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(57) ABSTRACT

A method and a system for casting using simulation of casting
process. The system includes at least a database (130) which
is relational type and contains a set of tables and relations
linking them, a receiving module (110) of orders and a cast
designs searching module (120) connected to the database
(130) and the receiving module (110). The cast designs
searching module (120) is used for determining initial search-
ing criteria and for searching in the database (130) using the
initial searching criteria in order to get a list of designs, from
which every design constitutes information set defining cast
production technology by means of thermo-kinetic and pro-
cess engineering parameters, and best meets the searching
criteria. Basing on the list of designs, an analytic module
(140) of cast designs looks for a cast that meets best the initial
searching criteria and further search criteria related to cast
features and conforms to a manufacturer order.
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METHOD FOR CASTING USING
SIMULATION OF CASTING PROCESS,
SYSTEM FOR CASTING USING
SIMULATION OF CASTING PROCESS AND
DATA BASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to the European
Community Pat. Appl. No. EP10461517 filed on May 30,
2010, the contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Technical concept presented herein relates to a
method for casting using simulation of casting process, sys-
tem for casting using simulation of casting process, and also
database.

[0004] 2.Brief Description of the Background of the Inven-
tion Including Prior Art

[0005] Casting, as manufacturing process of objects, has
been known since thousands of years, especially as regards
complex shape objects. Complex shapes of objects being
produced are accompanied with complexity of metallurgical
processes, which demands using of modern, computationally
advanced informatics tools for their designing, optimization,
and storing of information connected with used casting tech-
nology and process engineering data analysis. In order to
obtain high quality manufactured objects at relatively low
costs, it is advisable to carry out tens, or sometimes hundreds
of metallurgical processes simulations within single project
framework, frequently with use of very specialist simulation
software, serving reproduction of real thermo-kinetic pro-
cesses occurring during filling and solidification of castings.
The result of simulation is data, most frequently available in
the form of pictures, films, animations, tables, charts, param-
eter sets. The data depends on the project, version, alloy type,
molding sand, overall dimensions, technology employed,
which ease working out of final shape of the object being cast
and technology used for its creation.

[0006] The simulation method of incompressible, viscous
liquid behavior in casting process is known from the interna-
tional publication WO 02/03309 Al of invention entitled
“Thermal flow simulation for casting/molding processes”.
This method uses classical, dynamical equations describing
liquid behavior and finite elements method in order to deter-
mine liquid momentum and energy. This method optionally
takes into account during simulation the liquid flow through
injection nozzle, porosity forming, thermal flow between the
mold and liquid, cooling effect resulting from lubricant coat-
ing the mold.

[0007] Optimization of cast shape and production planning
is known from the European patent description publication
EP 1724716 Al of invention entitled “Optimization process
of'a metal casting production process”. The aim of optimiza-
tion is working out of parts production, which would be cost
effective, and particularly of production processes related to
production of casts, such as metal casts and parts cast from
plastic. Furthermore the publication presents methods and
systems that enable joining of assumed properties of casts and
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casts shapes optimization loops with local material require-
ments during components forming, thus improving the final
cast shape.

[0008] Inaddition, U.S.Pat. Appl. Publ. No. 2006/0277004
Al entitled “Casting design optimization system (CDOS) for
shape castings” teaches a casting design system which com-
prises a database which contains casting design data and
rules, a user interface, in communication with the database,
which accepts as input a product design that is to be cast by a
casting process, and an inference engine which is adapted to
generate casting designs from the input product design by
searching the database and retrieving data therefrom.

[0009] Furthermore, in U.S. Pat. No. 6,775,647 B1 entitled
“Method and system for estimating manufacturing costs”
have been disclosed a method and a system for estimating
manufacturing costs for conventional and advanced materials
and processes based on a process-oriented approach. Accord-
ing to this publication, a computer system comprises an input
display for selecting one or more designs and one or more
design parameters, whereas cost models are based upon pro-
cess-oriented manufacturing cost estimates for a plurality of
designs utilizing materials and manufacturing of processes.
An output display of this system shows the manufacturing
costs estimated by the cost models for the selected designs
and design parameters, whereby a manufacturing process
flow simulation model highlights and quantifies the magni-
tude of the manufacturing process cost drivers.

[0010] The drawback of described methods is high labor
demand of cast production technology development, because
the development requires many simulations of casting pro-
cess and simulation tests in order to meet the criteria related to
the cast features.

SUMMARY OF THE INVENTION

[0011] Itis an objective of the present invention to provide
a method and a system leading to shortening of specific cast
production technology preparation time, lower consumption
of manpower as well as expensive equipment.

[0012] It is another objective of the present invention to
provide a method and a system leading to shortening of simu-
lation software utilization time.

[0013] These and other objects and advantages of the
present invention will become apparent from the detailed
description, which follows.

[0014] The object of the invention is a method for casting
using simulation of casting process. The method comprises
following steps: creating a database with a user interface from
data related to carried out simulations of casting process and
real casting processes and containing data regarding the
foundry, structural and material data of casts, casts execution
technology descriptions, results of worked out casting pro-
cesses simulations, descriptions of produced casts, and rela-
tions between foundries related data, casts structural data,
descriptions of casts production technological procedures
and results of worked out simulations as well as descriptions
of'produced casts, defining cast features based on cast related
information received from a manufacturer, determining ini-
tial searching criteria based on the cast features defined on
information received from a manufacturer, searching in the
database using initial searching criteria in order to get a list of
designs, from which every design constitutes information set
defining cast production technology by means of thermo-
kinetic and process engineering parameters, and best meets
the searching criteria, while the database is relational type and
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contains set of tables and relations linking them and is part of
database system having client-server type architecture, while
at least one design from the list of designs, best meeting the
searching criteria and constituting an information set defining
cast production technology with thermo-kinetic and techno-
logical parameters, after being found in the database, consti-
tutes input data for casting process simulation development of
acast which is to be produced, working out of casting process
simulation, running the casting process simulation, and
executing a casting process after successful completion of test
of the casting process simulation.

