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Abstract: To solve the problems in turbine blade investment casting die design process such as long

design time, lacking of expert experience and low level of intelligence, knowledge based engineering

(KBE) was introduced in the turbine blade investment casting die design field. T he key technolos

gies of the intelligent design method were researched and a prototype system-was developed. A hy

brid reasoning model was prompted in which case based reasoning ( CBR)\w as applied to conceptual

design and rule based reasoning ( RBR) was applied to parts.design after research the design process

and domain know ledge of casting die. In the conceptual design stage, a retrieval model which inte

grated nearest neighbor approach and know ledge based retrieval approach-w as prompted to improve

the retrieval efficiency. Meanw hile, RBR was used\to modify the retrieval result, The practical apr

plication results indicate that this-system can reuse théeexpertexperience efficiently-and heighten the

die design efficiency and quality:
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Introduction

As one of the key-parts in high performance
aercengine, hollow turbine blade was called as
“the diamond on the crown”. The design and
manufacture technology of turbine blade is one of
the key technologies in the manufacture process
of aero-engine. Asthe most important tool in the
manufacture process of turbine blades, invest
ment casting die has some characteristics such as
complex structure, long design time, hard to
manufacture and so on. The design and manufac
turing of investment casting die has become one
of the “bottle necks” which restrict the develop

ment of aerc engine.
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In recent years, knowledge based engineer-
ing (KBE) systems, which complement tradi
tional computer aided design ( CAD) systems by
adding the engineering knowledge that drives the
mechanical structure design process, are becom-
ing an essential part of strategy for improving
design effectiveness. But there are still some
problems when integrate artificial itelligence
(AI) to investment casting die design field' "™
(1) die design is a complex project which is hard
to modeling; (2) single knowledge representa-
tion and reasoning method can hardly describe
the design process; (3) because of the inherent
limitations of expert system, it s almost im possi-

ble to achieve a satisfy result. In order to solve
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the problems mentioned above, an intelligent de
sign method for casting die was prompted in this
study. Through the research of design process
and domain knowledge of aero-engine turbine
blade investment casting die design field, a rea
soning model based on casebased reasoning
(CBR) and rulebased reasoning ( RBR) were
prompted in which CBR was applied to conceptur
al design and RBR was applied to parts design.
A unitary design result was achieved by matching
case in case base under the theory of CBR, and if
can't find a satisfied result or the result isn t
similar to the new problem; RBR is used to cre
ate a new solution or modify the search result.
The method prompted in the paper integrated
CBR and RBR to achieve the goal of intelligent

design.

1 System framework

From the point of Al, intelligent design can
be described as an expression as follows:
DS= {KB, IM, GDB)
Where GDB is the globe \database, or—can be
called as “blackboard”, 1M is a controlprogram,

or can be called-as “ inference engine’, KB is the

knowledge base. For the problem of investment
casting die design, the input is the description of
design task, and the goal is blue print of die, and
the design operation is reasoning and computing.
GDB, IM, KB must be reified when we use this
model to describe the intelligent design system:

KB: Knowledge base is a set of knowledge
module, every module corresponded to a design
problem, and the knowledge types can be pro-
duction rules, design case and so on.

IM: Because of the multrtypes of knowl
edge, the inference machine is a hybrid reasoning
system.

GDB: A medium

process.

records the reasoning

The framework of intelligent design system
can be divided to four hjerarchies as data hierar
chy, suppert hierarchy, integrated hierarchy and
function_hierarchy which show inFig. 1.

1.1 ( Data hierarchy

The function of the hierarchy is providing
the data environment which included design
rules, case database, die design case, process

management database and so on.
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Fig. 1

Framework of intelligent design system
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1. 2 Support hierarchy

This hierarchy includes hardware support
and software support, and the software support
use the universal data access method to achieve
the goal of visiting the data hierarchy and maimr
tenance the data structure. In this way, we can
ensure the data safety and increase the adapta
tion of database by separate the platform and da-
ta hierarchy. The hardware support provide

hardware environment to ensure the executing of

the system.
1. 3 Integrated hierarchy

T his hierarchy provides integration environ-
ment for function hierarchy which includes data
and knowledge management and professional ap-
plication platform.

1. 4 Function hierarchy

Based on the integrated hierarchy, this hier
archy is face for the users of the intelligent de-
sign system which include some specialize sofi-
ware such as intelligent design program, ana-
lyzed program, user manageprogram-and so-en.

T his system can fulfill\mostef the die de-
sign task and-provide some guide tools for desig
ner to accomplish the design task. T he-intellir
gent design system uses the compute ability of
computer and the adaptation /of KBE system and

can decrease the design timre of die.

