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ABSTRACT

Now days: large and small manufacturing companies own several numerically controiled (NC) lathe
machines. ‘hey are finding that NC/CNC machines can make dramatic saving possible. Certain
aspeets of NC/CNC shop operations require a high skilled operator leve] than conventional method,
So that the need to develop a computerized technology to support the adoption of these machines
and gel the maximum benefits that's offer is highly recommended. The present work aims to
develop such system that stand over the most modermn available technologies to support this task.
The svstem database is used to organize the factory data. The database hold factory lathe machines
definitton al current state tooling and the available tools and materials with the recommended
machining parameters for each machine-tool-material combinations.

1l !1\ developed system is interactive supported with a powerful graphics package (AutoCAD) which
chves the system user the ability to describe the part manufacturing process through direct
manipuiation of the part and stouk in process drawing with the aid of friendly user machining
process dialog box. The system offers as output different types of the product documentation files
these are the process plan sheet, the computer aided plan description model, and a DXF
(Drawing LExchange File) format which may be used to exchange the product information between
the CAD/CAM systems. Finally the system postprocessor is used to generate NC/CNC Code
(G-Code) Hles that are necessary to operate the predefined machines to produce the part.
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INTRODUCTION

As a result of development in computer technology and numerical control (NC) systems with
associated peripheral devices; the number of NC programming facilities and procedures has been
steadily increased  For NC programming the most important criteria is programming with/or
without computer support [U. Rembold, 1993].

Automatic or computer aided programming is done largely independent of the manufacturing
cquipment (processes oriented) and directly solved the task, which is defined in a part program. The
eeneral purpose digital computer assists the programmer in defining the operation 1o be performed
by the machine tool, in order to produce a part. Each of the parts programmer (pp) and computer do
part of the job. The main objective is to reduce the amount of effort and man — hours required by a
parts programmer in programming the job, by turning much of the details over the computer, the pp
deseribes the operations to done interactively (dialog oriented) which are interpreted by the
computer to produce instructions as a result of the requirements utilizing the part programmer
description as input. The computer adds and converts this input into the language required by the
particular NC machine for which the program is being prepared [Groover, M. P., 1989].

FThe mterconnection of CAD (Computer Aided Design) and NC programming systems is an
important - step  toward CIM  (Computer Integrated Manufacturing). The term CAD/NC
programming is used to describe the generation of work piece data for NC using CAD database
implemented by the designer. CAD/NC coupling is a CAD/CAP (Computer Aided Planning) in the
narrower sense [U. Rembold, 1993]. Here are some researches concerning the above outlined
principles of NC programming;:

Ao Adnan [2001]. developed CAM (Computer Aided Manufacturing) system to generates G-code
for ONC lathe machine on three stages. The first stage generates the necessary sub programs
tas Canned Cycles) depending mainly on the radii deference values between the part and the blank
lo machine the stock material sequentially. Second stage used to define other lathe process such as
dritling. threading, ete. the third stage compute the actual machining time. The system defines the
proper machining parameters feed, speed, ete. automatically.

A. B. Al-Hadithi {2001}, integrates CAD and CAM through the developed IFBPP
hntefligent Feature Base Process Planning). IFBPP system basically consist of two systems,
manufacturing feature knowledge-based system to extract and recognize manufacturing features
from CAD database 1o automate link between CAD and CAPP (Computer Aided Process Planning),
automated process planning knowledge based system to generate manufacturing information
represented  as process plan-sheet to automate the link between CAD and CAM. The researcher use
the hybrid approach for knowledge representation by combination of rule-based and frame-based
approaches employs comprehensive geometrical reasoning and process plan for symmetrical parts.
The IFBPP system is written using visual basic language supported by AutoCAD 2000 package.
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Fhe approaches used by the above researchers to define rotational parts machining processes on
Lathe machines can be applied successfully to very limit rang of turning feature (simple) geometry
and the extension of these approaches to include more complex parts can be considered a very
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Fig. (1) Integrating design and manufacture (present work)

* The figure did not show the interface to the CAD system.
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N PROGRAMING USING THE DEVELOPED CAD/CAM SYSTEM

v poneral. Part programming for NC production comprises the collection of all data required to
produce the part. the calculation of a tool path along which the machining operations will be
pertormied. and the arrangement of those given and calculated data in a standard format, which
could be converted to an acceptable form for a particular machine control unit (MCU)
LY. K. and Joseph, 1988]. The developed NC package works directly with the product CAD mode!
and the software include tooling data, speeds feeds, etec. It is true CAD/CAM integration see
iig. (1). On left hand side. the figure shows how the system user can interact with the developed
N Package (CAD/CAM system) to collect all required data for the task of tool path planning
apphicd on one operation each time. The operation geometrical data includes the stock material
geometry Lo be removed by a turning process which is defined through the definition of the part and
stock contours with two extra line elements to form the stock material closed area. This definition is
carried oul with the support of the predefined part and blank upper half slice geometries
iin process drawing) by the powerful graphics package AutoCAD see Fig. (2).

