with regard
to set-up, tooling, threading data, and point location. The set-up
instructions are keyed by the word SET-UP and define the initial
position of the turret, indentify the machine, state the maximum length
of stock plus clearance efc. Tooling data contains the parameters
unique to a particular tool in a particular cutting position, whilst the
threading data contains the parameters for the closing of a particular
thread. The point location is required when using the elemental
motion sequence definifion. It is used to identify a reference point
from which the elemental motion sequence may be started. -

The rough and finished contours are defined from right to left,
describing each surface element in turn. Each consecutive surface
element must be of larger diameter for external or of smaller diameter

for internal, than the previous element.
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STKOD AND STKID are the commands used for defining the stock
boundaries whilst DEFOD AND DEFID are used for the finished contours.

The machining operations make use of the canned cycle routines
available and use a command word plus details of the required speed,
feed, etc. Canned cycles available allow for roughing and finishing
both internal and external contours, drilling, threading internal and
external, facing and grooving. With the grooving canned cycles both
infernal and external plurige grooving operations can be performed as
well as a plunge grooving operation into the part face.

Elemental mbﬁon sequence is used at the discretion of the part
programmer and is used for unique tool path sequences. Here the
programmer has to guide the tool into starting position, then through
the correct motion sequence and then back to correct position for the
next operation.

As previously stated the input order of definitions is relatively
unimportant and thus elemental motion sequence statements can be
interspersed between canned cycle routines.

COMMENTS

The input program is a relatively short one when compared to APT
and is compatable to other similar languages such as COMPACT 11,
The use of the standard data sheet is both helpful and necessary. It

helps the part programmer to ensure that all the required information
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is given and is necessary because of the fixed column format required
by the processor. Actually this fixed field, fixed column format
eliminates the need for a large number of command words and thus
tends to shorten the input.

CHIPS is available for use on an IBM 360 computer and LeBlond
also offer a processing service, on a postal basis, for users who have
no access fo a computer. It is not suitable for machine tools other
than lathes and is basically only readily usable for LeBlond numerical

control lathes.,
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6.1

6.2

GROUP 11l PROGRAMMING LANGUAGES

DEFINITION

The computer integrates into the cutter location programs all
technological command data about speeds, feeds, canned cycles, etc.
The input data consists of the geometrical definition of the initial and
final profile, material used, and the machine required, but the computer
has been previously provided with libraries concerning material data,
tooling available and machine characteristics .8

INTRODUCTION

The whole manufacturing process from product planning to the

workpiece can be regarded as a series of steps in the preparation,

handling, and processing of information. For the conventional
manufacturing process this means that many repetitive, time~consuming
work steps have to be executed by man. The developments tend to have
data processing machines, such as numerical control machinery and
computers, take over the various steps and further rationalize and
automate the whole manufacturing process.

In view of the technical and economic changes that are taking
place in respect of the numerically conirolled manufacturing process,
the use of the computer must not remain restricted to the simplification
of the preparation of control tapes, but must simultaneously serve to

optimize the machining process. Thus the programmability of the
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technology of the machining task is of the utmost importance.

"Computer aided programming systems must provide possible solutions
to the technological problems involved in addition to solving the
geometrical part of a machining task”. This statement was made by
Dr. Wolfgang Bucldc-::3 8 during the presentation of a paper to the Society
of Manufacturing Engineers in 1972, This line of thought provides the
~ foundation for program;ning languages such as EXAPT, GETURN & CUTS,
all of which carry out such tasks as:

determination of the optimum cutting sequence,
determination of the required speeds and feeds.

Thus with increasing wages and decreasing computer costs it
appears to be imperative that the computer be utilized more fully when

dealing with machining tasks.
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1,2,11,35
TECHN OLOGICAL PROCESSOR

With the advent of Group Ill programming languages the technological
processor has become a very important section of the language. It provides
a means of taking the results of years of experimentation and experience
and utilizing them for the calculation of suitable cutting conditions for
different materials and components. It relieves the part programmer of
having to remember or calculate suitable cutting speeds, feeds, é-fc.

It is extremely imporfant that the calculated cutting conditions are

realized in practice and hence the reason for continued investigation

into cutting parameters.

In @ machining operation many factors have to be considered. The
cutting parameters, speed, feed and depth of cut not only have to be
calculated but their interrelationship with each other and with other
factors such as tool life, chatter etc. must be considered. These
relationships are available as mathematical -formulae, which readily
allow the adoption of the computer to make technological descisions.

Essentially then the output required from this portion of the processor
is a cutting speed, a feed and a depth of cut. The various factors which
influence the choice of values for these cutting parameters are the

forces encountered in the cutting process, the chip form and the tool

life, These are influenced by the geometry and dimensions of the tool,

the properties of the workpiece, the chip cross section and the machine
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tool .

When rough machining the main objective is usually to remove the
maximum amount of material in the minimum time. To do this the cutting
speed, feed or depth of cut is increased. An increase in one of these
parameters, however, requires a decrease in another if the same tool
life is needed. Cutting speed has the greatest influence on tool life,
followed by feed and depth of cut respectively. Thus in order to preserve
tool life and get maximum.metal removal the feed and depth of cut are
increased. Depth of cut, howeQer, is restricted by more factors than
the feed e.g. chatter restrictions, tool width, required diameter of
workpiece etc. Thus it is usual to increase the feed to a maximum when
roughing and keep the depth of cut to feed ratio a constant.

Another factor for choosing to maximize feed is that the specific
cutting force decreases as the feed increases. The main cutting force is
equal to the specific cutting force times the product of the depth of cut
and feed. Thus, with the depth of cut to feed ratio held constant, the
main cutting force will increase less than proportionatly to the chip
cross—section. This of course means that with the maximum possible
feed the volume of metal removed/unit of power will be a maximum.

