
第 25卷 第 5期
2010年 5月

航空动力学报
Journal of Aerospace Power

Vo l. 25 No. 5

M ay 2010

文章编号: 1000�8055( 2010) 05�1061�07

Received:2009�02�09; revision received: 2010�04�06

E�mail: ruis ong. jian g@ gmail . com

Research on the intelligent design system for

investment casting die of aero�engine turbine
blade based on knowledge

JIANG Rui�song, ZHANG Ding�hua, WANG Wen�hu
( The Key Laboratory of Contempor ary Design and Integ rated M anufacturing ,

M inist ry of Education, School of M echanical Engineering,

No rthw estern Polytechnical U niversity, Xi�an 710072, China)

Abstract: To so lve the pr oblems in turbine blade investment casting die design process such as long

design time, lacking o f exper t experience and low level of intellig ence, know ledge�based eng ineer ing

( KBE) was intr oduced in the turbine blade investment casting die design field. T he key techno lo�

gies o f the intelligent design method w ere researched and a pro totype system was developed. A hy�

br id reasoning model was prompted in w hich case�based reasoning ( CBR) w as applied to conceptual

design and rule�based r easoning ( RBR) was applied to par ts design after r esear ch the design process

and domain know ledge of casting die. In t he conceptual design stag e, a r etriev al model which inte�

gr ated nearest neighbor approach and know ledge�based retr ieval approach w as pr ompted to improve

the retr ieval efficiency. Meanw hile, RBR w as used to modif y the r etriev al r esult . The practical ap�

plication results indicate that this system can reuse the exper t exper ience efficiently and heighten the

die design eff iciency and quality.
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Introduction

� � As one of the key parts in high perfo rmance

aero�engine, ho llow turbine blade w as called as

� the diamond on the crow n . The design and

manufacture technolo gy o f turbine blade is one of

the key techno logies in the manufacture pro cess

of aero�engine. As the most important tool in the

manufacture pro cess o f turbine blades, inv est�
ment cast ing die has some character ist ics such as

complex st ructure, long design t ime, hard to

manufacture and so on. T he design and manufac�
tur ing of inv estment cast ing die has become one

of the � bot t le necks which rest rict the develop�
ment of aero�engine.

In recent years, know ledge�based engineer�
ing ( KBE ) systems, w hich complement t radi�
tional computer aided design ( CAD) sy stems by

adding the eng ineering know ledge that drives the

mechanical st ructure design process, are becom�
ing an essent ial part o f st rateg y for improving

design effect iveness. But there are st ill some

problems when integr ate art ificial intellig ence

( AI) to investment cast ing die design f ield
[ 1�3]

:

( 1) die design is a complex project w hich is hard

to modeling; ( 2) single know ledge representa�
tion and reasoning method can hardly describe

the design process; ( 3) because o f the inherent

limitat ions o f expert sy stem, it�s almost impossi�
ble to achieve a sat isfy r esult . In o rder to solv e
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the problems mentioned above, an intelligent de�
sign method for cast ing die w as prompted in this

study . Through the resear ch of design pro cess

and domain know ledge of aero�eng ine turbine

blade investment cast ing die design field, a rea�
soning model based on case�based reasoning

( CBR ) and rule�based reasoning ( RBR) w ere

prompted in w hich CBR was applied to conceptu�
al design and RBR was applied to parts design.

A unitary design result w as achieved by matching

case in case base under the theory o f CBR, and if

can�t find a satisfied result o r the r esult isn�t

sim ilar to the new pr oblem ; RBR is used to cre�
ate a new so lut ion o r modify the search result.

T he method prompted in the paper integ rated

CBR and RBR to achieve the goal of intellig ent

design.

1 � System framework

� � From the point of AI, intelligent design can

be described as an expression as follow s:

DS = {KB, IM , GDB}

Where GDB is the globe database, or can be

cal led as � blackboard , IM is a contro l pr ogram,

or can be cal led as � inference eng ine , KB is the

know ledge base. For the problem o f investment

cast ing die design, the input is the description o f

design task, and the goal is blue pr int of die, and

the design oper at ion is r easoning and comput ing.