secand line slement
T

Iig. (3): 12-station machine turrets at setting time (TURRET object)
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Phe system database is organized to simplify the task of defining the remaining necessary
mormation (turning process data, material data. tooling data). The factory lathe drill tools, lathe
turn Llools and materials are organized in three strongly related tables (relational database). These
twols can be assembled on the machine's turrets to define the machines current state tooling see
Fig. (3). The turrets are represented as part of the machines specification data which in turn
represent the available factory lathe machines. This type of data organization, also simplify the task
ess planning o determine how the product is to be made. Thus the developed NC package 1s
a process planning activity applicable to one operation out of the sequence which may be necessary
to produce a part completely. Ideally any factory can adopt the offered central database to prototype
the avatlable lathe machines and materials through the developed database management system.

Lool and process control information detined through the special formatted process dialog box
shown i Fig, (4). The system supplies default parameters values with the support of the predefined

ol prog

CAD data and the system database. most of these data can be overridden by the system user.
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think to be considered here is that visual basic object oriented programming (OOP) languaye
wis useh i the development of the NC package object model first generation shown in figure(5).
which is a composition of several previousiy defined object models, AutoCAD ., ActiveX dala
objeet (ADQO) and the developed ACAM (Auto-CAM) object models. These objects take its
propertivs values from the system database, CAD data and/or a calculated data (i.e. tool object take
s propertics from the tools data base. polyline object can be used to represent part and/or tool path
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PROCESS GENERATION
AutoCAD (the graphics package) play a key role in the geometrical processing of the process

mformation. The following are the mainly used AutoCAD
fenelions:

— the conversion ol lines and arcs elements inte a single polyline or region
(Regions are two-dimensional enclosed areas) entities and vies versa.

Offset. «wim, copy, delete, etc. the drawing entities.

Booeican functions (intersection and subtraction of the drawing entities).

Fig. (6) shows the Main algorithms for the process generation. To find the correct offset direction
(-ve or +ve) for the part contour (polyline) a test region is created from the combination of the
original part contour end an offset one. If the result of the subtraction of this region from the part
region leads to any reduction in the part area then the tested polyline offset direction is incorrect
clse the direction is correct.

1he correct sign will be used to offset the part contour with the mount as a radius value for the stock
o leave Tor finishing processes calculated using the following formula:

(AL Teterdineh)
Offset vafue ~ Stock to leave + Finish passes = _Finish depth of cut

Maximum and minimum radii values for the offsite part and the stock contours are used to calculate
the initial estimation of the number of rough cut passes through the following formula:

7 (Millimeter/inch)
Rough passes = (maximum radius- minimum radius) ~ (Rough depth of cut)

ACAM system creates rays (Lines that extend to infinity in one direction) at the correct levels using
the rough depth of cut as a step size and cut angle as direction. The resulted points from the
intersection of these lines with the part and stock contours will be used to generate the rough cut
pusses with the leed rate speed Fig. (7). Finish cut passes is generated through multiple offsets to
the original part contour in the amount of finish cut depth with the feed rate speed. Process control
mavements (plunge. lead in. lead out and retract) are added to each cut pass with the corresponding
length, angle and speed Fig. (8).

Using the start point of the first pass as a base point for a rectangle entity; the system user will be
prompt to define the other corner point which will be used as path start point. Similar procedure is
useid to define the end point. Table (1) shows a sample of the calculated information through the
weviously defined processes that will be used to generate the tool path polyline. Fig. (9). shows the
final results of the predefined process information.
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Table (1) Sample from the tool movement's data.

Vertex coordinate coordinate T | end width***
0 10.000 60.000 0.000 | 0.000 0.000
[ 4.540 60.000 0.000 | 0.000 0.000
2 4.540 53.843 0.000 | 0.001 0.002
5 4.540 51.343 0.000 0.001 0.002
4 2.540 51.340 0.000 0.002 0.002
5 -161.290 51.340 0.000 0.001 0.002
6 2160290 53.072 0.000 | 0.000 0.002 w
-160.200 53.840 0.000 0.000 0.000
4.340 53.840 0.000 | 0.000 0.000
|
1 154 28.575 13.200 0.000 | 0.002 0.002
] 155 -28.575 15.293 0.389 0.002 0.002
[ 156 29,155 15.926 0.000 | 0.002 0.002
(157 -98.425 21.986 0.000 0.002 0.002
158 -100.070 23.632 0.000 | 0.002 0.002
159 129675 23.632 0414 | 0.002 0.002
160 -130.175 24.132 0.060 0.002 0.002
161 -130:175 47.625 0.414 | 0.002 0.002
162 -133.350 50.800 0.000 | 0.002 0.002
[ 163 -153.088 50.800 0.000 0.001 0.002
L 164 152,088 52,532 0.000 0.000 0.002
| 165 -152.988 53.300 0.000 0.000 0.000
166 -152.988 65.000 0.000 0.000 0.000
10.000