In finish machining the governing criferion is usually the required
surface finish. The tool profile is reproduced on the work surface in

the form of feed marks. Equations have been derived! for the surface



finish depending upon the feed and the tool profile. 7

According to Chisholm], and Ansell and Taylor the surface finish
decreases as the cutting speed increases, until the surface finish equals
the ideal finish. Further increases in speed do not alter this surface
finish. In general a continuous chip with no built up edge is required
for a good surface finish and higher speeds help to eliminate the built
up edge and provide steady cutting conditions.

Thus determining the.cutting speed and feed for finishing operations
presents a slightly different problem to calculating the same parameters
for roughing.

For reasons outlined previously in rough machininQ the feed is
normally maximized. In order to do this the maximum allowable cutting
force must first be determined. Three factors affect this value, these
are workpiece geometry, the machine tool and the cutting tool. The
maximum allowable cutting force must be such that it does not violate:
i) the maximum force that can be withstood by the workpiece,

ii) the maximum force that can be generated by the maximum permissible
torque of the machine,
iii) the maximum force that can be withstood by the tool.
In other words the maximum allowable cutting force is the minimum
1 |

value of the above three forces.

Once the maximum cutting force is known then it is used to calculate

49



the maximum feed. This is done by utilizing fhve known relationship
.beiween the maximum allowable cutting force, the specific cutting
force, the feed and the depth of cut.

If a constant depth of cut to feed ratio is used then it becomes a
simple matter to calculate the depth of cut given the feed. Depth of cut,
however, has two restricting factors. These are chatter and the length of
cutting edge of the appropriate tool,

The length of cutting edge is obtained from the tool file whilst a
mathematical model can be used to determine if the calculated depth of
cut will produce chatter. If this is the case the depth of cut is modified
to a suitable value and the feed recalculated.

The final parameter, cutting speed, is controlled by power available
and/or tool life. From the point of view of power available it is a
relatively simple matter to calculate the maximum allowable cutting
speed, utilizing the already determined maximum cutting force. But
the cutting speed value must satisfy the requirements of tool life and
therefore a value can be calculated using the previously determined
feed and depth of cut with some adaptation of the Taylor equation for
tool life. The cutting speed chosen will obviously be the smaller of the
two calculated.

A typical algorithm for the automatic determination of cutting

2

conditions is shown in Figure 11. This was produced by Takeyama” at
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the Government Mechanical Laboratory in Tokyo and used data collected
since 1956 on such aspects as tool life, surface rwghnéss, accuracy, etc.

The input information consists of the type of operation, fype of work
material and ifs mechanical properfies, dimensions of work material and
type of work clamping, mach.ine capacity, feed steps, and speed steps.
These inputs are shown on the left side of tHe flow diagram. Actually if
this system was incorporated into a numerical control programming language,
the majority of these inputs would be in the data file. For instance the
mechanical properties of the workpiece are included in the material file
in GETURN , whilst the machine capacity, efc. is included in the
machine data file.

. The contents of the data file are shown on the right of the flow

diagram and are the type of tool, the tool tip suited to each work material
and type of operation, tool life equation for each material cut and operation,
formulae used for cutting force and power, dimension list of tool shanks,
mathematical model of chatter vibration, data of rupture strain of work
material , and list of chip breakers.

Initially a suitable tool type and tip grade is chosen by referring to
the input information and the stored file. Speed, feed and depth of cut
are then determined from the tool life equation beginning with the maximum

machine feed, for example, under the constraints of permissible work

deflection, maximum machine power, permissible feed, etc. In the



course of this process the speed, feed, and depth of cut are also
determined so that the metal removal rate may be maximum in a rough
cut under the aforementioned conditions. The shank dimension of the
tool is then determined.

A mathematical model for chatter is used to ascertain if chatter will
occur under the parameters already obtained. If the parameters are such
that chatter will occur then the depth of cut is reduced to such a level
to eliminate the chatter,. If the depth of cut reduction is larger than a
specified value, say 5%, the speed and feed are reduced by means of
a feed back loop in the algorithm.

Finally, the type of chip breaker suited to the determined conditions
is chosen. Again, provision is made for a feed back loop if the feed
parameter proves to be too small for the chip breakers.

The computer routine was developed in order, to minimize the
capacity of the computer to be used, and as stated previously a number
of the mathematical models used were based on extensive data collected
over a great number of years.

Tests carried out proved to be highly successful whean comparing the
results obtained through the algorithm with those obtained from actual

studies.
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8,10,11,14,15,39
GETURN/MITURN " 7/

INTRODUCTION

The MITURN programming system (Metal Institute TURNing
Program) was developed by the Certrum voor Metaalberwerking of the
Metaalinstituut, TNO of the Netherlands. [t was developed using the
same philosophy as the AUTOPROG language. AUTOPROG was
developed in Cze&‘;hoslovqkia under the direction of Doctor Kolog
during the period 1966-]9698. The philosophy was that approximately
eight programs per day were required to keep a numerically controlled
lathe running on a two shift basis. Thus simplified input part
programming was a necessity for economic usage of numerical control
lathes. The General Electric Company has now taken over Miturn
and offers it on the General Electric MARK [l Time=Sharing Network
as GETURN.

GETURN is a relatively new, self-contained programming system
specifically designed for Iatheslo It is in fact a comprehensive
production system composed of a number of subsystems Which together
make an important contribution to the optimum utilization of numerically
controlled lathes. It is equipped with a complete metc;l cutting
technological capability and thus relieves the part programmer of the
necessity of determining cutting conditions, as well as the need to
devise the geometry of each cut.