[0015] After the list of designs best meeting the initial
search criteria is obtained, an analysis of selected design or
selected designs can be executed for using them in casting
process, simulation of casting process can be worked out, the
casting process simulation can be run with optional change of
simulation input parameters and its results can be saved in the
database.

[0016] After completion of the simulation its results can be
analyzed and checked for conformity with the cast features,
defined on the grounds of received information, and in case
the simulation results do not meet the initial assumptions
regarding the cast features, specific features characterizing
the design can be selected and subsequent search criteria
determined, and the database can be searched again in order
to obtain subsequent design meeting search criteria, repeating
the database searching and/or simulation until the design is
found which, after performing of simulation for the subse-
quent design, will meet initial assumptions regarding the cast
features.

[0017] Additional design analysis canbe carried out, exam-
ining selected input data influence on output data resulting
from introduced cast production technology changes for new
version of the design, in order to determine how a change of
selected parameters influences simulation results, by compar-
ing results of two simulations with use of simple scoring
system.

[0018] The input data can be a part of database, can be
supplemented, are modifiable and can be input parameters
characterizing specified casting technology, selected from a
data group relating cast geometry, filling system geometry,
chills, feeding system as well as arrangement and adequate
number and size of risers, core, molding sand parameters,
technological parameters, spatial grid parameters, filter
parameters, alloy parameters, filling temperature, filling time,
mass of risers to mass of cast ratio.

[0019] The output data can be a part of database, can be
supplemented, are modifiable and can be results of simula-
tions regarding data selected from the group consisting of
information related to cast temperature field distribution in
time, velocity field distribution in time, flow tracers, metal-
lographic data, results of strength tests, material consump-
tion, labor demand, displacements, production, stresses, fill-
ing time, liquid phase percentage, thermal nodes, porosity,
hardness, solidification time.

[0020] The cast features can be information selected from a
group comprising data regarding cast overall dimensions,
alloy type, molding sand, thickness of cast walls, forming
technology, cast core used, casting technology.

[0021] The design meeting the search criteria, or the list of
designs best meeting the cast related search criteria, obtained
in result of simulation, can contain information selected from
a group comprising data concerning cast temperature field
distribution in time, velocities field distribution in time, alloy
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flow tracers in time, filling time, liquid phase percentage,
thermal nodes of cast, porosity of cast, hardness of cast,
solidification time of cast, stresses, displacements, metallo-
graphic examination results, strength testing results, material
consumption, production, labor demand.

[0022] The set of tables can contain at least information
concerning numerical, textual and multimedia data.

[0023] The object of the invention is also a system for
casting using simulation of casting process. The system com-
prises a database being relational type and containing set of
tables and relations linking them and being part of database
system having client-server type architecture, the database
being created on grounds of carried out simulations of casting
processes and real casting processes, and containing data
regarding foundries and structural data of casts, casts execu-
tion technology procedures descriptions, results of worked
out simulations, descriptions of produced casts, as well as
relations between foundries related data, casts structural data,
descriptions of casts production technological procedures
and results of worked out simulations as well as descriptions
of produced casts, a receiving module of orders while the
orders contain specified cast features being information set
defining cast features and cast production technology by
means of thermo-kinetic and process engineering parameters,
a cast designs searching module connected to the database
and the receiving module while the cast designs searching
module is used for determining initial searching criteria and
for searching in the database using the initial searching crite-
ria in order to get a list of designs, from which every design
constitutes information set defining cast production technol-
ogy by means of thermo-kinetic and process engineering
parameters, and best meets the searching criteria, while the
database contains set of tables and relations linking them and
is part of database system having client-server type architec-
ture, while at least one design from the list of designs, best
meeting the searching criteria and constituting an information
set defining cast production technology with thermo-kinetic
and technological parameters, after being found in the data-
base, constitutes input data for casting process simulation
development of a cast which is to be produced, an analytic
module of cast designs best meeting the initial searching
criteria and further search criteria related to cast features
while the analytic module is connected to the database, a
module of designs working out connected to the analytic
module of cast designs, a module of simulations working out
and running connected to the module of designs working out,
and prototyping facility and foundry producing a cast con-
forming to a manufacturer order.

[0024] Furthermore, the object of the invention is a data-
base used in casting process simulation having tables com-
prising information regarding numerical, textual and multi-
media data, defining cast production technologies with
thermo-kinetic and technological parameters.