“the bulge can be in one of the following vatues {0.000, -value or +value} implies that the tool movement from the current
point o the ner - one it's (straight, CW arced or CCW arced) movement respectively.

“ihe speed/start width can be in one of the following values (0,000, 0.001 or 0.002) implies that the tool movement specd
fram the current point Lo the next one it's in (Rapid rate. Plunge rate or Feed rate) speed respectively.

“**1he compensation/end width can be in cne of the following values (0.000, 0.001 or 0.002) implies that the tool
ravament rom the current point o the next one it's with {no. tefi or right) tool nosc radius compensation.

Hhe generated polyline is an AutoCAD entity. This means that most of the editing function applied
Lo this entity it is now has a manufacturing meaning {editing the polyline means editing the process
tool path). Process data shown in the process sheet to the left of Table (2) represent the extended
data o the ool path polyline. At this stage the AutoCAD drawing document represent a process
plan sheet holding all the necessary information to manufacture the part which can be post-
processed as CAM document in the DXF file format shown in Table (2). In this table the entity
section of the DX file is shown with the polyline entity represents the process tool path and its
extended data represents the process information. Extended data are follow the normal entity data
started al group code (1001) followed by the system name (ACAM).
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Table (2) process information data files.

<perfex X=
130173
<perfex Y=
47.625
<srart width>
/AR
<end widilh>
4.002
<hulge>

(LA14213562373095]

= Application name >
ACAM

<control string =

;

<conirod string>

?f

<Fatity Description=>
Operation
<Connment>

D TURN-
ROUGH&E FINISH
S{perativine

fi

<cantrol string>

/
[

=Group code>
Data value

1

-130.175

20

47.625

40

0.002

41

0.002

42
0.4142135623730951

1061
ACAM
1002

{

1002

{

1000
Operation
1000

OD TURN-
ROUGH& FINISH
1070

o

1002

/

- <data d sériptioh_
' possibilities of

<entity type>
Operation, part or stock

<turn operations, face operations>
(0,1,20r3),(4,5,60r7)




bnrormaiion Stored |

5k I

PRSI ISR R A
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sCanirol siring>

t

<faol Classy>

{

“Tool Type>

luthie

ool Material Type=
f

Tl Tip Rudins>
.

ool Width=

LT

<Front Angle>

3

“Rack Angle>

&3

<Curve Tolerance>
(47

~Fip or Center=

-7

~ Aol Orientation>

CMCdes of hiserr
“canirol string>

¢
i

H
1070
/]
1000
lathe
1070
7
T040
.+
040
12,7
1070
5
16070
85
1040
0.0r
1070
i
1070
/
1070
J
1002

4
7

<lathe tools, drill tools>

(0-4). (0-8)

<tool type=

Lathe or driil

< (HS8S, Carbide, TIC/TIN CC, CoHSS,
TIC/TIN CHSS, Ce., D, or T)> (0-7)

<tip or centre>

(-1 or Oy

<turn tools, groove tools>
(0-7), (20-27)

301



/ /
Sdureet Number= 1076
i ¢
<A ength Offset> 1070
! !
<Diameter Offset> 1070
/ 7
i <fip Radius> 1040
5 i+ 0.4
? “liderior Diameter> 1040
| & P33 127
b A RrCilation 070
L /
= lronr Angle> 1079
w4 5
= <Buck Angle> 10740
AT B &5
2 <tlearance Angle> 1070
- i !
o s Nides of Tuserrs 1976
_ -4 4
Z <Material> 1070 < (HSS, Carbide, TIC/TIN CC, CoHSS,
= i 1 TIC/TIN CHSS, Ce., D, or T)> (0-7)
E ootant> 1078 <Off, Flood, Mist, and FLP, FHP, TLP,
i i THE>(0, 1,23, 4,756,573
<Roughing Depth of Cut> 1040
3 20
<tinish Deptlt of Cur> 1040
fi.2 0.2
! “Cueoe Tolerance> f044
| il 0.01
i “Surface Clearance in X> 40
t], 20y 025
<Susfuce Clearance in 7> 1040
(125 5
ool Chip load= 10440
.13 g.15
<Tip/Center> 1070 <tip or centre>
i g (-1 or 0}
Swndrol siring=> foag2
i / /

Number 2

Volume 11 June 2005
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Table (2) process information data files (continued).