The following operations are carried out automatically by the



GETURN system:

i) the optimum sequence of operations is determined,

ii)  the optimum depth of cut, feed and cutting speed are determined
per cut,

iii) the programmed surface quality is reached,

iv)  the best tool for each operation is selected from the stock of tools,

v) the operating instructions for the machine are formulated,

vi) the expected machine time for the programmed workpiece is
specified,

vii) the tape is punched for the machine.

In order to éarry out all these functions GETURN requires a group
of technology input files. These files consist of a Tool File, a Methods
File, a Material File and a Machine File. These files stay constant for
long periods of time and only need updating in the event of changes in
machining practices. Figure 12, shows the genetal input and output,
whilst Figure 13, shows the relationship between the part program and

the technological files.
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6.4.2 PART PROGRAMMING

The part program consists of the following:
i) heading with the programmer's and program's identifications,
if)  set-up specifications with important basic parameters of the
machine used, overall workpiece size and configuration,
clamping method, major positioning parameters and machinability,
ifi) workpiece specification,
iv) comments for production,

As GETURN is only offered on a time sharing basis, Section (I)
normally includeﬁ general identification of the users Machine File,
Tool File etc. and is of relatively standard form.

The set-up specifications consist of two ordered sets of numbers
which denote values of certain important basic parametfers, The first
sef describes machine and workpiece related condﬁions, while the
second sef is concerned with the geometry of the set-up.

39

The first set consists of a series of six numbers which represent:

I) Machine Number: Each lathe covered by GETURN is given a

number which is entered in the Machine Catalogue.

2) Operation Code: This is a two digit number with the first digit
specifying the work holding method and the second digit thé
desired operations,

e.g. Operation Code |0 would mean that the workpiece is held in

the chuck without any other support and that both roughing and



3)

4)

5)

6)

L
L2)

L3)
L4)
L5)

Lé)
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finishing were required.

Material Record No.: This refers to the workpiece material of

which the technological parameters are supplied in the Material
File under the same number.

Relative Machinability Rating: This number is used as a multiplier

of the cutting speeds given in the Material File. It is a value
between O and I.

Depth to Feed Ratio: The desired ratio of the depth of cut to the

feed per revolution. This value will override the value given
in the Material File unless set to zero,

Overall Set-Up Rigidity Coefficient: This value has a proportional

effect on the maximum chip cross section permitted «  lt. ranges
from 0.1 to 1.0,

The second set of numbers are shown in Figure 14:

Distance from spindle nose to the end of chuck.

Required safety distance. This is the minimum that will separate
the tool tip from the work holding device in the axial direction.
Distance from work holding device to right hand end of blank.
Total length of external machined contour.

Total length of internal machined contour,

Safety distance around workpiece. This distance provides an

envelope around the current shape of the workpiece within which
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the tool will move only at metal cutting feed.

When using a steady rest an additional dimension has to be defined.
L7) Distance from work holding device to centre of steady rest. In this

case the safety distance L2 must include the steady rest.

For section (iii) in order to describe the workpiece fully the internal
and external contours of it are separately divided into longitudinal body
segmenfs, called elements, and each element is fully described by a
string of parameters which can be taken directly from the blueprint.
Figure 15 shows details of all the elements presently available. As can
be seen they are: cylinder, taper, circular arc and threaded cylinder.
Radial grooves are also available, but are not considered longitudinal
elements. They can be superimposed on any cylinder or threaded
cylinder.

Part programming consists of listing the elements consecutively
from the tail end of the workpiece to the headstock end i.e. from right
to left. Consecutive diameters from right to left must be non~decreasing
for the external contour and non-increasing for the internal contour,
with the exception, of course, of grooves.

In programming the part, first the blank size and then the finished
confour is described. The order of the descriptive elemenis is also
rigid and is as follows:

First the number of external elements is listed, followed by the first
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element code together with the appropriate parameter string. When all

the external elements are defined, the number of external grooves

followed by parameter strings defining each groove is listed. The
whole procedure is then repeated for all internal contours.

Figure 16 shows a typical component and the programmed description
of both the initial blank and the required finished workpiece. As
previously stated the initial blank is described first starting with the
external contour,

Line 210 shows the number of external elements on the initial blank.

In this case it is three: a taper, an arc and a cylinder.

Line 220 describes the types of elements.

i.e. 3 denotes a taper
4 denotes an arc
| denotes a cylinder

It is worthwhile mentioning once again that fhé elements must be
listed from right to left.

Line 230-250 list the parameters of each element., Here it should be
noted that measurements for each element are taken from
the end of the previous element. This is the case for all
elements except grooves. e.g. Consider Line 240 which
is the list of parameters for the arc. The third parameter

denotes the length of the arc and is 0.375", which is the
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length as measured from the end of the taper which was the
previous element.

Line 300-310 describe the internal contour of the blank. As there is
not internal form, a zero is programmed.

The initial blank has now been completely described and thus the

required finished workpiece follows, again starting with the external

contours.
Line 420 denotes three external elements.
Line 430 states that all three are cylinders.

Line 440-460 contain the required string of parameters describing each
cylinder. Here it is interesting to note the difference
between the parameters defined at Line 250 and those at
Line 440, Af Line 250 only two parameters were defined,
the diameter and length of the cylinder, whereas at Line
440 eight parameters were defined. The reason for this is
that the blank size is considered to be "rough” and tolerances
and surface finish values are not required to describe it.
Thus the extra parameters required for the finished cylinder
describe the tolerance bondaries on the diameter, the
surface finish on the diameter and shoulder, the chamfer -

and the undercut.



Line 500~5I0 describe the external grooves. Here a zero is programmed
although the blueprint shows an undercut at the end of the
|.500" diameter cylinder. This is because the undercut
is of standard dimensions and is defined at the same time
the cylinder is defined.

