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ABSTRACT

In the late 1980's and carly 1990‘s, use of CAD/CAM and computer graphics in both
ferrous and non-ferrous foundries increased considerably. An interactive computer system has

been developed using an Autocad software as a base for this system. Several routines have

been used to utilize the geometrical data, surface area and volume of the product drawn by the
Autocad techniques. A pattern model was built and splitted at parting surface to show parts of

casting in the cope and drag. It can also be viewed ffom any direction to check the facility of

withdrawing the pattern from the molding sand. The system results in a complete planning

sheet that include casting weight, core prints, flask, gating and riser dimensions. The results

can be saved for any modification and new results can simultaneously be found. Some case

studies were descnibed and presented.
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INTRODUCTION

In recent years much efforts have been devoted to introduce the CAD systems as a
basis technology and teols for many engineering applications, a few of these effosts have been
directed to foundry applications [ 1 - 6 ). Although considerable success has been obtained,
many difficulties are not yet resolved. Some approaches are costly to implement and require
the use oflarge main frame computers. Other researchers have concentrated on modeling of
fluid flow of liquid metal in casting. [ 7, 8 ]. Others worked on simulation and modeling of
the solidification process or the mold filling process [ 9, 10 ]. More related works for riser
calculation has been presented by Ruddle etat [11]. Ajmal & Dale [12] have presented a
microcomputer pragram to estimate the total casting weight by usimg more than twenty
options for basic shapes. The dimensions of each basic shape hasto be entered into the
computer which is rather difficult and lengthy. However, most previous efforts have focused
on either fluid flow or solidification and no complete pachge has been presented to meet the
need for both foundry and design engineers.

This paper introduces an easy and isteractive software system based on using
Autocad facility to be used in both design and production stages. Topics to be discussed
include (i) The use of Autocad to draw and split the patten and to calculate the surface area
and volume of the casting. (ii) The development of software program that utilizes the area
and volume calculations, and in addition, theoretical and empirical relations of the given
casting material to find the mold, core, gating and riser dimensions.

SYSTEM DESCRIPTION

The foundry CAD system consists of two files " Casting.exe and Casting.hlp “, and
one module. Casting.exe is the executable file of the mam program. It's size is about 83
kbytes . The main program has been written in Basic ( Microsoft Visual Basic Package). It has
to be run under Windows. The program is driven by menus and controllers ( command
buttons, option buttons, list boxes, .... etc. ). Casting.hlp isthe help file. It contains help
about every detail. It also uses the facilities of the Windows help files in searching, branchmg,
retuming back, ... etc. ]

In Autocad the AutoLISP language, which is an implementation of LISP within
Autocad, has been used to retrieve and manipuiate the drawing data from the drawing daté
base. The commands to access the Autocad program have been established by adding them to
submenus which can be called from the main program.
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System Menus Design

Figure 1 shows the system menus diagram The openmg program screen includes four
menus. Each of them may be activated by clicking it with the mouse or pressing Alt. + the
underlined letter . The menu elements may be activated by the same technique. Each menu
element has a special subroutine to accomplish an assigned task when activated.

Program Procedure

Figure 2 shows the main program flowchart. The running procedure is as follows :
When the program starts the screen is displayed as shown in Fig.3. At this point the user has
two choices , i~ Make design for a new casting "new run" or , ii- Retrieve data from previous
saved run.

To retrieve data activate the "File” menu then choose "Open"” ; a dialogue box is
displayed. The user chooses the required file and press ” OK" then the program automatically
displays the data from the chosen file. The user now can edit any of these data by activating
the "Edit" menu and select the required item from it.

The program extracts some data from the database built-in, it depending on the
chosen material, casting volume, casting dimensions. These data include material density,
gating ratio, standard flask dimensions, ... etc. The program then calculates the casting
weight and cope and drag dimensions. The cofe prints are then chosen depeading on the core
diameter, length and position according to the core print standards [7]. The riser volume is
also estimated according to Adams and Taylors fornmlas {10]. It is assumed that the riser is
open and the ratio between it's length and diameter equal 1 :1 . These assumptions may be
chasged by the user to update the system The ingate diameter is calculated according to the
fluid mechanics formulas [7). The runner and sprue diameters are calculzted as a ratio of the
ingate area. The volume of pouring cup is also calculated.

The results are displayed on the screens. If the results are accepted the user can save
them or end the run. If not, the user can retwin back to the design variables of Edit menu to
suit his requirements.

