SECTION V

COMPUTER-ASSISTED PART PROGRA MMING

C onsider the steps involved in manually making a tape to machine the PLATE
PART NO 050117 (Example No. 7 in Section IV):

’ 1. Identify the lines and circles on the workpiece by labeling them.

2. Construct the cutter path. The cutter path is offset from the
workpiece by a distance equal to the cutter radius. The tape
will consist of eleven blocks of information, each defining a
linear move or a quadrant of circular motion,

3. Calculate the required dimensions for each move, Note the
tedious trigonometry required,

4. List these dimensions sequentially to define the cutter location
path.

9. Convert these dimensions into the format required by the
control system, adding instructions such as feedrates and
machine functions (coolant/on, spindle /on, etec. ).

6. Punch the paper tape containing the above information.

Thus, besides a knowledge of machining practice, the manual part programmer
requires a high level of proficiency in basic mathematics together with the
ability to solve complex trigonometric problems repetitively without making
any errors.

Computer-assisted part programming shifts much of the difficult, repetitive,
and exacting requirements of the job to the computer with the result that more
I people can become good part programmers,

I Computer-assisted programming is available by using either in-house computer
processing, service bureaus, or remote-access time sharing.

1. In-house processing: If computer time is readily available, an in-
house computer provides the most economical method of developing
program tapes. Unfortunately, few installations can support the cost
of a computer facility for N/C programming alone; therefore the com-
puter is used for payroll, accounting, inventory, engineering
computations and other functions as well. Because N/C part program-
ming has to wait its turn in the input queue line, turnaround time can
become excessive. Since the generation of a useful program can take

two or three debugging runs, it is very desirable that the part program-
mer have immediate access to the results of each run.
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Service bureaus: Utilizing the expertise and computer facilities of a

service house relieves the N/C user of the hardware and personnel
costs that may only be required on a part-time basis. Many service
organizations will prepare program tapes working directly from
workpiece drawings. The overall job may even include fixture de-
sign and tool specification. The key. to a successful user-service
bureau relationship is how revisions are handled: corrections in

input part specifications, program modifications required for optimum
performance, etc,

Remote-access time sharing: Time sharing offers direct access to

a computer through data terminal - telephone line hookup. The user
pays only for the time that he actually uses. A part program is
transmitted to a time-shared computer in which a N/C master program
resides, the computer generates the required information and trans-
mits it back to the line printer-tape punch in the user's plant, The
whole process from input part program to debugged tape for a
reasonably complex part may take less than an hour. Several time
sharing services are available., Table 5-1 lists the parameters and
specifications of several time shared systems.
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5.1 FUNDAMENTAL OF APT

The most powerful, comprehensive, and universal N/C processor is APT
(Automatically Programmed Tools). APT is a language consisting of about
400 words, readily understandable to designers, process engineers, mathema-
ticians, and part programmers, that enables a series of statements to be
written which converts dimensional information contained on a drawing or
sketch of the part to be machined into the data necessary to enable a particular
machine tool and control system to machine the part. The part programmer
does this by describing surfaces and a cutting tool, and then directing the tool

to move through space along the intersections described by combinations of
these surfaces.

The APT system can be considered by the programmer to be simulating an
ideal N/C machine, one which:

1. Always holds the workpiece stationary and moveé the tool.
2. Responds to both incremental and absolute commands.

3. Has unlimited travel available in from 1 to 5 axes.

4. Will accommodate any size and configuration tool,

9. Understands all about planes, spheres, cylinders, hyperbolic
paraboloids, and other geometric surfaces and the need to
move the tool within tolerance at all times.

6. Can add, subtract, multiply, divide, find sines, cosines, etc,
7. Has the ability to fit smooth curves from points in space.

8. Allows the programmer to describe a plan of action, which is
used several times in the program, involving a sequenced set
of instructions, within which a few parameters vary, to assign
a name to this plan, listing the undetermined variables, and
then at some later time in the program, call for the plan to be

implemented, each time supplying the specific values to be used
for the parameters.

9. Can reread and modify a set of program statements many times,
if desired, applying progressive transformation.

10. Can automatically clean out a POCKET defined by its boundary
lines,

11.  Can rotate and transform the machine tool coordinate system

with respect to the part program coordinate system.