Line 600 and onwards proceed to describe the internal contour and face
dimensic:ns.

The fourth section of the parfs program is a general one for comments.

It allows the part programmer to add any special instructions required and

to pass them on to the lathe set-up man and/or operator.

6.4.3 TECHNOLOGY FILES

The tool file is a collection of tools that are available for a
particular lathe, and are admissible i.e. they conform to certain
geometrical restrictions. The tools to be used with any part program
are automatically selected by GETURN, with selection being based on
type numbers and within the same type on tool parameter v<::|ues£3

Each tool is defined by the tool number, the tool name and
eighteen tool parameters. The tool number is a four digit number, with
the first two digits reflecting the tool type (e.g. drill, boring bar etc.)
and the second two the serial number which determines the tool's position
in the list with respect to other tools of the same type. The tool's

relative position is important in ensuring that the best tool is selected



for any operation. Consider, for instance, a finish boring operation
and a number of boring bars could enter the rough hole and have the
reach to perform the operation. GETURN will select the sturdiest

one, i.e. the one with largest diameter, and if there is more than one
with this diameter it will then select the shortest one. Thus in order to
assist the GETURN program finish boring bars should be ordered, in the
tool file, first in descending order according to diameter. Then if more
than one bar has the same diameter they should be listed in ascending
order according to length. The diameter and the length would be
known as the selection sensitive parameters for finish boring bars.

The Methods File contains fifty constants, the values of which
influence the execution of machining operations. The effect of these
constants is independent of the workpiece and tool tip materials. There
are two standard methods files available for GETURN, one for metric
and the other for inch system machine tools., [f either of these files
is not suitable then provision has been made for the user to enter his

own file or to use a standard file with a number of modifications.

The depth of cut for roughing operations is automatically determined

by considering the programmed set-up rigidity coefficient, the rigidity
of the workpiece, the available spindle torque and is limited by the
maximum allowable cutting force on the tool and the maximum depth of

cut. For finishing operations the depth of cut will equal the finishing
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stock.

The feed for roughing operations is chosen so as to implement the

desired depth/feed ratio. For finishing operations the feed will be such

as to provide the programmed surface finish quality required. Cutting

speed is chosen from the Material File.

The machining sequence is an ordered execution of the operations

required to complete a part. It is dependent upon the Operations Code,

certain Methods File constants and by the absence or presence of

internal /external machining operations.

)
2)
3)
4)
5)
6)
7)
8)
9)

10)

The normal machining sequence is as follows:
End facing

Drilling

External roughing
Internal roughing
External finishing |
External grooving
External threading
Internal finishing
Internal grooving
Internal threading

The parameters which influence depth of cut, feed and speed are

supplied in the Material File. There are two standard material files
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available for GETURN, one for metric machines, the other for inch
system machines. These files can be used as is but there is provision
for a user fo modify any parameter or create his own files.

The standard Material File represents two classes of materials:
ductile and brittle. The parameters for the "ductile class" are baséd on
SAE. 1112, cold drawn free machining steel, and those for the "brittle
class” on soft grey iron. The effect of these parameters can be modified
through three entries of the set-up specification: relative machinability
rating, the depth to feed ratio and the overall rigidity coefficient.

The relative machinability rating is used as a multiplier to all speed
values of the Material File. For example if the rating entered is 0.5
then certain parameters will be automatically halved.

The depth to feed ratio can be modif;'ied by entering the required
value in the set-up specifications. This will override the value in the
Material File.

The overall rigidity coefficient is used as a multiplier to the depth
of cut and feed computed by GETURN.

Complete description of these files and their make up are well

documented in the GETURN part programming manual .

COMMENTS

From a part programmer's point of view GETURN is an excellent

programming language. It has an extremely simplified input format and
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relieves the part programmer of a great deal of technological decisions.

It is designed only for lathe work , which means that companies using
GETURN would require another language for programming any other
machine fool. It is, however, adaptable to any make of lathe. Post
processors are required but General Electric does offer a standard lathe
post processor called GELATH2.3 This generalized post processor is based
on the concept that most numerical control turning machines have features
that are common to one another. Any differences can be compensated for
by additional entries.

The fact that any element description requires fixed parameters
restricts the dimensioning of a blueprint. In order to be compatible with
the simplified input format, components should be dimensioned in the
same way as the input required for any element.

Exap7Sr17:36,38,40

INTRODUCTION

EXAPT was developed by the Technical Institutes of Aachen, Berlin
and Stuttgart, in Germcmy].7 Work first started on the EXAPT programming
language in 1965 when it was found that no language, at that time,
covered any of the technological tasks requiréd of a programmer. The
starting point was the programming language APT and the name EXAPT,
indicates the relations of the structure and computer machining of the

EXAPT system to the APT programming system. [t was also noted that



APT requires a complicated input, even for the simplest c;on.rponenfs,
and thus only some of the geometrical defining possibilities of APT were
adopted for EXAPT.

Expansions were made in EXAPT, in relation to APT, and it was
made possible to include the technology for different machining problems
info the automatic production of punched tapes.

The complete EX;&PT programming system consists of three languages.
Of these languages EXAPT | deals with the programming of numerical
control machine tools with point-to=point and straight path control and
thus is used for drilling and simple milling operations. EXAPT 2 provides
for programming turning operations, dealing with the programming of
machine tools with straight path and contour control, with circular and
linear interpolation. EXAPT 3 is a further extension of EXAPT | and |
allows for the programming of contour milling].

As thfs report is dealing with languages for turning operations only
EXAPT 2 will be discussed in any detail.