[0025] The tables can be created from data regarding com-
pleted casting process simulations and real casting processes,
and comprises foundries related data, as well as structural and
material data of casts, descriptions of casts production tech-
nology, results of casting process simulations worked out,
descriptions of produced casts and relations between foundry
related data, casts structural data, descriptions of cast produc-
tion technological procedures, as well as results of developed
simulations and casts produced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Further details and features of the method and the
system for casting using simulation of casting process, their
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nature and various advantages will become more apparent
from the accompanying drawing and the following detailed
description of the preferred embodiments shown in a draw-
ing, in which:

[0027] FIG. 1 shows a block diagram of casting system
applying casting process simulation;

[0028] FIG. 2 shows a diagram of triple-layer client-server
type database system architecture;

[0029] FIG. 3 shows a database system in diagrammatic
form;
[0030] FIG. 4 shows some basic elements of database in

diagrammatic form;

[0031] FIG. 5 shows a demonstration view of graphical
user interface screen with panel for comparing of photos;
[0032] FIG. 6 shows a block diagram of one possible cast-
ing process preparation procedure;

[0033] FIG. 7 shows a block diagram of one possible cast-
ing process preparation and realization procedure; and
[0034] FIG. 8 shows a block diagram of input parameters
influence on output data analysis, as well as graphical repre-
sentation of parameters change and scoring system.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The embodiments presented in the drawings are
intended only for illustrative purpose and do not limit the
scope of the invention, as defined by the accompanying
claims.

[0036] A casting system 100, using casting process simu-
lation in its most general shape, is shown in FIG. 1. First of all
the system contains module or unit 110 for reception of orders
with stated cast features and with optionally given local cast-
ing conditions, module or unit 120 for searching of foundry
designs and cast designs meeting the criteria regarding the
cast features, database 130, module or unit 140 for analysis of
foundry designs list, best meeting the cast features related
search criteria and/or list of casts designs best meeting the
cast features related search criteria, module or unit 150 of
designs adaptation and working out, module or unit 160 of
simulation working out and running, prototyping facility 170
and foundry 180. In this solution, module 110 for reception of
orders with stated cast features is connected with searching
module 120 of foundry designs and/or cast designs best meet-
ing cast features related criteria that has access to database
130 created on the grounds of completed casting process
simulations and real casting processes, and containing struc-
tural data of casts and optionally foundry related data. Fur-
thermore, database 130 may contain descriptions of cast-
making technological procedures, results of developed
simulations, descriptions of produced casts, and relations
between foundries related data, structural data of casts,
descriptions of cast-making technological procedures, results
of developed simulations and also descriptions of produced
casts. Module 140 of cast designs list and casts production
analysis, shortly called designs, and best meeting the search
criteria, has access to database 130. In other words, a design
includes cast production technology proposition, which
would lead to producing of cast meeting specified criteria,
related, for example to shape, strength of its parts, material,
and similar, determined by employer, and also cast proposi-
tion.

[0037] So the design term is understood as data, for
example in the form of diagrams, drawings, numerical and
similar values, characterizing cast manufacturing process,
and also determining the cast itself, produced according to the
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process, that is determining the cast shape, material, values of
stresses that do not cause the cast failure, and similar.

[0038] It can be most generally said, that design consist of
information set defining cast production technology by
means of various thermo-kinetic and technological param-
eters. The information may concern both casting process,
which can be pressure die casting, gravitational casting, cen-
trifugal casting, casting with rotated mold, cire perdue pro-
cess, and equipment used during casting process preparation
and also during casting process, and cast itself, too.

[0039] Next the set of features characterizing technology,
method of casting, cast, is understood under the term of
search criteria. Search criteria serve as the set of input param-
eters entered into design searching module, and a result, that
is output data of searching, can be presented in a form of
designs list meeting all search criteria selected. All measur-
able parameters recorded in database can be used in quality of
search criteria. In the future, photos and animations may be
used as search criteria, which currently cannot be used in such
quality because current database management systems do not
have at disposal searching engines based on photos or anima-
tions. Any numerical or textual parameters, determining data
concerning a design or simulation, can be also used as search
criteria by user. For example, the criteria for one of new
technology designs can be such data, as overall dimensions,
where cast size is determined by height 500 mm+50 mm,
width equal to 400 mm=50 mm, depth equal to 350 mm+50
mm. Casting technology, such as pressure die casting, metal
type, such as non-ferrous metals, metal—such as aluminum,
metal temperature, for example 700° C., can serve as addi-
tional criteria. The list of all designs, that is information sets
present in database and defining, by means of various thermo-
kinetic and technological parameters, cast production tech-
nology of above given size, meeting specified criteria, will be
the search result.

[0040] Referring to the system presented in FIG. 1, the
design analysis module 140 is able to communicate with
design adaptation and working out module 150, which is
connected with simulation working out and running module
160, which is connected with prototyping facility 170 and/or
foundry 180, in which the cast conforming to an order is to be
produced.

[0041] Inone ofsolutions, database supplementing module
190, having access to database 130 is connected with, or
communicates with analysis module 140 of designs best
meeting search criteria, design adaptation and working out
module 150, simulation working out and running module
160, prototyping facility 170 and/or foundry 180.

[0042] Some of above presented system elements can be
joined one with another, for example reception module 110 of
orders with stated cast features and optionally given local
casting conditions, searching module 120 of designs best
meeting cast features related criteria, database 130, analysis
module 140 of designs list best meeting cast features related
search criteria, design adaptation and working out module
150, simulation working out and running module 160, and
may create separated systems.

