Jun. 2013

Transactions of Nanjing University of Aeronautics & Astronautics

PARAMETRIC MODELING OF COMPONENT LIBRARY FOR
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Abstract: The design of landing gear is complicated due to the numerous considered elements. And the initial ele-
ments related to each other can also be influenced by different factors. Landing gear design often involves a very
large variety of configurations, especially in the conceptual design phase. However, traditional method costs more
time to complete the whole procedure for suitable configurations of landing gears. Therefore, the parametric mod-
eling of component library for landing gear based on computer aided three-dimensional interface application/compo-
nent application architecutre (CATIA/CAA) is proposed. According to the analysis of the characteristics of land-
ing gear components, a method is presented to extract the primary parameters of landing gear components so that
a systematic classification can be established. Further, the related theories and methods, including receiving geo-
metrical parameters of the components and updating the parametrical model, displaying the component parts, are
also illustrated. Finally, the development technology for component library is explained. The proposed modeling
method can improve the efficiency of the whole design cycle for landing gear.
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INTRODUCTION

Landing gear is one of the most crucial com-
ponents of aircraft to support weight and absorb
stroke energy during the process of parking, taxi-
ing, taking off and landing. It has been described
as "the essential intermediary between the aero-
plane and the catastrophe”. The functions of
landing gear consist of many important aspects
for the flying safety, including supporting the dy-
namic and static load, absorbing and dissipating
the energy generated in the process of landing and
taxing on runway, alleviating vibration, depress-
ing landing load and maintaining the flight more
comfortable,

Traditional design process of landing gear
consists of the following steps: Conceptual design
phase, preliminary design phase, detail design

phase, pre-production prototype machine and
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prototype machine flight test. In the conceptual
design phase, parameterization technology is used
to create the three-dimensional shape model of
landing gear. For example, Li Haibin, et al pres-
ented a parametric modeling method which adopt-
ed computer aided three-dimensional interface ap-
plication (CATIA ) as the development platform™’.
Shi Yongsheng, et al described the modern intel-
ligent landing gear design and analysis in expert
system™. As a result, definitions of the key pa-
rameters of landing gear components can be ac-
cessed through the interface implemented by Vis-
usal Basic(VB), which is involved in the develop-
ment of CATIA. And the expert system theory
can also help the user to deal with the cases relat-
ed to landing gear design.

Most of the developments of CATIA are
based on VB application ( VBA) because it is a

relatively easy but powerful tool”™. Other meth-
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ods like Script language, Java, are not supported
by VBA environment and may not ever be. De-
spite the difficulty of software development,
C++is the most supported CAA/rapid applica-
tion development enviroment (RADE) language
with the advantages of object oriented power.
Their different development levels are shown in
Table 1.

Table 1 Object oriented option overview

Performance VB 6.0 CAA/RADE Combination
Programming . . .
difficulty Easy Hard Medium
GUI capability High Medium High
API exposure Low High High
quantity
/.\PI exposure Late Early Early
time
License cost Low High Medium
Maintenance Low High Medium

cost

based on the CAA/RADE
method, which is more effective to develop CAT-

Accordingly,

IA to implement the functions of parametric mod-
eling, a method to classify the parts and compo-
nents of landing gear is presented based on struc-
ture and functions. Then the development tech-
nology for component library and related engi-
neering knowledge and algorithm are described.
In this redeveloped system, users can complete
the parametric modeling by inputting the exact
value of the parts which have been defined in the
phase of construction of the database. Knowledge
of the design and completion of this function have
been raised in terms of CAA/RADE and is intro-
duced. Presently, some resolutions have been
presented. The system utilizes oracle database to
manage the directories of every parts and compo-
nents of landing gear, the geometry parameters
and property parameters and the engineering

knowledge and algorithms.

1 CLASSIFICATION OF LANDING
GEAR PARTS AND PRODUCTS
AND IMPLEMENTATION IN
DATABASE

Research on the library of landing gear compo-

nents and the integrated design system is an instruc-
tive work involving particular structures of landing
gear system according to the entire requirements of
digital engineering. It is also the curial contents of the
researches on component library of aircraft manufac-
ture digital engineering related to the integrated mod-
el-correlated system. The components are divided in-
to four levels according to the aircraft design phase:
Conceptual design phase, drafts design phase, assem-
bling design phase and detail design phase. The com-
ponents of first level are used in the conceptual design
process, which is also the model of the entire para-
metric modeling. Components in the other levels, on
the basis of different requirements in different pha-
ses, are used for manufacturing parametric products.
The first level components, which consist of many
aspects of properties and structure characteristics, are
constructed according to the criteria of three-dimen-
sion parametric modeling which is regarded as the
typical components of the special design field. The
filtered properties and geometry parameters are pre-
served accompany with the model after definition or
edit. The geometry parameters can accomplish the
construction of model. Properties and the parameters
edited to describe the function and performance attri-
butions provide base data for the function construc-
tion and prototype construction in simulation analy-
sis. The parametric prototype utilizes the analysis in
the following fields: Motion mechanism, drop test,
shimmy, full-scale model taxing, turning, steering
system, and braking. Primary structures, estimating
dimensions and kinematic pair of key components,
can be determined. The components data conserved
in the database are described in seven different tables,
as shown partially in Tables 2—4.