To make a new design process, the user chooses "New" from “File" menu or "Start"
from "Run” menu. The material screen is opened and the user can choose the material to be
cast, the castng name and serial number. The material screen is shown in Fig.4. As the
geometry selection element is evoked from the Edit menu, the program runs the CASTCAD
module to draw anew job to be casted. The CASTCAD module flow chart is shown in Fig.
5. The procedure is as follows :

i- The user begins by drawing the casting, or open it, if it was drawn before. If the drawing is
not accepted the user can edit it using the AUTOCAD editing tools. This editing process is
repeated until the drawing is accepted.
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ii- The program asks the user if there is any holes in the drawing. If the answer is yes
the program separates the drawing entities and asks the user to select them Holes with
diameters less than 15 mm will be preferred to be rather machined than cored. The program
then resolidifies the casting drawing. I the answer is no; the control goes to step ii.

iii- The program calculates the volume, surface area and overall dimensions of the

casting, in addition to the diameters and lengths of the holes.

iv- The user is asked to select the parting saxface by definmng which plane it is parailel
to XY, ZX, or YZ planes and choosing & point on this plane. The program then gets the
position of the holes with respect to the parting surface. The drawing is then cut into two
parts and the user is asked to choose the part in the drag. The other part will be considered
automatically in the cope. The overall dimensions of both parts are calculated.

The user exits AUTOCAD to pomt "B” shown in the flowchart of Fig.2. To save the
casting data "Save" is chosen from the "File” menu. The select file dialogue box, will be
opened so the user can enter the file name and path. Choosing "Print" from the "File" menu
will send all results to the attached printer. To stop a run without exiting the program select
"Stop” from the “Run” menu and to exit the program choose "Exit” from the “File" menu.

Figure 6 shows the "Help” menu and it's elements. Selecting "Contents® from this
memu will open the contents screen, shown i Fig.7.

It should be mentioned that in selecting many of the commands will cause several
prompts from the program inquiring about the casting features; (thickness coefficient, friction
coefficient, gating type, riser diameter to height ratio .....). The reply to most of these features
can be done using a mouse or a digitizer. Modification can be camed out when necessary,
until the optimized results can be obtained. In the process of answering the feature value the
user has two options :

1- Totally dependent on the program, by making the algorithm selects the values
using the casting geometry data,

2- The user has the freedom to select any other values. The experienced users can
freely mput their own values.

Two case studies are presented. Figure 8 shows a bearing bracket made of cast iron.
The parting surfice was chosen to divide the casting as shown in Fig.9 into two parts in drag
& cope. Holes less than 15 mm will be drilled so we have anly one vertical core. Figure 10,a-d
shows different screens for the required results. Figures 11 - 13 shows the editing screens for
gating , riser and core respectively. Figure 14 shows the other case study for a casting made of
steel without any cores. This casting will be casted completely in the drag . Figure 15,2~ ¢
shows different screens for this casting,
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CONCLUSIONS

A comprehensive foundry CAD system has been developed that can design riser,
gating and mold for wide variety of casting metals and cross sections providing low cost, fast
and accurate method.

Most of the geometrical sophisticated shapes can be treated with this program. The
results of this System have shown good ability to mteract with both foundry and design
engineers and the resulting flexibility greatly emhances the mndustrial applications of the
system. It reduces the amount of work that is nonmally required when the mold design is
carried manually, and is particularly suitable for use with microcomputers.

Automating the process of mold design will lead all users to the same design details
regardless their skills or experiences. The system also allows the users to modify their designs
according to the most recent researches on design parameters or material specifications. This
is eagily done through the " Edit * menu and " Edit " screens.
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SERIAL NUMBER BB-114
THE DIMENSIONS OF MOULD ARE

Flask Langth = 100 mn
Flask Width = 250 mm
Cape Haights 1ae mn
Drag Haight ~ 1ae mx

Fig (10~ a ) Resulty Screen No.1

Casting Volume - 17254 emd
Casting Wuaight= 132 kg

Sand Waight- 248 kg
Sand Yolume = 14631 emi
Sand / Metal Ralia 2053

Fig. (10 - ¢ } Resufts Screen No. 3

-

Risar Voiume = $4.1 cm)
Rizer Diameter - LER mm
Pouting Cup Valume ~ 224. cml
ingate Diameter = 1828 mm
Auarer Diamalar = 15.2% mm
Down Spive Diamatus = 29 mm

Fig (10- b ) Resuls Screen No.2
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Fig. 14
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Casting Name Case Study 2
SERIAL NUMBER DB-111

THE DIMENSIONS OF MOULD ARE

Flask Longth = 0o mm
Flask Width » 250 mm
Cope Height= 0 mmn
Omg Height = 150 mm

Cuasting Vaiume «
Casling Waight=
Sand Weight=
Sand Volume =

Send / Mstal Ratio

180.50  oml
1.45 kg

3258 kg
$4011.03  om3
1835

Fig. (15 - ¢ ) Resutts Screen No.3
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