2 Knowledge base research

As the core of intelligent design system,
knowledge base is the most important module.
Effective knowledge representation can ensure
the execution of design reasoning. T he functions
of knowledge base are as follows' ™ knowledge
retrieve, knowledge management and knowledge
service. T he object oriented method is used dur
ing the development process of knowledge marr
age system (KMS). The architecture of knowl

edge system is shown in Fig. 2.
2.1 Knowledge source
Most of the design knowledge is including

in the design blue print, design model, experts

all of which

experience and some documents,

User interface Knowledge Knowledge
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Reasoning
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K

Dynamic
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engineer
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Knowledge source

Design Source Product X
blue print on the net data X
Expert

oh

Fig.2 Framework of knowledge'base

makeup of the source of knowledge.
2. 2 Knowledge retrieve

Knowledge retrieve is the most important
process in-intelligent design system and there are
two_ways to-obtail know ledge: (1) auto retrieve
based on_data mining (DM); (2) alternant
knowledge retrieves by knowledge engineer and

expert.
2.3 Reasoning method

Reasoning model which would be used in
design process depends on the knowledge repre-
sentation, for examples, CBR will be used when
knowledge is representation in the form of case
and RBR will be used when knowledge is repre-

sentation in the form of rules, and if the knowl
edge is representation in multr style, a hybrid

reasoning model must be used.
2.4 User interface

User interface is the way that knowledge
base provide service. The intelligent design sys
tem can carry out CBR and RBR through user iir

terface as well as share the knowledge.
3 Hybrid reasoning model

3.1 Hybrid reasoning model

T he cores of knowledge base are knowledge
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representation and reasoning, and the knowledge
representation relate to reasoning, so reasoning
model is the most important technology in the
intelligent design system. A hybrid reasoning
model was prompted in this part to solve the
problem of intelligent design '“* .

RBR is the most popular reasoning method
which used in production system and the expres
sion is:

IF(), THEN<)

The expert knowledge is causal relations
and the rules each other are independent, the
message Is transmitted in GDB. RBR has some
advantages such as simple and so on, but it also
has some limitations as follows:

1) With the increase of the rules, it s a hard
work to make sure that the rules each are com-
patible.

2) The reasoning efficiency will decreased
as therules get more abundant, in some extrenr
ity, a wrong result will be received.

3) RBR isnt according to_the reasoning
process of human being.

CBR is an_analogy reasoning method which
has lower demand on the maturity of knowledge
compare to RBR, and the ‘\reasoning process”is
like human thinking, but it also has seme limita-
tions:

1) It s hardto find-out the best case in case
base.

2) If the search result isn't satisfactory, it s
a difficult job to modify the case.

The reasoning methods mentioned above
have their advantages and disadvantage which
shows in T able 1.

In the intelligent design process of invest-
ment casting die, if s impossible to achieve a sat-
isfactory result through one reasoning model.
T herefore, CBR and RBR were integrated in the
intelligent design system, and a hybrid reasoning
model was prompted in this paper. The advanta
ges of this model are that if s according with the
thinking way of human, and can describe the re

al design process.

Table1 Compare between CBR and RBR

RBR CBR

Knowledge Poor Well
Learning Lack Good
Develo pment Slow Fast
M aintenance Difficult Easy
Explain Good Good
Source Expert Case

In conceptual design phase, the new prob-
lem is compared to the case in case base and the
most similar case was picked up as the initialized
die with the method of CBR, then RBR was ap
plied to modify the parameters of ‘detail struc
tures to achieve atsatisfied result. Moreover, if a
similar ease can t found in case base, RBR was
uséd to-design a total new'\die"T he hybrid rea-
son model -makes-up the defect of CBR that it
can't modify the case, ‘and user RBR to modify
the parameters’ of die and increase the intelligent

degre, ~the reasoning process is shown in Fig. 3.

Problem description
Integrity die search

Integrity mold |
database

C Y'es
ase ()
database [ Die instantiation Hlntegrity die modify *‘
l o
Rule
database

N
No

Die structure ansys

Part search

Yes
v
‘Part instantiation H Part modify }17

Reasoning result

Fig. 3 CBR- RBR reasoning model

3.2 CBR

3.2.1 Principle of CBR

T he philosophy of CBR is using previous ca-
ses to interpret or solve a new problem e
T here are many advantages of CBR over RBR,

and CBR is the method adopted by most current



JIANG Rut song, et al: Research on the intelligent design system for investment

5 casting die of aero engine turbine blade based on knowledg 1065

knowledge based system (KBS) for development
control. The knowledge representation scheme
of CBR is better than RBR in recording and re
presenting knowledge. It can overcome the
problems with black box inference process of
RBR. CBR can simulate the working style of a
designer in dealing with development applica
tions which is based on its knowledge of past ap
plication records. The results derived directly

from real cases in CBR are more convincing and

acceptable to designer. The principle is shown in
Fig. 4.