GDB, IM, KB must be r eif ied w hen w e use this

model to describe the intelligent design sy stem:

KB: Know ledge base is a set o f know ledge

module, every module corr esponded to a design

problem, and the know ledge types can be pro�
duct ion rules, design case and so on.

IM : Because of the mult i�types of know l�
edge, the infer ence machine is a hybrid r easoning

sy stem .

GDB: A medium records the r easoning

pro cess.

The framew or k o f intellig ent design system

can be divided to four hierarchies as data hierar�
chy, support hierarchy, integrated hierar chy and

funct ion hierarchy w hich show in Fig . 1.

1. 1 � Data hierarchy

� � The funct ion of the hierarchy is providing

the data environment which included design

rules, case database, die design case, process

management database and so on.

Fig . 1 � Framewo rk of intelligent design sy stem
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1. 2 � Support hierarchy

� � T his hier archy includes har dw are support

and so ftw are suppo rt , and the sof tw are support

use the universal data access method to achiev e

the goal of visiting the data hierarchy and main�
tenance the data str ucture. In this w ay, w e can

ensure the data safety and increase the adapta�
t ion of database by separate the plat form and da�
ta hierarchy. T he har dw are suppo rt provide

hardw are env ir onment to ensur e the executing o f

the sy stem.

1. 3 � Integrated hierarchy

� � T his hierarchy provides integrat ion environ�
ment fo r funct ion hierarchy w hich includes data

and know ledge management and pr ofessional ap�
plication plat fo rm.

1. 4 � Function hierarchy

� � Based on the integr ated hierarchy, this hier�
archy is face for the users o f the intellig ent de�
sign system which include some specialize soft�
ware such as intellig ent design prog ram, ana�
lyzed prog ram, user manage prog ram and so on.

T his system can fulf ill most of the die de�
sign task and provide some guide tools for desig�
ner to accomplish the design task. T he intelli�
gent design system uses the compute ability o f

computer and the adaptat ion o f KBE system and

can decrease the design t ime of die.

2 � Knowledge base research

� � As the cor e of intelligent design sy stem,

know ledge base is the most impo rtant module.

Ef fect ive know ledge representat ion can ensur e

the execut ion o f design reasoning . T he funct ions

of know ledge base are as follow s
[ 4�5 ]

: know ledge

ret riev e, know ledge management and know ledge

serv ice. T he object oriented method is used dur�
ing the development pro cess of know ledge man�
age system ( KM S) . T he architecture of know l�
edge system is show n in Fig. 2.

2. 1 � Knowledge source

� � Most of the design know ledge is including

in the design blue print , design model, experts�
experience and some documents, all of w hich

F ig . 2 � Framew ork of knowledge base

make up of the source of know ledge.

2. 2 � Knowledge retrieve

� � Know ledge ret rieve is the most important

process in intelligent design sy stem and there ar e

tw o w ay s to obtain know ledge: ( 1) auto ret riev e

based on data m ining ( DM ) ; ( 2 ) alternant

know ledge retr ieves by know ledge engineer and

expert .

2. 3 � Reasoning method

� � Reasoning model w hich w ould be used in

design process depends on the know ledge repre�
sentat ion, for ex amples, CBR w ill be used when

know ledge is representat ion in the form of case

and RBR w ill be used when know ledge is repre�
sentat ion in the fo rm of rules, and if the know l�
edge is representat ion in mult i�style, a hybrid

reasoning model must be used.

2. 4 � User interface

� � User inter face is the w ay that know ledge

base provide service. T he intelligent design sy s�
tem can carry out CBR and RBR through user in�
ter face as w ell as share the know ledge.

3 � Hybrid reasoning model

3. 1 � Hybrid reasoning model

� � T he cores of know ledge base are know ledge
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representation and reasoning, and the know ledge

representation relate to reasoning , so r easoning

model is the most impo rtant technolo gy in the

intellig ent design system . A hybrid r easoning

model w as prompted in this part to so lve the

problem o f intelligent design [ 6�8] .