[0043] One of such separated systems is database system
together with graphical user interface. The system is database
based information technology system together with addi-
tional applications for management, administration and data-
base maintenance purposes. The system is intended for
archiving of simulation results and data concerning real cast-
ing processes carried out, together with data concerning casts
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obtained in result of real casting processes carried out, easy
searching or specific designs meeting specified criteria, simu-
lation results analyzing, comparing of various simulation ver-
sions. In one of solutions, database system is based on com-
puter systems using such software as Visual Studio based on
libraries, for example Microsoft Corp. .NetFramework 3.5
and MySQL 5.0—as relational database server of client-
server architecture type, eXtended Markup Language
(XML), Secure Socket Layer (SSL) protocol, with maintain-
ing of highest security standards. Database system, which in
presented on FIG. 2 solution has client-server architecture
type, is composed of two main parts, namely the database and
user interface. The database structure, shown in FIG. 3 is built
of approximately 30 tables linked between them with
adequate relations, and several views, that is separated parts
of the tables which are to be shown. Each table has Primary
Key and one or several Foreign Keys, that allow for creating
relations between the tables. Most of the tables is supple-
mented with one or several indices for optimization of data
searching speed in the database, which is also connected with
shortening the time from moment of SQL query sending to
obtaining results. Database system enables storing of various
data types concerning pictures, films, animations, sets of
parameters, tables, charts, diagrams, schemes and similar, as
well as storing of additional binary files having arbitrary
extension. The vital fact is that database system is indepen-
dent on simulation programs. This means, that the system can
store data originating from various simulation programs,
which can be used in foundry engineering.

[0044] In the basic database management system architec-
ture of client-server type, presented in FIG. 2, its functionality
is divided between two module types, namely client module
and server module. The client module, which is the user
module in terms of solutions presented here, was designed in
such manner, so as launching it and running on database end
users workstations or personal computers would be possible.
In present solution, client modules are usually used for serv-
ing of database using applications as well as to making
adequate interfaces available. This means that client module
handles user actions on the database and makes friendly inter-
face available to him/her, for example based on forms or
menu of Graphical User Interface, abbreviated as GUIL.

[0045] In present solution the server module, which is rela-
tional database where data is stored in simple linear files
called relations or tables, handles data storage, data access
operations, data searching operations, and another, similar
functions. Client-server architecture concept assumes exist-
ence of whole network infrastructure including many per-
sonal computers and workstations, and much less numerous
group of high performance computers linked to each other by
means of local area network or computer network of any
other, arbitrary type. In such network infrastructure, client has
usually a form of such user computer, which offers some
possibilities both in scope of user interface handling, and in
local processing domain. When client requests access to addi-
tional functionalities or resources, for example to information
contained in database that are not maintained on its local
computer, then client computer establishes connection to
adequate server using intermediate layer shown in FIG. 2,
providing measures necessary for this request realization.
Next, the server in presented solution is such computer, which
can give client computers, that means user computers, access
to such services as file access, archiving or database access.
Handling of queries and transaction functionality is realized
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on server side, therefore the server in solutions built accord-
ing to this architecture is frequently called the query server or
transaction server. In relational database management sys-
tems such server is with equal frequency called SQL server,
because most of such type solutions is based on SQL lan-
guage and standard.

[0046] In presented simulation system, dedicated driver,
located in intermediate layer between client and server, was
used. This is dedicated driver, ensuring client to server con-
nection, optimized for utilization of .Net Framework plat-
form possibilities called MySQL Connector Net in version
5.2.3. In FIG. 2 three-layer architecture 200 of client-server
type for database management systems was presented in dia-
grammatic way. On the client 230 side handling of Graphical
User Interface 232 (abbreviated as GUI) is accomplished, for
example Visual Basic 2008 Professional of Microsoft Corp.,
called frequently graphical environment, which is general
definition of the information presentation method and inter-
action with an user by computer. Apart from standard window
application based interface, database system can possess
WEB 233 interface, determined also as WWW interface,
using HTTPS protocol (so called Hyper Text Transfer Proto-
col Secure), operating on 443 port and using presented data-
base structure.

[0047] By means of graphical interface, user downloads
data form database following earlier login to the system.
Graphical User Interface (GUI) offers visualization possibil-
ity of data downloaded from database, enables defining of
new project, comparing various simulation versions results,
analysis of selected technology, and so on. Graphical user
interface has modular structure. In one of solutions, graphical
user interface, which can be of window-type interface, is
composed of the following basic modules:

[0048] information downloaded from database entering
and visualization module (input/output data module);

[0049] the module serving database searching by means of
basic and/or advanced search criteria (searching module);
[0050] the module serving analysis of selected technolo-
gies, enabling tracing of changes in individual simulation
versions (analyzing module);

[0051] the module serving various statistics viewing and
report generating (statistics/reports module).

[0052] The earlier mentioned WEB 233 user interface,
which can be one of three-layer client-server type architecture
element, is based on HTML language (Hyper Text Markup
Language), XML (eXtended Markup Language), using large
capacities of Web Services.

[0053] Another element of three-layer client-server type
architecture is system core 231, developed, for example, with
Visual C# 2008 Professional of Microsoft Corp. company,
constituting part of the system serving object-type represen-
tation of information downloaded from database, by means of
main constituent of SQL (Structured Query Language) which
is DML (Data Manipulation Language). System core 231 can
be employed for connecting of another interfaces, for
example WEB 233 interface.

[0054] Yetanother element ofthree-layer client-server type
architecture 200 is intermediate layer 220 (Connector), for
example MySQL (Connector Net) between system core and
database 210, which serves transferring of SQL queries to
database and places results downloaded from the database in
adequate structures, for example dataset, datatable, and simi-
lar. This is dedicated tool, handling connections to MySQL
database for .Net Framework platform.
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[0055] The database system, presented in FIGS. 2 and 3, is
based on a relational model. The database engine employed
enables using of transactions, which is described below, and
transactional systems used prevent data integrity and coher-
ence errors.