At the present time EXAPT 2, along with determining fhé tool path,
also calculates the cutting values and the cut distribution. It will
not automatically select the tool but this refinement is presently being
developed.

At this stage it is worthwhile mentioning the EXAPT association.

The previously mentioned Technical Institutes collaborated with a large
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number of industrial companies to found the Association for the
Advancement of the EXAPT Programming System in 1967. The basic
tasks of the Association are to introduce the EXAPT programming system,
to preserve the uniformity of the system, and to expand the system
according to the user's experience and technical progress. Because of
EXAPT's similarity to APT close contact is maintained beiween the
EXAPT Association an; the APT Administration.

PART PROGRAMMING (EXAPT 2)

A block diagram indicating the program structure for EXAPT 2 is
shown in Figure I7. The part program consisfs basically of three sections,
initial instruction, defining instructions and machining instructions. The
initial instructions define the part number, the machine number which
denotes the post processor to be used, the material and the chucking
details.

The second section of the part program can be subdivided into
three further sections. These are the geometric definition of the blank,
the geometric definition of the finished workpiece, and the fechnological
definitions.

The ‘contours of the blank and finished part are respectively described
in two statements:

i) that of geometric definitions according to APT and
ii) that of the contour~describing instructions for connection under the

use of the previously defined elements.
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The APT definitions contain points, straight lines, and circles
which are appropriate for the description of the turning part. The
selection of these definitions was based on a study of turning part
drawings of different manufacturing processes. Some simplified
definitions have been developed however, in order to be able to describe
such geomeiry as axis-parallel straight lines which occur very frequently
in turning. Figure 18 iollusfrai'es the use of these simplified definitions
for the description of plane surfaces and diameters. Thé connecting
instructions are required in order to determine the shape of the contour.

The blank description is introduced through the instruction BLANCO
and the finished part description with PARTCO. Both are terminated by
the instruction TERMCO. Due fo rotation symmetry, tuming parts are
unambiguously defined when one half of the geometrical cross section
is described. The description is effected only in the X,Y plane, with
the X axis taken as the axis of rotation. The contour description consists
of geometrical elements linked together. The linkage is effecfed.through
statements in which a geometrical element is always attached to a part
of the contour.

The first linking statement must fix a starting point for which an
optional contour point can be chosen. Then starting from this point and
going in a clockwise direction the full contour of the component is

described. Through a determination of the same type of description for
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blank and finished part, the disposition of the volume to be removed is
clearly established.

The contour description provides the basis for the processing of the
machining stages in the computer in order to determine the sequence
of cuts necessary to obtain the contour of the finished part. When
technological data is to be automatically determined, it is necessary
to select points on theocontour of the finished part. These points,
or marks as they are sometimes called, define a region which can be
finished by a single tool,

Figure |9 shows an example of the descriptions of the rough and
finish contours required for that component. It can be seen that the
structure of the cmnécﬁng instructions is very similar to that required
in APT. An extra feature is the use of additional modifiers which make
possible the description of phases and curvature radius as well as the
determination of the required finish and tolerances.

The technological definitions could also be called machining
definitions and their structure corresponds to the structure of all EXAPT

instructions, a major word followed by a series of modifiers. The basic

type of machining is determined by the major word and a list of admissible

machining definitions is given in Figure 20. Figure 20aq lists all the
definitions available for internal machining, whilst Figure 20b lists

all those available for external work.
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As can be noted certain modifiers must be given with each major
word. The statement LONG, CROSS,‘or ATANGL gives the direction
of feed of the tool. This direction must be stated for TURN, GROOV,
and THREAD, but is not necessary for CONT, LONG is in a direction
parallel to the axis of rotation, CROSS is perpendicular to it, and
ATANGL gives an angular direction of feedé.

The difference be;'ween the TURN and CONT commands should be
noted. For example with a command of TURN/LONG, a series of cufs
parallel to the X~axis will be obtained, but the tool cannot traverse,
recess or groove., With CONT/LONG the tool is able to traverse, recess
and groove. Figure 21 shows the difference between the two commands.

Feed, speed and depth of cut can all be given or can be automatically
determined. Af this stage the required fool must also be called up, using
a tool identity number and a m’angine number.

Each machining definition is signified by code number in order to
allow it to be called up during the third section of the part program,
the machining instructions. The call-up begins with the major word
WORK, followed by the code number given to the appropriate machining
definition. The machining positions at which the called up work operation
is to be carried out is then stated immediately following the WORK
statement. The major word CUT is used for the machining position call

up, together with the marks, which were defined during the contour
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descriptions, which will denote the length to be cut.

The sequence of the WORK instruction with the corresponding
machining position call-ups determines the work sequence for a clamping.
The different clamping positions are described by the following
instructions: CLAMP/A, INVERS. The value "A" indicates the position
of the clamping plane in the workpiece coordinate system. The modifier
INVERS means that fhgé workpiece is clamped while tured 180° from the
finished part description,

Figure 22 shows the EXAPT 2 part program for the component shown.

CUTTING VALUE DETERMINATION

As stated earlier speed, feed and depth of cut can be automatically
determined by the EXAPT program. In order for the technological .
processor of the EXAPT program to be able to calculate these values, a
number of input files are required. These are a tool file, a material file,
and a machine tool file.

The tool file con‘faiﬁs all the necessary data regarding operating
conditions and dimensions of the tool. The data stored in the material
file contains all limiting values and characteristic data for a material
relative to the material of the cutting edge. The machine tool file is-
similar and contains such limiting values as maximum power available;
and spindle speeds.

Thus in the program for automatically determining the cutting value,
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the cutting conditions and the operational conditions of the tool are
adjusted to one another by a series of mathematical equations. The
resulfs for each single cut are calculated with the aid of the
corresponding data from the material, tool and machine tool files.
The depth of cut is determined through the cut distribution, which
is based on the maximum effective cutting edge length in the case of
6

several passes.