RBR is the most popular reasoning method

which used in production system and the expres�
sion is:

IF!∀, THEN!∀

T he exper t know ledge is causal relat ions

and the rules each other are independent, the

message is t ransmit ted in GDB. RBR has some

advantages such as simple and so on, but it also

has some limitat ions as fol low s:

1) With the increase of the rules, it�s a hard

w ork to make sure that the r ules each are com�
pat ible.

2) T he r easoning ef ficiency w ill decreased

as the r ules g et more abundant , in some ext rem�
ity, a w rong result w ill be received.

3) RBR isn�t according to the r easoning

process of human being .

CBR is an analo gy r easoning method which

has low er demand on the maturity of know ledge

compare to RBR, and the reasoning pr ocess is

like human thinking, but it also has some lim ita�
t ions:

1) It�s hard to find out the best case in case

base.

2) If the search result isn�t sat isfactory , it�s

a diff icult job to modify the case.

T he reasoning methods ment ioned above

have their advantag es and disadvantage w hich

shows in T able 1.

In the intell ig ent design pr ocess of invest�
ment cast ing die, it�s impossible to achiev e a sat�
isfactory result thr ough one reasoning model.

T herefore, CBR and RBR were integrated in the

intellig ent design sy stem, and a hybrid r easoning

model w as prompted in this paper. The advanta�
ges of this model ar e that it�s acco rding w ith the

thinking w ay o f human, and can describe the r e�
al design process.

Table 1 � Compare between CBR and RBR

RBR CBR

Know ledge Poor Well

Learning Lack Good

Development 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 w as picked up as the initialized

die with the method of CBR, then RBR was ap�
plied to modify the parameters of detail st ruc�
tur es to achiev e a sat isf ied result . Mo reover, if a

sim ilar case can�t found in case base, RBR was

used 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

deg re, the reasoning process is show n in Fig. 3.

Fig. 3� CBR�RBR reasoning model

3. 2 � CBR

3. 2. 1 � Principle of CBR

T he philo sophy of CBR is using previous ca�

ses to interpret or so lve a new problem
[ 9�12]

.

T here are many advantages of CBR over RBR,

and CBR is the method adopted by most current
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know ledge based system ( KBS) fo r development

contro l. T he know ledge representat ion scheme

of CBR is better than RBR in reco rding and r e�
present ing know ledge. It can overcome the

problems w ith black box infer ence process o f

RBR. CBR can simulate the w orking style of a

designer in dealing w ith development applica�
t ions w hich is based on its know ledge o f past ap�
plication records. The results derived direct ly

f rom real cases in CBR are more conv incing and

acceptable to designer . The pr inciple is show n in

Fig . 4.

F ig. 4� P rinciple o f CBR

3. 2. 2 � Case st ructure

T he object w e researched in this paper is an

assembly product, and can be part itio ned to

many funct ion modules w hich w ere formed w ith

a set of parts. A ccording to the str ucture charac�
ter ist ic, a die can be divided as a set of sub�
str uctures w hich has its ow n parameter and

property . T he case of die can be described as the

follow s expression:

Case = # Casei , i = 0, 1, 2, ∃, n .

3. 2. 3 � Case ret riev al

T he more case in case base, the bet ter o f

the case based reasoning system, but, the mor e

case, the more retr ieval, the low er ret rieval ef fi�
ciency, so, an ef ficiency ret riev al algo rithm is

very important. Focus on the investment casting

die r et rieval, a design case can be expressed by

tw o vectors: the goal vector P= ( p 1 , p 2 , ∃, p m )

which is the demand and goal o f die design and

the key vector R= ( r1 , r 2 , ∃, r n ) which is the

case in case base. When the system execute

CBR, and suppose the case in case base as C and

the die design goal as X, if the sim ilar ity be�
tw een X and C which express as S =

f ( PC, PX ) %� in w hich � is the threshold o f

sim ilar ity, then it can be say that X is similar to

C and C is the answ er of CBR.