[0056] In one of solutions, database 300 presented in FIG.
3 consists of 29 tables connected to each other with adequate
relations, for example one-to-one, one-to-many and many-to-
many type. This relations result from logical linking of
parameters originating from various tables, for example
Simulation 320 constitutes subset of Project 310 table. In
order to enter simulation related data, it is necessary to define
project parameters prior to it, which can be divided on several
logical parts, from which the most important ones are:

[0057] project parameters, such as: project name, project
number, starting data of the project, last modification
date, project description, selected program used for car-
rying out of simulation calculations, metal type selected,
forming method, cast type, pictures presenting the cast
in four projections, the personnel responsible for the
project, the customer for which specified project is being
carried out, dimensions, possibly basic overall dimen-
sions of the cast, weight and volume of the cast;

[0058] simulation input parameters, including simula-
tion type, for example including filling, solidification,
filling and solidification, stresses, simulation type deter-
mined by production preparation stage, for example
(simulation, simulation proven in a foundry, production,
production optimization, defect), date of the simulation
completion, the person completing the simulation, pho-
tos and CAD files of implemented technology including
gating system, chills, risering, filter parameters, param-
eters of prepared spatial grid, descriptions to individual
pictures;

[0059] simulation output data, including simulation
results presented first of all in form of photos, anima-
tions, charts, which can depend on simulation type
selected, for example temperature field, liquid metal or
material flow velocity field, filling time, percentage of
liquid phase, thermal nodes, porosity, hardness, solidi-
fication time.

[0060] When defining a cast production design, which usu-
ally includes proposition of cast production technology that
would lead to fabrication of cast meeting specified criteria,
for example concerning the cast shape, strength of its parts,
material and similar, specified by employer and optionally
related to a foundry, it is necessary to specify parameters
presented in Project table 310, for example project number,
project name and similar data. Project table 310, shown in
FIG. 3 is connected to Simulation, Picture, User, Cast, Mold,
Program, Metal type and Metal tables. The relation with the
Simulation table indicates, that simulations can be assigned to
specified project. Link to the Photos table enables saving of
four cast projections in form of photos in the Photos tables
332, 342. In one of solution three user types have been
defined, namely Administrator, Operator and User. Adminis-
trator has the highest rights, therefore has access to the whole
database system. Operator has access to own projects, and is
entitled to modify them, as well as to remaining projects, that
may only be viewed by him/her. Whereas User may only read
or view the information, and has no rights to save data to
database. Specific foundry may produce various casts, for
example engine blocks, camshafts, blades for jet engines.
Linking to the Cast table defines cast type that has been
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entered into database. The Mold table defines forming tech-
nology type, for example hot-box, cold-box, permanent
mold, and similar Linking to the Program table indicates
simulation program that has been used for realization of
simulation computations. Depending on program selected, it
is possible to select metal types, for example cast iron, cast
steel, non-ferrous metals. After the metal type is selected, it is
possible to select the proper metal that will be used in the
project. The data originate from each simulation program
internal database of materials.

[0061] Inone ofsolutions, simulation results are presented
in the form of photos. The photos are stored in database in
various resolutions, two for example, namely the low one
150150, and the high one 1024x768. This results from data
transfer speed optimization between server and client. Low-
resolution thumbnails of the photos are present in various
places of graphical user interface, and clicking such thumb-
nail causes opening of special viewer with full resolution
photo loaded in it.

[0062] Taking into consideration that database system is
transactional system, in course of project saving in database,
all another project related information are stored in database,
or nothing is stored in the database, according to the “all or
nothing” rule. Such method of saving resolves lack of data
integrity problem.

[0063] Large number of parameters gives the user access to
very broad searching criteria range. The system is based on
relational model, which enables, among others, scalability,
that is system adaptation capability to increasing amount of
processed data. The advantage of database system is its capa-
bility of expanding it with new functionality. Taking into
consideration that user interface has modular structure, pos-
sibility of further system expanding and adding new panels,
windows and modules exists.

[0064] The database can store various types of information,
for example pictures, animations, numerical parameters, tex-
tual data, charts, diagrams, reports, statistical studies, etc.
Each table in database design has adequate columns defined.
Adequate data type is assigned to each column, for example
as Integer numbers, text string of determined length (Var-
char), binary files (Binary Large Object, abbreviated as
BLOB).

[0065] Several tables are linked to the Simulations tables
320, for example Technology table 331, containing input
parameters defined by user, who may be a process engineer in
a foundry, Results table 341 containing output data constitut-
ing results of simulation program, Simulation Parameters
table, and some other tables. The database 130, which part is
shown in detail in FIG. 4, was logically divided into two parts.
The first part are input data 330, represented by cast geometry,
gating system, chills, cast feeding system—risers, spatial grid
parameters, molding sand parameters, technological param-
eters, filter, alloy and alloy core parameters, and similar. The
user can influence these parameters and can obtain intended
results by their adequate modification. The second part is
Output Data 340, to which Results table 341 is assigned, to
which Photos table is linked in turn, because simulation
results are mainly presented in form of photos, possibly with
additional data. The results are represented by temperature
field distribution, liquid metal velocities field distribution,
flow tracers, filling time, liquid phase percentage in relation to
solidified metal, thermal nodes, porosity, hardness, solidifi-
cation time, stresses, production parameters, labour demand,



US 2011/0295404 A1

displacements, material consumptions, results of strength
testing, metallographic data, and similar.