12. Can simply define point patterns such as bolt circles, rows of holes,

13. Can replace fixed APT vocabulary words with synonyms more con-
veniently used by the part programmer.

14. Can "talk back" to the programmer if given an irrational command
or misspelled word, diagnosing the error.

15. Knows all about the punched tape formats and codes, table limits,
slide dynamics, etc., of the particular machine tool controller
being used.

The types of statements which can be written in APT can be categorized as
follows:

1. Geometric definitions

2. Tool definition and motion statements
3. Machine tool functions

4. Computer system commands

These statements are put together in a logical sequence so as to describe the
geometric surfaces which make up the desired part, direct a tool to move
around these surfaces in the desired path, activate the various machine tool
functions at appropriate points in the machining sequence, and call for special
action on the part of the computer, such as the printing of certain information.
For example, consider the programming of the PLATE, PARTNO 05117 using
APT,

1. Standard APT words LINE, CIRCLE, RADIUS, GOFWD, POINT
can be abbreviated as LN, CR, RA, GF and PT respectively by
using a synonum statement. The synonym statements used
throughout this section are:

00110 MACHIN / BRDGPT, 20

00120 SYN / AA,ATANGL, CA,CANON , CN,CENTER, CR,CIRCLE, $
00130 CU,CUTTER, CY,CYLNDR, DN,D@WN , FD,FEDRAT, $
00140 GB, GIBACK, GD,GODLTA, GF,GOFWD , GL,GOLFT , §
00150 GR,G#RGT , GT,G6T# , 18,INTOF , IP,INDIRP, &
00160 1V, INDIRV, LE,LENGTH, LN,LINE , LT,LBADTL, $
00170 MA,MATRIX, MC,MACR® , 0B,@BTAIN, PL,PLANE , $
00180 PN,P@SITN, PP,PERPTE, PR,PARLEL, PT,PBINT , $
00150 qL,QUILL , RA,RADIUS, SP,SPINDL, TC,TABCYL, $
00200 TK, THICK , TL,TLLFT , TN,TLeN , TR,TLRGT , $
00210 TT,TANT® , TX,TLAXIS, VE,VECT@R, xL,XLARGE, $
00220 xS, XSMALL, YL,YLARGE, YS,YSMALL, ZL,ZLARGE, $
00230 7S, ZSMALL '
00240 PX = VE /1, 0, O

00250 MX = VE /-1, 0, O

00260 PY = VE/ 0, 1, O

00270 MY = VE / 0,-1, O

00280 Pz = VE / 0, 0, 1!

00250 Mz = VE / 0, O,-I

00300 F1 = 100




2. The geometry of the part is listed first using various APT
geometric definitions, examples of which are shown below.

L1=LN/XAXIS
L2=LN/(PT /7.2, 0), AA, 120
L3=LN/@®T /0,4), AA, 30
L4=LN/YAXIS

C1=CR/YL, L1,XS,L2,RA,.75
C2=CR/XS,L2,YS,L3,RA,.75
C3=CR/YS,L3,XL,14,RA, .75
C4=CR/XL,L4,YL,L1,RA,.75
TRAM=PT /-1,-.25
PXY=PL/0,0,1,0

3. The next step is to drive the tool around the part. This is
done with APT motion statements:

CUTTER/.5$$CUTTER DIAMETER-. 5
FROM/TRAM $$ INITIALIZE CUTTER LOCATION
GO/L4,PXY,L1$$ POSITION TOOL ON PART SURFACE
FD/. 003
TR,GF/L1 $$ ESTABLISH RELATIONSHIP OF
$$ TOOL TO PART AND THE DIRECTION
$$ OF MOTION ALONG INITIAL DRIVE SURFACE
GF/C1 $$ DRIVE TOOL AROUND PART
GF/L2
GF/C2
GF/L3
GF/C3
GF/L4
GF/C4,TT,L1
FINI $$ END OF PART PROGRAM

4. APT geometry and motion statements like those in the sample
prbgram enable the APT system to define the cutter path mathemati-
cally. The output of APT is the series of computed cutter locations
known as the CLTAPE, The CLTAPE also contains Machine Tool
Function statements that are not acted on by the APT general proces-
sor, but are passed on to a subprogram called a POSTPROCESSOR.
The postprocessor contains the characteristics of a specific machine
tool/controller. As such it performs all the computer operations
necessary to convert the cutter path location and machine tool function
instructions derived off the CLTAPE into the proper code format re-
quired by the particular machine tool /controller. The postprocessor
subprogram must account for the fact that each unique machine
tool/controller has its own language capabilities, and restrictions.
As a result, different postprocessors may interpret the same APT
machine tool function statement in a variety of ways. Examples of
postprocessor words used by the BRDGPT postprocessor are:




PARTNO PLATE 050117
provides a heading for the part program and causes a man
readable leader to be punched out on tape.