The feed is calculated from the depth of cut with the aid of a chip

form criterion. To obtain this criterion the chip width, the chip thick-

ness and the resulting width to thickness ratio are required. In the case
of roughing, the feed is limited by the maximum permissible chip thick-
ness and the maximum permissible cutting power of the tool as well as
the maximum torque of the machine. In the case of finish tuming, the
quality of surface finish required is the factor limiting the feed.
The value of the cutting speed is calculated using the following
equation when tool life is the determination crii'eri':m:6
Cutting Speed = K. AF, SE_ 1C_ vgH
Where A = depth of cut
K = tool life constant
S = feed
T = tool life

VB = width of wear mark
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E,F,G,H = constants
As stated previously the three cutting values can all be entered by
the programmer during the machining definitions.

PROCESSOR FLOW CHART

The flow chart of the processor is shown in Figure 23. The contour
table is compiled in the geometrical processor. The technological
processor . extends the contour description corresponding to the description
of the chuck. Subsequently, the segment to be machined is determined,
the range to be machined is corrected relative to the tool geometry, and
finally the balanced and complicated cut distributions for TURN or
CONT are calculated.

The KOLLIS program is an inferesting innovation, in that it determines
whether the area to be cut can actually be machined by a tool with the
given geometry. Consider the component in Figure 24, It is required
to machine from Ml to M2, using a tool shaped as shown. In theory
either of two commands would suffice, that is TURN/LONG =~=-or
CONT/LONG----. If TURN/LONG---~ was used the final profile
obtained would be that shown by the solid line(a). This is because the
TURN statement will not allow the ool to change direction to form the
groove. If CON T/LONG---- was used then the area below the dot~
dash line cannot be machined because a collision with the secondary
cutting edge would occur. Thus the correct way to machine from MI to

M2 would be to TURN/LON G---- followed by a GROOV/CROSS---~.
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6.5.5 COMMENTS

The EXAPT family of numerical control programming systems is a
very unique one. To the author's knowledge it is the only system that
offers solutions to the technological decisions facing a part programmer
for various types of manufacturing processes. The programming language
for drilling, milling and turning is a unified one, which is an advanfoge
for part programmers who are required to program various types of machines.
It is also advantageous in terms of post processors. At present machine
tool users often desire from the manufacturer the necessary post processor
for the programming language they are interested in. A qnified language,
such as EXAPT, would put an end to the recurring expenses of post
processors for the manufacturer.

In order for EXAPT not to be dependent on any computer manufacturer,
translater programs were written in FORTRAN 1V, which makes it possible
to transfer the programs in a relatively short time from one computer to
another.

EXAPT 2 is a relatively easy language to learn to program in,
especially if a programmer has had previous experience with APT. One
minor problem that could lead to confusion is that the contour definitions
are defined using X and Y coordinates. On the North American continent

the Y axis referred to is known as the Z axis.
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TNC LAN GUAGE47

INTRODUCTION

The TNC Language is a programming language presently being
developed by Jones and Lamson for use with the Jones and Lamson TNC
lathes. It combines the programming functions of control, geometry,
and machinability into a single system of inter-connected computer
program modules whi;h act as a single program. The fact that the
control aspect is built in eliminates the need for a distinct post processor.

The TNC Language examines the total relationship of the input
commands to the specific machining situation, then uses this in formation
to optimize the machining commands and to generate many of the tool
motions oumeaﬁcally‘.v It also selects the appropriate tools, specifies
the set-up tooling position and the corresponding set dimensions.

Built into the system is a machinability file, a tool geometry file,
and a machine specification file. These files are an integral part of the
system and do not have to be created by the user. Provisions have been
made, however, for overriding these built-in files and thus the user can
include special tools or substitute his own machining technology. The
machinability file is based on the accumulated technology and experience
of Jones and Lamson over the years. It contains machining data on more
than 800 different materials. The tool file is based on the standard Jones

and Lamson carbide tools and tool holders. It contains the tool geometry
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information on around 350 tools and holders. The machine specification
file describes the dimensional characteristics of the Jones and Lamson
TNC lathes.

The system is designed for use with the GE=635 Mark Il time sharing
computer but can be readily adapted to fit other time sharing systems or
in~house computers because all the supporting computer programs are
written in FORTRAN ;V.

PART PROGRAMMING

Very little information on part programming in'TNC is available as
Jones and Lamson is still finalizing the development. The TNC language
consists of words of four or less characters which are the exact or slightly
abbreviated form of the words normally used in lathe terminology to
describe lathe cuts, slide motions, and miscellaneous machine functions.
Each word in the language is a command to the system and has associated
with it one or more parameters which explicitly define the command. It
appears that each contour required needs three types of commands in order
to produce that contour. The control is defined first, followed by the
geometry of the contour and then the machinability commands. This
process is repeated for each contour.

The control commands index the turret, turn spindle on, turn coolant
on etc. The geometry command describes the type of contour and its

dimensions.
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6.7.1

The machinability commands activate the machinability files and
machinability logic in order fo compute the speed, feed etc. Each
machinability command contains a word command describing the type of
machining operation required and a series of parameters describing the
start and finish poinfs.

Figure 25 shows an example of a program.

COMMENTS

The TNC language will cover various types of Jones and Lamson
TNC lathes including bar machines and chuckers. It will also be adapted
to suit the 4 axis machine and production centre machine that Jones and
Lamson offer.,

A collision check is incorporated in the TNC language by means of
an algorithm which senses the shape of a user defined clearance envelope
surrounding the workpiece. A warning message is printed out if the
turret doing the cutting causes the opposite turret to move inside the
clearance envelope.

