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ABSTRACT .

Fgrt programming involves the planning and specifications of the
sequence of processing steps to be performed on the NC. [t also
in«olves , although less directly , the preparatrion of the input
medium by which the processing instructions are communicated to the
mgchine. Manual part programmer spends a substantial amount of time
preparing a part program. Usually using a number of sketches or
drawings , derived from a design drawing , to describe raw material
size , intermediate operation size and tool path. Every change of
direction , intersection or blend point , requires time consuming and
error prane calculatiocns. Our previous wark AUTOBMC system which
generates. automatic NC programs overcomes the NC manual programming
problems. The work in hand , illustrates a comparative study between
manual! and Computer-Aided Part Programming (CAPP) with special
reference to the economic point aof view. This CAPP is the actual
result from an integration system , the benefits af that are great ,
since data for each application does not have to be reentered , costly
redefinition and reformating are eliminated. The investigation of this
work has shown not less than 95% saving in time which in reality leads
to a great saving in the total cost expanditure and no doubt more
benefits should be expected i.e productivity , quality , etc.Thus one
can say that fully integration for the Computer-Aided Engineering
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INTRODUCTION

A part programmer studies the part drawing and the process chart and
then prepares the control program on a standard form in the specified
format. He spends a substantial amount of sketches or drawings ¢
derived from a design drawing , to describe raw material size ,
intermediate operation size and tool path. Every change of direction ,
intersection or blend point , requires time consuming and error prone
calculations. The handwritten part program is prepared in a maching’
code peculiar to the.particular machine tool and control system
combination. Because the part program comprises a listing of letters
and numbers , it is difficult to review. Therefore , there is further
risk of mistakes arising from using the handwritten part program.
Limitations of manual part programming can be summarized as : heavy
use of man power resources , serious loss of machine productivity and
the skill of the production engineer are not used effectivelly.
Changes bave occured over the years however to make the task of the
manual part programmer less difficult. One of the very recent
techniques is the AUTOGMC system developed'by El-midany and El-baz [11
, which considered as a new approach for the industry. The developed
system besides overcomming the manual programming problems , it is an
automatic NC program for any profile component , the ability and
flexbility of its higher performance are illustrated clearly through
the complicated profiles components.

THE INTEGRATIUN CONCEPT IN CAE

Computer—Aided Engineering (CAE) can be defined as the integration of
computer—aided design , analysis and manufacturing. This integration
is used to improve manufacturing productivity in the industry. NMNeeds
and pressures in state-of—-the art technologies , economics , human
limitations y design and manufacturing complexity v camputer
developments and competition from abroad , serve to complicate the
ability to meet this needs. The key to implement CAE is one integrated
databases. The major problem in a system of linked databases is in the
area of modifications , where changes in one database need to he
automatically reflected in the other linked databases. This is clearly
impossible when data is being converted from one database format to
another database format and no connection is maintained in the data
base. CIM is another abbreviation which has recently came into use. It

standards for computer integrated manufacturing and means ther
integration by using computers in varius manufacturing areas such as
NC , process planning , inspection , tools , and fixtures design , 4

gtc. Currant production systems depends heavily on intermediate stages
of human intervention , including design conceptualization , decision
making data communication , report documentation , etc. which if
computer assisted can be efficient. If not so aided , then these
stages as well as other mannedactivities become manpower intensive and
tedius works. Such activites are usually relatively slow and
economically inefficient when compared to the automated and/or
computerised components of the operation. The benefits of integration
are great. Since data for each application does not have to be re-—
enterad , costly redifinition and reformatting are eliminatead.
Transcription errcrs are abbreviated as are lead times. Since the
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information is more accurate , product quality and reliability are
inhansed integration improves the communications between manufacturing
and engineering arganisations. The useefulness of the CAD/CAM data
base as CIM integrator is further enhanced if the data base is
intelligent. For example a change in the product model which consider
the heart of the CAD/CAM data base El-midany (2] should be reflected
in other applications such as the manufacturing data required for NC
machines.

PROBLEMS WITH MANUAL PROGRAMMING

1. Drawing both the required outline and the tool path of the machined
part according to its radius by the traditional graphic metnod.

2. Analysis the drawing part into straight lines and arcs.

3. Determinethe tangential points between each sequental drawing
aelements.

4. The arcs which are fgund in more than one quadrant 90 must be
subdivided into more than one arc , each subarc must not exceed one
quadrant.