In the paper, nearest neighbor search algo�
rithm w as used to r et rieval case, the principle o f

this method is assign a w eight to every feature o f

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

know ledge representat ion method and it repre�
sent the know ledge in the w ay of � precondit ion�
result , the Backus normal form of product ion

rules can be def ined as follow s:

!predicat ion∀&= !predicat ion name∀ [!var�
iable∀, ∃]

!operat ion∀ & = !operation name∀[!var ia�
ble∀, ∃]

!precondit ion∀&= null| !pr edicat ion∀

!metaresult∀&= !predicat ion∀|!operation∀
!r esult∀& = null|!metaresult∀

! pr oduct ion∀&= !result∀∋ !precondit ion∀

!product ion sy stem∀& = !product ion∀, ∃

T he principle of RBR can be described as

follow s w hich show s in Fig. 5.

Fig. 5 � P rinciple o f RBR

3. 3. 2 � Product ion rules simple

A product ion r ule reasoning example w as

g iv en which shown the design pro cess of so le�
plate of investment cast ing die w hich shown in

Fig. 6.

F ig. 6� So leplate of die
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!product ion system∀& = !soleplate feature∀∋

!the core module dimension∀

!soleplate∀ & = !the core module dimen�
sion∀| !relat ion dimension∀

!soleplate feature∀ & = !the core module∀|

!operat ion∀

!r elat ion dimension∀ & = !space relat ion∀
AND !dimension relat ion∀

!dimension relat ion∀ & = !soleplate long =

2* co re module long; soleplate w ide= 4/ 3* cor e

module w ide; soleplate high= 30∀
!space r elat ion∀&= !x= x- 30; y= y- cor e

w ide/ 6; z= z- 2* core long / 3∀

3. 3. 3 � Reasoning process

Based on the rule repr esentation method,

the r ule so lving techno logy w as prompted and its

reasoning process is as follow s:

1) Init ialize the rule base and input the ini�
t ial parameter of die.

2) Search the rule w hich precondit ion is

match to the init ial parameter , if f ind, the

switch to 3) , else sw itch to 5) .

3) If the result of rule w hich found in 2)

w as a conclusion, then add the conclusion the

design database, or if the result of rule is an op�
erat ion, the execute the operat ion, and mark the

rule.

4) Check and find out if the solving is in the

design database, if y es, then end the solving

process, if no , sw itch to 2) .

5) Ask for mo re investment cast ing die de�
sign informat ion, if yes, sw itch to 2) , else end

the pr ogram.

6) If the rules in the base w ere used, then

end the progr am .

4 � Worked example and results

� � This sect ion pro vides a case study to illus�
t rate the investment casting die design method

based on hybrid reasoning. The design is devel�
oped based on the commercial U nig raphics ( UG)

CAD system . UG is chosen because it allow s us�
ers to build a customized system using U G/ Open

API ( w hich is the open applicat ion prog ramming

interface in U nig raphics) and suppo rts user�de�
f ined features ow ing to it s parametric natur e and

its ability to ext ract design informat ion f rom the

features.

T he design pr ocess can be described as fol�
low s: First , cor e block size, w ork st roke, f ile

save path and some other init ial info rmat ion

w ere imported into the system using the user in�
ter face ( as show n in Fig. 7) . T hen, the system

began to complete the rest o f the design auto�
matically. Tw o types of investment cast ing die

w ere designed and shown in Fig. 8.

F ig . 7 � Protot ype sy stem interface

1066



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

� 第 5 期 cast ing die of aer o�engine turbine blade based on know ledg

Fig. 8 � Die design instance

5 � Conclusion

� � A novel design method based on hybrid r ea�
soning w as proposed in this paper. T he reason�
ing pr ocess and key technolo gies w ere studied.

Besides, a pr ototype design sy stem for invest�
ment cast ing die of tur bine blade w as developed

based on UG second development plat form. Tw o

types of investment casting die w er e designed by

this system. T he exper iment results demonst ra�
ted that the present approach can dramat ically

improve the design quality and can save bo th

t ime and costs from the pr act ical standpoint o f

eng ineering . How ever, the current pr ototype

system has its limitations. A lthough the system

can assist user s to realize a cer tain level o f auto�

mation, it st ill requires the user input the init ial

par ameters to drive the st ructure design.
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