The fact that the language can be used either on an in-house
computer or on a time~sharing basis is an advantage but this could be
offset by the fact that it is limited to Jones and Lamson TNC lathes.
curg®
INTRODUCTION

CUTS is the Warner and Swasey Computer Utilized Turning System
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and was developed by Warner and Swasey for use with their numerically

controlled turret lathes. It is now available for programming the Warner

and Swasey 2-axis turret lathes and is designed for use with the 1BM 360

computer model 30 with 65K storage?SCUTS includes methods

determination and tool engineering and thus requires only a simplified

input description of the workpiece from the programmer. The CUTS

program has the abilif; to decide:

i) the number of cuts to be taken on each surface,

ii)  how the surface is to be produced i.e. by turning, facing or
contouring,

iii) how much stock each cut will remove,

iv)  in what sequence the cuts are to be made,

v)  what tools are required to make the part,

vi)  the position of the turret each tool will occupy,

vii) feeds and speeds for each cut,

viii) a punched tape,

ix) general operator instructions.

CUTS will hondle almost every type of standard cutting operation.
Included are: turning, boring, drilling, internal and external facing,
necking, grooving, chamfering, threading, tapers, and radii extending
through a full 90° arc. Basically the program only excludes behind

shoulder operations and complex contours.
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The system operates in conjunction with a permanent tooling system,

which uses a few simple and basic tool holders. Thus the number of
variables connected with tooling with which the program must cope is
drastically reduced.

PART PROGRAMMING

Part programming in CUTS is relatively simple in that a brief
description of the workpiece, giving rough and finish sizes, material
specification, finish requirements and a few other descriptions, is
written in two steps. Step one identifies the part, the work material,
and the holding information, whilst step two describes each surface to
be machined. The surface description is done using normal shop terms
and decimal dimensions, and can normally be taken directly from a
blueprint.

The CUTS program then analyzes this information, with the help
of information drawn from the appropriate tool file, material file etc.
and then decides how the part should be mcchined?5The output is

given in two forms, one, a printout, understandable to the operator;

the second, a tape, understandable to the machine. In order to simplify

the input and aid the part programmer Warner and Swasey have developed

93

two standard forms for use with the CUTS program. The first form is known

as a Header Sheet and contains the information relating to the part

description, the material, the machine to be used, various parameters



required for cutter location, the length of the part, and details of the
end facing operation, The post proéessor is also called up using the
code PPIDEN followed by the correct post processor name.

The second form is known as the Surface Description Sheet and, as
the title suggests, provides the layout for the description of the required
contour. Each contour is described, starting from right to left as the
workpiece sits in the chuck, by means of a word describing it, followed
by a series of de#imal_ dimensions. The word descriptions are exactly
the same, in most cases, as those used to describe the contour in the
English language. For example the word for a chamfer is CHAMFER.
The only word description that is abbreviated is diameter which reduces
to DIAM. The input is fixed format and each contour requires a number
of parameters, its length and its angle, whereas a diameter requires
three or four parameters. The parameters required for a diameter are
the upper and lower boundaries of the finished diameter, the initial
stock size, and the required surface finish. The surface finish is an
optional parameter and does not have to be specified.

The contour description is described in this way first externally,
then internally. The CUT-PAST command ensures that the final boring
pass will clear the end of the component and not leave any step due to
blank size variations. All input programs must finish with the command

ENDPART which signifies to the computer the finish of the part
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description.

Figures 26, 27 and 28 show a component and the required input
part program for that component.
COMMENTS

The main fact that stands out with CUTS is that it is only
available for Warner and Swasey turret lathes, thus is a disadvantage
for in order to use CUTS and keep a constant programming language
a machine fool user must virtually forego his freedom of choice
concerning machine tool selection.

The input part program is simplified especially when using the
standard coding forms designed by Warner and Swasey, and in most
cases requires the part programmer to transfer information from the

blueprint to the coding forms.
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7.0

DISCUSSION

Manual programming or computer assisted programming? This
represents the first decision that one has to make when deciding upon a
programming system. The basic criteria for this decision are the volume,
variety and complexity of the work load. The volume and variety
control the number of different tapes required during a given time interval,
whilst the complexity determines the number of calculations to be:made.
Although most turning jobs are not extremely complex, a manual
programmer can still be involved in long tedious and error prone
calculations. Also the manual programmer is required to know the
control system and peculiarities of ‘each numerical control machine
requiring programming .

Manual programming is probably only advantageous when the
number of different control tapes is low and the lead time is great. It
can, however, have a demoralizing effect on the part programmer
because of the tedious nature of the work.

The prime advantages of compL‘err assisted programming over manual
programming are drastic reductions in lead time leading to a lower
inventory, reduction of indirect labour costs because of the.decrease in
manual calculation required, and the improvement of program reliability.
Obviously as the complexity of components increases, the need for

computer assisted programming becomes imperative.
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Choosing a suitable programming language is not just a simple matter

of matching a language to a machine. A number of other factors should
be considered. For instance computer accessibility is an important
factor, as is the type of numerical control equipment to be purchased
in the future or the availability of post processors.

Computer accessibility has a great deal of influence on the choice
of a suitable languog:ao The decision between in~house computer usage
or some time-sharing mode must take into consideration which languages
are available in which mode. Of course other factors must enter into
the decision making process. With an in-house computer the numerical
control programmer does not normally have direct access to the computer
but has to "wait in line". This waiting is eliminated in a time sharing
situation, together with the high initial investment cost of a computer
or the high rental cost. For a company only using computer facilities
for numerical control programming some method of time=sharing is
probably most economical.