[0066] So input data, stored in database, are made up from
developed technology, or real technology or also technology
resulting from simulation, including working out of gating
system geometry, selection of adequate chills, optimal
arrangement as well as adequate number and size of risers,
application of adequate filter, selection of filling temperature
as well as time of filling, and similar. Besides, in database is
entered information regarding cast alloy, parameters of this
alloy such as density, for example to calculate cast mass at 20°
C. temperature. Additionally information concerning mold-
ing sand, for example the molding sand composition and its
basic parameters, as well as forming technology, for example
coldbox, hotbox, and similar mentioned earlier, is stored in
the database. Furthermore detailed information regarding
created spatial grid serving calculations is located in the data-
base. The data designated as CAD and JPG is stored in form
of CAD and JPG type files. CAD files are stored in order to
make possible downloading them from the database and
opening automatically in CAD program defined by adminis-
trator, while JPG files are used for visualization purposes.

[0067] FIG.5 presents amodel view of graphical user inter-
face 232 with panel 500, serving for comparing photos of real
cast or cast photos 510, 520 generated during cast production
process simulation. The panel serves also for comparing films
or animations concerning selected simulation results. In this
manner user can determine, whether improvement or deterio-
ration of some simulation results occurred following change
of input parameters, assigned to new technology version. By
means of colors 511, 521, assigned to scales 512, 522 that are
mapped on photos 510, 520, the user is able to determine
whether the new technology influenced, for example, distri-
bution of stresses created in the cast after completion of
molding process, designating, for example, improvement
with green color, lack of changes with light blue color, while
state of stresses deterioration with red color, as compared to
the first or original cast version.

[0068] FIG. 6 presents a block diagram of one from several
possible procedures of molding process preparation, which in
case of database lack in foundry or lack of access to the
database, should be supplemented by creation of database
that can be created from data collected in the foundry. Such
database can be created in the moment of database system
installation on one of the computers performing as server and
included in the computer system of the foundry. After data-
base system installation is completed, its configuration, adap-
tation to specific foundry conditions and checking its opera-
tion follows, and then user accounts with various rights are
created and necessary information entered into system. When
working out, according to the method conforming to new
invention, a new design which constitutes set of information
defining cast production technology by means of various
thermo-kinetic and technological parameters of cast produc-
tion technology, requirements or criteria are taken into con-
sideration concerning the cast and specified by employer,
which are subjected to analysis in step 610. In the subsequent
step 620 individual cast features, such as overall dimensions,
alloy type, molding sand, thickness of cast walls, and similar
are defined, specified as search criteria. Based on selected
features that constitute search criteria, database is searched in
step 630. As the search result a list of designs fulfilling preset
search criteria, called also distinctive features of the design, is
obtained in step 640. In the subsequent step 650 analysis of
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selected designs is carried out for using them in the new
technology. In the following step 660 a compilation of
selected technology characteristic features can be prepared.
Next, basing on selected technology features and following
possible correction adjusting selected technology to the
foundry conditions, first version of simulation is worked out
in step 670 and simulation testing carried out in step 680. In
the next step 690, saving of simulation results in database 695
proceeds, which can include data or information regarding
temperature field distribution in time, velocities field distri-
bution in time, flow tracers in time, filling time, liquid phase
percentage, thermal nodes, porosity, hardness, cast solidifi-
cation time, data concerning stresses, displacements, metal-
lographic testing results, strength testing results, data regard-
ing material consumption, as well as data on production,
labour demand, and similar. It may turn out after first simu-
lation, that technology selected from the list of designs meets
search criteria, then next stage of production preparation is
started, for example cast prototypes are carried out.

[0069] Subsequent simulations are carried out if necessary
following first simulation results analysis, in order to
improve, for example, strength parameters and minimize
casting defects present.

[0070] FIG. 7 presents a block diagram of one possible
procedure of casting process preparation and realization
according to the method conforming to the invention, follow-
ing obtaining of first simulation results 705, which is started
with step 710, in which characteristic cast features are sub-
jected to analysis with consideration given to the first simu-
lation. In the subsequent step 720, designs that meet specified
features or criteria for the cast properties improvement are
searched again in database 725. After obtaining in step 730
list of designs better meeting search criteria than the technol-
ogy design from the first simulation, results of the first simu-
lation are analyzed and compared with a new list of technol-
ogy designs in step 740, while in step 750 working out of new
technology version is carried out. The designs downloaded
from database may differ significantly from the current
design, but selecting higher number of characteristic features
enables narrowing of searching range. When analysis of
designs selected from database is completed, adaptation of
selected solutions will follow, for example by means of
changing parameters, geometry, application of non-standard
procedures. Next in 760 step, computations necessary for
running of simulation, which results are saved in database in
step 765 and analyzed in step 770, are carried out. After
checking of simulation results against assumptions in step
780, either transition to step 790 of subsequent cast produc-
tion preparation stage proceeds, or return to step 720 takes
place in case when simulation results do not meet assump-
tions.

[0071] Inthe most generally expressed casting method con-
forming to the invention, part of cast features that are speci-
fied by employer or future user of the product, or even all the
features, become the initial criteria or search criteria, on the
grounds of which list of designs is prepared as the result of
searching. At least one cast production technology design is
selected from these designs, which is analyzed while check-
ing whether application of technology from this selected
design will result in obtaining of the cast that may possess
such features, or properties, which have been specified by the
employer or future user of the product. By entering input
parameters into simulation, which can be the same as in
design selected, or changing them intuitively depending on
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experience, while simultaneously entering the cast dimen-
sions, simulation is carried out and output data checked for
their correspondence to features specified by employer or
future user of the product. In case when simulation output
data correspond to features specified by employer, one pro-
ceeds to further cast production stages, for example for car-
rying out of prototype.