Tables 2—3 are connected by PRODUCT_
ID and SUBPART_ID as foreign-key, which
leads to a rapid query for SUBPART_ID through
PRODUCT_ ID.

Table 4 is used to save the information of the
parts defined by user directly, and it is connected
with the tables of properties and geometry parameters
by column COMPONENT_ID. Considering the
products’ special parts on its own, Tables 3—4 do

not have the foreign-key constraints.
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Table 2  Structure of landing gear product
Col PRODUCT - PRODUCT - PRODUCT - PRODUCT_ PRODUCT - PRODUCT -
otumn D NAME PATH CLASSID TYPEID LEAFLET
Data type VARCHAR2 VARCHAR2 VARCHAR2 VARCHAR2 VARCHAR2 VARCHAR2
. 1D of Name of Directory of Class of Type of Remark of
Explanation
product product product product product product
Table 3  Structure of part belong to landing gear product
Column SUBPART - ID PART_PATH PART_- LOCALFILE
Data type VARCHAR2 VARCHAR2 VARCHAR2
Explanation ID of the product including the part Path of the part Filename of the part
Table 4 Structure of landing gear part defined directly
< COMPONENT - COMPONENT - . " < -
Column D NAME CLASS_ 1D T'YPE 1D DIRECTORY
Data type VARCHAR2 VARCHAR2 VARCHAR2 VARCHAR2 VARCHAR2

Explanation 1D of component

Name of component

ID of the class
the component
belongs to

ID of the type
the component
belongs to

Directory of
the component

2 COMPONENT LIBRARY FOR
LANDING GEAR BASED ON
CATIA/CAA

Based on the platform of CATIA /CAA, three
databases are constructed for component library sys-
tem by utilizing Oracle 10g: Component library,

knowledge library and integrated system library. And

two subsystems, component library system and inte-
grated system, are also implemented.

Fig. 1 shows that the structures and the
functions of the component library system. It pri-
marily includes three sections: Component library
system, component library and knowledge librar-
y. The system should be operated by integrated

framework of system and user interfaces.

Component Component Rapid design of component
database system download parameters based on knowledge Template of
(CATIA) aircraft integrated
C t i
0;;{,00 ; ; & Interfaces of outer data design system
Integrated : Outer data
framework of ]
system and Input Skim
user interfaces
Component database system manager
- Material database
Que Security
Y management
~ L
Component Component
database of database of Knowledge
Component Level 1 Level 2 L | Knowledge
database database
(FTP) Component Component [ (Oracle 10g) Engineering
database of database of algorithm
Level 3 Level 4
Fig.1 Complete structure of system
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CATIA V5, with unique and powerful func-
tions on surface molding, reconstruction and
comprehensive combination analysis, are widely
used in the aircraft and the automobile indus-
try*. CATIA V5 is developed based on object
oriented options CAA/RADE, which provides ac-
cess to more functions in most areas of CATIA.
CAA is a significant method to reach the interac-
tive, integrated and user-definition functions.
Users can expand CATIA by developing CAA
CAA/RADE' s data
structure is different from that of Visual C+ +.

components. However,
It has three basic elements; Workspace, frame-
work, modulel™. A framework has no counter-
part in C+ -+, but is similar to a project. It is
very convenient for users.

The component library system consists of
two key libraries: Part library and product librar-
ies, implemented by Oracle database.

There are two main methods to develop para-
metric modeling design within CATIA V5. Using
the knowledge expert module and developing the
part and the product libraries based on CAA.
Considering the flexible parameters of landing
gear and different requirements and optimization
results, parameters, especially the geometry
ones, need to be changed frequently. So it is not
convenient to use catalog to manage parts and
products. Utilizing CATIA/CAA can meet com-
plex requirements for the geometry parameters as
well as the properties of the parts and assembly
products. Therefore, the component library sys-
tem is constructed according to the characteristics
of landing gear components. Fig. 2 shows the pri-
mary modules. The class and type management
are partly shown in Fig. 3.