Progra mming languages can be split into two areas, general
purpose languages and special purpose languages. General purpose
languages are those which can be used for various types of machine
tools e.g. mills, lathes etc. whilst special purpose languages can only
be used with one type of machine tool. They can be further split into
proprietary or non proprietary languages. [f a language is selected

without considering future needs then it is possible for a company to
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have a large number of different programming languages being used and
thus putting added pressure on the part programmer. A similar sifuatit:;n can
develop if a proprietary language is selected. Thus a general purpose,
non-proprietary language such as APT or EXAPT holds distinct advantages
for the numerical control user with a variety of machine tools. The
availability of a post processor is also an important criterion when
choosing a language. Some programming languages such as ACTION Il
and SPLIT do not require a post processor but it must be remembered with
these languages that a different general processor is required for each
machine tool. Others such as GETURN have a standardized post processor
available that can be adapted very simply for use with mogt lathes.
Although numerous post processors have been written, especially for
APT, there still remains problems with their availability. Some of the
problems associated with post processors will be eliminated if standard-
ization of conirol systems and the post processor design could be achieved.
It is doubtful if the problem will ever be completely eliminated however,
because of the diversity of machine tools.

Table | gives a comparison of the languages discussed with regard
to time=sharing facilities, general purpose program etc. All the special
purpose languages are written for lathes in this case.

Thus before selecting a programming language a number of general

questions should be answered. These are:
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GENERAL  SPECIAL POST

IN-HOUSE  TIME  PURPOSE PURPOSE  PROCESSOR
LANGUAGE COMPUTER SHARING P* NP*  P* NP* -REQUIRED
APT . N . .
ADAPT * * * *
REMAPT * * - *
COMPACT I * * | | *
SPLIT * *
ACTION i * * *
CINTURN * | - * .
CHIPS * * * | *
GETURN * * *
EXAPT 2 * * *
ING . . s .
CUTS ER . .

P* = Proprietary Program

NP*=Non-Proprietary Program

Table 1 A Comparison of the Various Programming Languages



i) What is the best method of computer accessibility ?

ii) If an in-house system is used who will implement and maintain the
language ? |

iii) General purpose or special purpose language ?

iv) Is a post processor avavilqble or will a new one have to be written ?

All the languages discussed have been with relationship to turning
and thus they will be compared on this basis. The areas of comparison
are input of information , the output obtained and the ability of the
program fo handle the required operations.

Obviously with the upward spiral of wages and the downward trend
of computer costs the emphasis is on simplified input. Fixed format inputs
provide a simpler method of part programming than do free format.
Writing a part program becomes virtually filling in numbers in the
appropriate columns of a standard coding sheet.  Figure 29 shows a
comparision of a program written in both a free format and a fixed format
language. To pay for this simplicity, however, fixed format languages
lose in flexibility. They can, normally, only describe a contour in a
set way and thus adoption of a fixed format language ccguld require
redimensioning of all blueprints. Certainly it will require rigid
standardization if no calculation is to be done by the part programmer,
Most free format languages retain this flexibility, but then one could

argue as to how much flexibility is required for turning.
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The use of macros or canned cycles is an excellent innovation.
Most programming languages in the Groups Il and 11l utilize macros, in
fact one, CINTURN, is based purely and simply on macros. These have
the effect of reducing the required input by eliminating repéﬁﬂve
programming. Together with the ability to use pre=programmed macros
it is important that the programmer is able to drive the tool over the
surface. This is similar to entering the tool path as in APT. The reason
for this is to enable the machine operator to utilize the tool offsets to
correct any machining deviations,

Table Il shows the various macros available in each language and
also if it has a free or fixed format input.

It is really only the Group Il languages that give anything extra
in the way of output. They provide technological details on optimizing
the cutting conditions, the required tooling, and the required position
of the tooling. In order to fully utilize and optimize the numerically
controlled machine this information is invaluable, especially if one is
dealing with a large number of different components and materials.

The problem is, of course, ensuring that the theoretical results work in
practice. This can only be solved by continued research into metal
cutting and tool materials. It should be remembered when adopting a
Group 111 language that it may require considerable time and effort to

be spent compiling the necessary files. The technological output can
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TAPER

TURN - BORE THREAD GROOVE TURN

FREE FIXED INT.& INT.& INT.& INT.& INT.&

LANGUAGE FORMAT FORMAT EXT. EXT. EXT. EXT. EXT.

APT .
ADAPT »

REMAPT *

COMPACT I S * . 5 - )

SPLIT »

ACTION i ok | % * &

CINTURN * o * . . .
CHIPS | s s . ) P ,

GETURN . . . ] ) .

EXAPT 2 . N . \ \ .

NG . ; . . \ .

CcuTs * * * * * *

Table 11 The Various Macros Available with Each Language



only be as good as the information contained in the prepared files.

In order to ensure that the language selected will be able to
pfogrum all the required components, one must remember to project into
the future in an attempt to envisage new designs. The only two problem
areas in turning would appear to be complex contours and behind the
shoulder machining. Complex contours can be programmed utilizing
free format languages but could possibly require some involved
mathematical calculations on the part of the programmer. Behind the
shoulder machining is not usually required because most components

requiring such machining are normally machined in two operations.
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CONCLUSIONS

The selection of the correct programming language is an extremely
important function in the economic use of a numerical control machine
tool. There is no hard and fast rule as to what language is the most
suitable but the trend appears to be two fold. One way is towards the
standardization of the language base e.g. APT and a building block
approach based on this language. The other way is towards the
specialized languages such as GETURN which simplify part programming
but are restricted in application.

"It would be convenient, but highly unlikely at the present, if all
the associations, computer companies, and machine tool companies

could agree on some method of standardization of programming languages.
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