[0072] FIG. 8 presents a block diagram of input parameters
influence on output data analysis interconnections, as well as
graphical representation of parameters change and scoring
system. Such additional analysis is carried out within the
same design frameworks. Analysis 810 covers influence of
input data 330, that is parameters characterizing specific tech-
nology, such as filling temperature, filling time, risering mass
to cast mass ratio and similar, on output data 340 which are
results of simulation and most frequently are presented in
graphical form 830, for example as photos, animations and
films. In order to compare simulation results, simple scoring
system 820 has been used. In special window for comparing
of simulation results, for example in form of photos, pictures
oranimations, user analyses two adjacent simulation versions
for the same parameter, porosity for example. The user
assesses whether an improvement of checked parameter,
porosity for example, has taken place in result of applying
technology changes for the new version. Then one common
chart is built for input data and output data. Individual param-
eters are distinguished with colors, which is presented on the
chart key. On the grounds of the table or the chart one can
determine how the change of selected parameters influences
computations results.

[0073] Below follows description of selected project
stages, among which:

[0074] Simulation stage determines simulation testing
phase, that can result in obtaining of cast conforming to
customer requirements and free from casting defects;

[0075] Checking stage is the next phase in casting pro-
duction preparation process. On the grounds of the
recent simulation results, an experimental—so called
test heat is prepared, according to user assumptions.
Next, the critical places are tested, in which one should
expect defects, based on data originating from the simu-
lation program. If quality of the product is not satisfac-
tory, the design returns to simulation stage. If the cast is
accepted, then series production of cast can be started,
while the design changes its status on production stage.
(Production). If the design passes to checking stage, the
data is stored in a panel especially prepared for this
preparatory stage. Then by means of panel used for
simulation versions comparing purposes, virtual simu-
lation can be compared to real process carried out in the
foundry during checking stage;

[0076] Production stage is equivalent to starting serial
production of the cast;

[0077] Optimization stage is the subsequent phase, dur-
ing which the cast is manufactured in series production,
but research works serving optimization of the process,
material consumption, wall thickness decreasing with-
out compromising strength properties, are carried out.
After completion of optimization stage, checking stage
should be passed once again;

[0078] Defects occurrence stage is a stage of casting
production preparation process and occurs when in
result of unexplained circumstances, for example a sea-
sonal influences on number of rejects, air humidity
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changes, the cast has much more defects than it would

resulted from the production history.
[0079] Interactive database system, conforming to the
invention, may serve designs archiving, easy searching of
specific designs with use of various search criteria, analysis of
simulation results generated by arbitrary programs for casting
processes simulation. The system may also serve effective
management of many projects and enable viewing of various
statistics, generating of reports, charts of relations between
input and output data, as well as to compare simulation ver-
sions for the same type of operations, for example filling,
solidification, stresses.
[0080] Thanks to the method conforming to the invention,
developing of new technology is not started from carrying out
of simulation based on the cast data which is to be produced,
but on the grounds of this data particular features of the cast
are determined, which constitute search criteria in simulation
results and data concerning real casting technologies data-
base. A list of technologies, meeting preset search criteria is
obtained as the result. After short analysis of selected tech-
nologies having similar nature, it is possible to considerably
decrease number of simulations enabling development of
new casting technology for specified item.
[0081] While the technical concept presented herein has
been depicted, described, and has been defined with reference
to particular preferred embodiments, such references and
examples of implementation in the foregoing specification do
not imply any limitation on the concept. It will, however, be
evident that various modifications and changes may be made
thereto without departing from the broader scope of the tech-
nical concept. The presented preferred embodiments are
exemplary only, and are not exhaustive of the scope of the
technical concept presented herein. Accordingly, the scope of
protection is not limited to the preferred embodiments
described in the specification, butis only limited by the claims
that follow.

What is claimed is:
1. A method for casting using simulation of casting pro-
cess, the method comprising the following steps:

creating a database with a user interface from data related
to carried out simulations of casting process and real
casting processes and containing data regarding the
foundry, structural and material data of casts, casts
execution technology descriptions, results of worked out
casting processes simulations, descriptions of produced
casts, and relations between foundries related data, casts
structural data, descriptions of casts production techno-
logical procedures and results of worked out simulations
as well as descriptions of produced casts;

defining cast features based on cast related information
received from a manufacturer;

determining initial searching criteria based on the cast
features defined on information received from a manu-
facturer;

searching in the database using initial searching criteria in
order to get a list of designs, from which every design
constitutes information set defining cast production
technology by means of thermo-kinetic and process
engineering parameters, and best meets the searching
criteria, while the database is relational type and con-
tains set of tables and relations linking them and is part
of database system having client-server type architec-
ture, while at least one design from the list of designs,
best meeting the searching criteria and constituting an
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information set defining cast production technology
with thermo-kinetic and technological parameters, after
being found in the database, constitutes input data for
casting process simulation development of a cast which
is to be produced;

working out of casting process simulation;

running the casting process simulation; and

executing a casting process after successful completion of

test of the casting process simulation.

2. The method of claim 1, wherein after the list of designs
best meeting the search criteria is obtained, an analysis of
selected design or selected designs is executed for using them
in casting process, simulation of casting process is worked
out, the casting process simulation is run with optional
change of simulation input parameters and its results is saved
in the database.