3. The straight line is determined by the coordinates of the initial
and final points.

6. Each arc determined by the coordinates of the initial and final
point and the coordinate of its centers.

7. With respect to the arcs , they are used more complicated analysis,
the distance between the initial point and the center of each arc,
alonge both X and Y axis must be calculated.

B. To ensure continous tool path. It is necessary to know the
direction of the arc to be suitable with the desired machining
sequence aperation.

7. As the geometry of the workpiece needs separate cutting in certain
position. The tool must do rapid return and the required position
moves under the tool to complete the required cutting. Figure 1
illustrates the complete processing aperations for the part
drawing.

COMPUTER ASSISTED PART PROGRAMMING

Most parts machined on NC systems are cansiderably more complex.In the
more complicated coaontouring applications , manual part programming
becomes an extremely tedius task and subject to errors.In these
instances it is much mere appropriate to employ the high-speed digital
camputer to assist in the programming process. This trend began in the
late 1950°s with the development of the APT , many innovations have
been made in NC languages and NC programming. Among these are the use
of interactive graphics. Further innovations have been made in NC
programming using the idea of interactive graphics. These innovations
used ditferent interactive araphic systems with other different
programs. The main features of these innovations that the NC part
Praogrammer was the heart of these systms and they need a high
praofissional NC part praogrammer. So, with the tremendous advances mads
in NC pragramming over the last decades , it was not difficult to
imagin that the entire logic of the part pragramming process will not
be caputeured and feed to the computer. This would permit NC
pragramming to be accomplished completly and automaicalliy hy “he
computer without human ass:stance.
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Fig 1. Processes required for asnalysing the part drawing.
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AUTOMATIC GENERATION OF NC PROGRAMS FOR MILLING COMPONENTS

The developed AUTOGMC system [1] translates the exisiting information
on the workpiece which previously drawn by the aid of AUTOCAD into
data which can be used by dBASEIV to generate the complete commands
for machining the workpiece. These functions include tool path , data
ordering , operation sequence , miscellaneous and preparatory machine
functions , as well as validation of the tooling process. The
following examples f{(complete NC part programs for two different
components) as illustrated in Figures 2&3 have been selected from
different profilled components to show the complicity of the profile
cantour in case of milling. Figure 3 illustrates an ellipitical
cantour. Ellipses considered to be the most complicated profiles to
produce on the NC milling machina. It is extremly difficult {o prepare
the NC part program by manual method , because it is necessary to
divide the ellipse into a number of equiangular arcs. The problem is
presented 1in calculating the coordinates of each arc and its centers
and it should be noted that a curve drawn around , ar inside , an
ellipse and a constant distance from it , by manual method , is not
itself an ellipse, Puckle and Arrowsmith [3] , and it cannot ,
therefore be used to define the path of the cutter center. This needs
mathematical calculations to define the proper points required. Now ,
by the aid of AUTOGMC system [1) , it is easy to draw the ellipse .,
the cutter path and using the command "explode” to replace the ellipce
to the simple entities f{arcs). Then the user can complete the
procaedure to extract the NC program as hawn in Figure 3.b.

JUSTIFICATION

The justification required for investment in AUTOGMC is best
demonestrated by executing the part drawing shown in Figure 1. by the
manual programming and by using AUTOGMC. This camparison is clearly
appeared in the following , see Table 1.

Time in min

Praocess
Manual ALTOGMC
. To develop the required drawing 120 10
. Prapare %the NC part program 180 2
- Check & edit % ef+grt 20 -
.Total manhour/part T390 12

From the above table the saving in the pracessing time is almost 953
which considered to be a tremendous acheivment. It is very clear to
the production engineering sector that the turnover of the system
would be great even if the ential axpanditure is vary high.
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Fig 2.b Complete program list for the part drawing

shown in g 2.a.
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Fig 3.2 Example 2,
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CONCLUSION

Part programmers are hard to find and hard to train. It often takes
24 , even 500 hours to prepare the part program for a component to be
produced on the NC machine tool. One af the important gquestions to be
asked to the NC user does this not limit the number of machine tools
which <can be purchased to increase machining productivity. Saving of
processing time and total cost resulted from the automatic generation
of the NC programs are very promoted., Qur future goal is to design our
own interface terminal to use any PC’s computer directly with the
machine tool control unit to feed the NC data directly to be excuted
an the machine tool.
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