~ciak el .SH'."H‘{,’?

<ol Reference Number>
i

< omnnent=

CNMG43IB O.4mm OD
FACE/TURN 80Deg

< Taol Number>

b2
{
1074
i/,
1000

CNMG43 1B 0.4mm OD
FACE/TURN 80Deg
1070

302
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=Control string> 1002
i T
! @
<Mut, Reference Number> 1070
/ {
<Lragram Number> 1070
[ i g
“Neguence Numnber> 1970
i g
= Iuol Number= 1076
i I
“Hood Length Offser> 1071
i /
<toul Digmerer Offser= 1074
/ {
<Aool Work Offser> 1070
g 54
<(rigin X> 1010
1 0.0
<origin Y= 1020
R 0.0
’: <Origin £ 16030
Z <Turrel Numbers 1074
e 0
S wCnotant Type= 1070 <Off, Flood, Mist, and FLP, FHP, TLP,
SO / THP>(0,1,2.3,4,5,6,7)
= <Spindte Speed> Fo4¢
PR 208.0
<Speed Unity> 1070 <RPM or C88>
i 1/ (Oorl)
SNevolugion Dir> 1070 <CW or CCW=
i 1 {Qorl)
<MAX RPM> 1070
| 1ty 1000
! <Feed Rate> 1040
! by 312
<Plunge Rate> 1040
Ji6 1506
<feed Units> 1070 <feed per minute or feed per revolution>
i ' ] Oorl)
i niry= 1070 <imperiai or metric>
/ 7 (Oor1y
“Carpensation™ 070 <none, ACAM, control or both=>
2 2 {0, 1,20r3)
<control steings 1002
14 I
<ceartrof string= 1002
7 i
/ i

(s
fon]
8]
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RLSLELTS

Pho ACANM soltware was written using the Visual BASIC OOP language augmented by ActiveX,
which provides very tight integration with AutoCAD. ACAM and AutoCAD both run .nside
Microsoll Windows (32-bit version). The Windows environment provides the tools needed to
cranipulate the files that are generated as a result of running ACAM; Atfier ACAM creales the text
Hies contining the process plan sheet, Extended DXF and NC/CNC program. Fig. (10) shows the
main windows for the NC package the graphics package (AutoCAD) to the right of the figure with
the AP deseription model of the turned part described in the previous section, to the left is the
application program (ACAM) with the three documents described above. ACAM can be started
from within AutoCAD. The final goal of ACAM is to transform graphic information in a drawing
1110 an NC/CNC code file. The NC/CNC code file is a texi file that can be viewed and changed in
the word processor or the text editor.

Entily Dlezenpin

LR VTS

Fig. (10) Main screen of the NC Package

CTINTLPBIONS

- Backup CAM system with a powerful graphics package made the system user know what is
coine onoand helps him to manipulate directly the CAP description model through its graphic
piclure.

2- he decomposing task of the stock material area to be removed by machining processes is a
critical task, so that the definition of flexible way like the developed one to identify these arcas
purely and correetly made this task easer to be done and eliminate ambiguity resulted from the
definition of insulficient geometrical information.

Polvline entity represents a powerful geometrical entity to hold such information like a
iaous tool path cutting movements. It is easy to generate, edit and extracts the needed

oy erent’s information. Also the use of polyline to represents the part and stock geometries

have the benefit that 1s guarantee the elements end points are actually match but its weakness

i
'
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have the benefit that is guarantee the elements end points are actually match but its weakness
voncentrated i the ability to hold geometrical information for spline curves in spit of it can be
used to hold the controt points for such geometrical entities. .

+- Relational database can be used ideally to reflect the CIM principle. Since it facilitate (accessed
and manipulate) thes proving of applications programs. As example machine-tools relationship is
one Lo many relationships identifying the machine gives the ability to retrieve the machine
information as well as the tools information that were associated with it.

5- T'he proper documentation for the defined manufacturing processes play a key role to create a
unificd manufacturing document that can be exchanged between different CADCAM s system
alsoritcan be used for future addition or modification of a manufacturing process in other wards
the direct conversion (concrete integration) from CAD drawing to NC/CNC programs without
taken into consideration the importance of CAD and/ CAM systems interfaces leads to g0 back
to the carly days of the NC machine program blue print.

- Lhe DXT file format can be used to exchange a manufacturing data as well as the ¢ geometrical
data that is necessary to produce the parts that can be described purely in such file format
{wire trme geometrical model).
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