MACHIN /BRDGPT, 20
tells the APT system which postprocessor is to be used.

TOOLNO /1001, MILL,.5,0,2
defines tool parameters that are used by the postprocessor.

LOADTL /1001
describes what tool is to be loaded in the spindle,

SPINDL/SFM, 115
defines the spindle speed as 115 surface feet per minute,

FEDRAT/. 003
sets the control in the milling mode with a feedrate of . 003
inches/revolution/flute (chip load per tooth).

FINI
ends the part program. The tool and tape will automatically
move back to the startpoint,

The process of developing an N/C tape using APT/ADAPT is as follows (see
Figure 5-1);

1. The part programmer, after examining the part design, writes
a set of APT/ADAPT statements called the part program. This
defines all the part surfaces, the motion commands necessary
to direct the tool-path and the auxiliary machine control instruc-
tions. He also writes up the setup and operating procedures for
the part.

2, A typist converts the part program manuscript into the input
media acceptable to the computer,

3. The program is run through the computer. The computer printout
includes APT motion output data, machine control instructions for
the operator and error diagnostics, if any. If errors have occurred,
the part programmer modifies the part program and re-submits it
to the computer. A successful run is evident when the program has
passed through the four sections of APT processing defined in
paragraph 5.2,

5-7




PART DESIGN MACHINABILITY
DATA

PART PROGRAMMER .__]
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'~ PART PROGRAM
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Figure 5-1., Typical N/C Operation Sequence Flow Chart
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4, The program paper tape is tried out on the machine (or on a visual
display device such as a cathode ray tube or a plotting machine),
Additional part program modifications (such as feedrate changes,
cutter path revisions) may be made,

5. The punched paper tape is now ready for the production run.

APT viewed as a computer system is very large and complex; therefore it re-
quires large scale computers for its implementation. Implemenations of the
APT system exist on the following large scale computers: Control Data
6400/6600, Univac 1108, IBM 360/50, GE 635, The major functions of the
system are:

1. Language translation

2  Establishment of a geometric environment
3. Cutter position calculation

4. Postprocessing

9. Diagnostics

The language translation function reduces complex APT statements to a simple
string of elementary commands according to rules of grammar and the meanings
of key APT vocabulary words (there are over 400 APT vocabulary words), The
elementary commands are interpreted one-by-one and control the other system
functions.

A geometric environment is created through the use of a standard data base re-
presentation of the familiar curves and surfaces - lines, planes, circles,
ellipsoids, etc., which a part programmer can define using the APT language.
The programmer presents his information in the form most convenient to him,
and the system dutifully performs the necessary geometric constructions and
coordinate system transformations (for auxiliary reference frames in an en-
gineering drawing) to reduce the data to the standard base. For example, a
point defined as the intersection of two lines is represented in canonical form
by its coordinates. A circle through three points is reduced by calculation to
its center point, its axis vector and radius.

The geometric environment also provides a means for defining surfaces para-
metrically. In this type of definition, the part programmer must supply the
equations for the surface and not just constants for equations already in the
system. This method of surface definition is extremely powerful, since every
surface can be defined parametrically.

The most complex function of the APT system is the calculation of cutter position.

The system not only handles the approximations of two plane curves on a machine
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with contouring controls, but also can control simultaneously X, Y, Z and two
rotary axes (slides). The computational methods employed are ingenious and
require a high speed computer. Successive cutter positions are represented by
their X-Y-Z coordinates and direction cosines of the tool axis.

Postprocessing is the last major function performed by APT, It is the function
that tailors the general form of the cutter location data to the particular
machine tool being used. Checks are made to ensure that machine limitations
are not exceeded and that the machine will dynamically perform the requested
commands, Postprocessor output is a representation of the detailed signals
required by the machine controller, both readable by the operator (a listing)
and readable by the machine (the punched tape).

All APT system functions have built-in diagnostic processes to detect errors
made by the programmer. These may be errors in syntax, geometric errors,
or attempts to move the tool in an illegal or impossible manner., As a further
check on accuracy, a list of all cutter positions may be requested. The list can
be scanned by the programmer for obvious errors, or automatically graphed
with a digital plotter before attempting to operate the machine tool.
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