3. The method of claim 2, wherein after completion of the
simulation its results are analyzed and checked for confor-
mity with the cast features, defined on the grounds of received
information, and in case the simulation results do not meet the
initial assumptions regarding the cast features, specific fea-
tures characterizing the design are selected and subsequent
search criteria determined, and the database is searched again
in order to obtain subsequent design meeting search criteria,
repeating the database searching and/or simulation until the
design is found which, after performing of simulation for the
subsequent design, will meet initial assumptions regarding
the cast features.

4. The method of claim 2, wherein additional design analy-
sis is carried out, examining selected input data influence on
output data resulting from introduced cast production tech-
nology changes for new version of the design, in order to
determine how a change of selected parameters influences
simulation results, by comparing results of two simulations
with use of simple scoring system.

5. The method of claim 4, wherein the input data are part of
database, can be supplemented, are modifiable and are input
parameters characterizing specified casting technology,
selected from a data group relating cast geometry, filling
system geometry, chills, feeding system as well as arrange-
ment and adequate number and size of risers, core, molding
sand parameters, technological parameters, spatial grid
parameters, filter parameters, alloy parameters, filling tem-
perature, filling time, mass of risers to mass of cast ratio.

6. The method of claim 4, wherein the output data are part
of database, can be supplemented, are modifiable and are
results of simulations regarding data selected from the group
consisting of information related to cast temperature field
distribution in time, velocity field distribution in time, flow
tracers, metallographic data, results of strength tests, material
consumption, labour demand, displacements, production,
stresses, filling time, liquid phase percentage, thermal nodes,
porosity, hardness, solidification time.

7. The method of claim 1, wherein the cast features are
information selected from a group comprising data regarding
cast overall dimensions, alloy type, molding sand, thickness
of cast walls, forming technology, cast core used, casting
technology.

8. The method of claim 1, wherein the design meeting the
search criteria, or the list of designs best meeting the cast
related search criteria, obtained in result of simulation, con-
tains information selected from a group comprising data con-
cerning cast temperature field distribution in time, velocities
field distribution in time, alloy flow tracers in time, filling
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time, liquid phase percentage, thermal nodes of cast, porosity
of cast, hardness of cast, solidification time of cast, stresses,
displacements, metallographic examination results, strength
testing results, material consumption, production, labor
demand.

9. The method of claim 1, wherein the set of tables contains
at least information concerning numerical, textual and mul-
timedia data.

10. A system for casting using simulation of a casting
process, the system comprising:

a database being relational type and containing set of tables
and relations linking them and being part of database
system having client-server type architecture, the data-
base being created on grounds of carried out simulations
of casting processes and real casting processes, and con-
taining data regarding foundries and structural data of
casts, casts execution technology procedures descrip-
tions, results of worked out simulations, descriptions of
produced casts, as well as relations between foundries
related data, casts structural data, descriptions of casts
production technological procedures and results of
worked out simulations as well as descriptions of pro-
duced casts;

a receiving module of orders, the orders containing speci-
fied cast features being information set defining cast
features and cast production technology by means of
thermo-kinetic and process engineering parameters;

a cast designs searching module connected to the database
and the receiving module, the cast designs searching
module being used for determining initial searching cri-
teria and for searching in the database using the initial
searching criteria in order to get a list of designs, from
which every design constitutes information set defining
cast production technology by means of thermo-kinetic
and process engineering parameters, and best meets the
searching criteria, while the database contains set of
tables and relations linking them and is part of database
system having client-server type architecture, while at
least one design from the list of designs, best meeting the
searching criteria and constituting an information set
defining cast production technology with thermo-ki-
netic and technological parameters, after being found in
the database, constitutes input data for casting process
simulation development of a cast which is to be pro-
duced;

an analytic module of cast designs best meeting the initial
searching criteria and further search criteria related to
cast features, the analytic module being connected to the
database;

a module of designs working out connected to the analytic
module of cast designs;

a module of simulations working out and running con-
nected to the module of designs working out; and

prototyping facility and foundry producing a cast conform-
ing to a manufacturer order.

11. The system of claim 10, wherein the input data are a
part of the database, can be supplemented, modified and are
input parameters characterizing specified casting technology,
selected from a data group relating to cast geometry, filling
system geometry, chills, feeding system as well as arrange-
ment and adequate number and size of risers, core, molding
sand parameters, technological parameters, spatial grid
parameters, filter parameters, alloy parameters, filling tem-
perature, filling time, mass of risers to mass of cast ratio.
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12. The system of claim 10, wherein output data are a part
of'database, can be supplemented, modified, and are results of
simulations regarding data selected from the group compris-
ing information related to cast temperature field distribution
in time, velocity field distribution in time, flow tracers, met-
allographic data, results of strength tests, material consump-
tion, labor intensity, displacements, production, stresses, fill-
ing time, liquid phase percentage, thermal nodes, porosity,
hardness, solidification time.

13. A database used in casting process simulation having
tables comprising information regarding numerical, textual
and multimedia data, defining cast production technologies
with thermo-kinetic and technological parameters.
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14. The database of claim 13, wherein the tables are created
from data regarding completed casting process simulations
and real casting processes, and comprises foundries related
data, as well as structural and material data of casts, descrip-
tions of casts production technology, results of casting pro-
cess simulations worked out, descriptions of produced casts
and relations between foundry related data, casts structural
data, descriptions of cast production technological proce-
dures, as well as results of developed simulations and casts
produced.
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