Description of
problem

Case retrieve H Case modify

Case storage

Fig. 4 Principle of CBR

3.2.2 Case structure

The object we researched in this paper is an
assembly product, and can be partitioned to
many function modules which-were formed with
a set of parts. A ccording to\the structure charac
teristic, a die_ean be divided as ‘a set—of sub-
structures which has its own parameter and
property. The case of die can be\described asthe

follows expression:
Case = ZCasei, 1= 0,1,2, -5 n.
3.2.3 Case retrieval

The more case in case base, the better of
the case based reasoning system, but, the more
case, the more retrieval, the lower retrieval effi-
ciency, so, an efficiency retrieval algorithm is
very important. Focus on the investment casting
die retrieval, a design case can be expressed by

s po)
which is the demand and goal of die design and

-, 72 ) which is the

When the system execute

two vectors: the goal vector P= (p1, p2,

the key vector R= (ri, r2,
case in case base.
CBR, and suppose the case in case base as Cand
the die design goal as X, if the similarity be-
tween X and C which
F(Pc, Px) 26 in which 6 is the threshold of

similarity, then it can be say that X is similar to

express as S =

C and C is the answer of CBR.

In the paper, nearest neighbor search algo-
rithm was used to retrieval case, the principle of
this method is assign a weight to every feature of
the case and match the case in case base by input

the parameter.

3.3 RBR
3.3.1 Principle of RBR

Production rules is the most important
knowledge representation method and it repre
sent the knowledge in the way of “preconditiomr
result”, the Backus normal form of production

rules can be defined as follows:

(predication) : ;= {predication name) [ {var
iable), -]

{operation) .. =-<Coperation name)[ {varia
ble), --]

{precondition)\; := nulll {predication

(metaresult) . ;= (predication?| {operation)

(result) = nulll {metaresult

( produetion? : i= {result? < {precondition)

(production system) : = {production), ..

The principle of RBR can be described as
follows which shows in Fig. 5.

Rule base
7'y

L Rule explanation

Fig.5 Principle of RBR

———>» GDB < Input

3.3.2 Production rules simple
A production rule reasoning example was
given which shown the design process of sole

plate of investment casting die which shown in

Fig. 6.

Fig. 6 Soleplate of die
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{production system) ::= (soleplate feature) <
(the core module dimension)

(soleplate) :: = (the core module dimen-
sion)| (relation dimension)

(soleplate feature) ::= (the core module)|
{operation)

(relation dimension) ::= <{space relation)
AND (dimension relation)

(dimension relation) ::= (soleplate long =
2% core module long; soleplate wide= 4/3* core
module wide; soleplate high= 30}

(space relation) ::= {x= x- 30; y= y- core
wide/ 6; z= z— 2* core long/3)

3. 3.3 Reasoning process

Based on the rule representation method,
the rule solving technology was prompted and its
reasoning process is as follows:

1) Initialize the rule base and input the inr
tial parameter of die.

2) Search the rule which precondition is
match to the initial parameter, if find; the
switch to 3), else switch to 5)=

3) If the result of rule which found-in 2)
was a conclusien, then'\add\the ¢onclusion the
design database; or\if the'result of rule is an opr
eration, the execute the opeération, and markthe
rule.

4) Check and find’out if the solving is in the
design database,\ if yes; then end the solving
process, if no, switch to 2).

5) Ask for more investment casting die de-
sign information, if yes, switch to 2), else end
the program.

6) If the rules in the base were used, then

end the program.

4 Worked example and results

This section provides a case study to illus
trate the investment casting die design method
based on hybrid reasoning. The design is devel
oped based on the commercial U nigraphics (UG)
CAD system. UG is chosen because it allows us

ers to build a customized system using U G/ Open

API (which is the open application programming
interface in Unigraphics) and supports userde
fined features owing to its parametric nature and
its ability to extract design information from the
features.

T he design process can be described as fol-
lows: First, core block size, work stroke, file
save path and some other initial information
were imported into the system using the user ir
terface (as shown in Fig. 7). Then, the system
began to complete the rest of the design auto-

matically. Two types of investment casting die

were designed and shown in Fig. 8.
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Fig.7 Prototype system interface
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(a) Casting die of vane

(b) Casting die of blade

Fig.8 Die design instance

5 Conclusion

A novel design method based on hybrid rea
soning was proposed in this paper. Thereasorr
ing process and-Key technologies 'were-studied.
Besides, a protetype design system for invest-
ment casting die of turbine\blade was developed
based on UG second deyvelopment ‘platform. Two
types of investment casting die were designed by
this system. Theé experiment results demonstra-
ted that the present approach can dramatically
improve the design quality and can save both
time and costs from the practical standpoint of
engineering. However, the current prototype
system has its limitations. Although the system

can assist users to realize a certain level of auto

mation, it still requires the user input the initial

parameters to drive the structure design.
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