The special steps are divided into four sec-
tions illustrated in the following paragraph. The
first step is the components entering. Also, con-
necting to Oracle database is implemented by Ac-
tiveX data objects (ADO)™! firstly.

Construction of components is the primary
stage of the first section. Mechanical products are

assembled by components and parts with hierar-

chical relationships. A component usually con-

Class and type
management

— Product database

Comp;);lsetgglbrary Part database
Knowledge

database

L Algorithm

database

Fig. 2 Component library system

Typical components
of landing gear

Crucial loading
— components of
landing gear

Free piston

General shock Upper
—{ absorber components foundation
The first grade of landing gear
components of — Lower
landing gear - - foundation
Crucial connecting N

— components of
landing gear

Extension and retraction
I system components
of landing gear

Manufactured
products

Fig.3 Classification of components of landing gear

sists of some parts whose structure tree can re-
flect the relationships. The vertexes in the tree
represent the ownership between components and
parts. According to the structure tree, it can be
seen that the components of the CATPart type
are insert without constraints and share the same

coordinate system .

The position relationships
are guaranteed by relative coordinate system con-
figured by designer. However., due to the type of
product, every part has independent coordinate
system, and constraints can define the relative
position between the parts. When the size of any
part changes, the whole product will change to
keep the assemble relationship unchanged. This
makes product and part, as the type, become the

factor to design the product library respectively.

Fig. 4 shows the dialog box of uploading a
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Product Upload

Library Construction
Product NumberfFroduct]

B [Typical Components ~]
Product Type [sirut Landing Gear ~]|
Hame X strut landing gear
ProductID G LI_Z1_G4
User T
Hotes The Y8 aircraft is & multi-purpose, ~
middle-range and middle-sized transport
Tt is an sircraft of all-metsl semi-monocoque
structure with cantilever high wing
retractable nose wheel landing gear. The main
lending gear is of quadricylce type with
Local Path  [C:iyun8\Y8qianqgi. CATProduct
Subparts Index
Part Suffix | Part Number [ Local Path A
CATPart qi anlunzhong. C: \yunf'\qi anlunzhong. CATFar t
CATPart waitong C: \yun8\wai tong CATPart
CATPart Jietou C:\yunB'jietou CATPart
CATPart huosaigan C: \yunS\huosai gan. CATPart
CATPart Part2l C:\yunS\Part21. CATPart
CATPart kexietou C: \yun8\kexietou. CATPart
CATPart zhizuo C: \yunB'\zhi zuo. CATPart
CATPart tuilsbing C:\yunS\tuilabing. CATPart
CATPart rhuanwanzuodongtong C: \yunB\zhusnwanzuodongtong. CATPart
CATPart Synmetry of 4 C: \yunS\Synmetry of CATPart ¥
Product Upload |
L caa |

Fig. 4 Upload products of certain landing gear

product, and the parts that constitute the product
are uploaded to FTP at the same time.

The geometry parameters and properties,
materials, for instance, are encapsulated within
the part uploaded to the library. For parametric
driving, by utilizing the relationship of parame-
ters created by knowledge model and part's ge-
ometry measurement, geometry features are
changed with the change of parameters. The re-
marks and the properties are also displayed during
the process of downloading the part. As shown in
Tables 2—3, the database provides instance in-
formation of the parts or the parts which the
product concludes.

During the process of downloading, the sys-
tem finds out part ID number in the database that
matches the part, and then reads the tables saved
in Oracle database which includs the parameters
and properties of the downloaded parts. After
downloading the part, the geometry are edited
and altered before instantiation. This step can im-
prove the efficiency of designing the part appar-
ently, especially for those parts with similar char-
Fig. 5

process of downloading a part. The geometry pa-

acteristics and structures. shows the
rameters and properties are displayed, which con-
tributes to the rapid design of landing gear. The
following discussion explains the main method of
catching the geometry parameters to alter the part

features.

Part Detail

Part
Part ID 1612 73 G4
Part Name Tntegrated structure
Upload Date2011-8-23 14:46:26
User st

Part Notes The invention rel
with a plunger ro
control of a resil

Fart Geometry Parameters

Paramcter notes | Type [Value | User {Earaeteriiotes
Partl\Integrated s... ANGLE 120deg degree degres which used to
Partl\Integrated s... LENGTH 10mm paratemter paratemter
Parti\Integrated s... LENGTH 1om distance  distance
Parti\Integrated s... LENGTH Omm distance distance

Part Properties

Property Neme
Haterisls

| Property Notes
il This kind of materisl has widely sppl.

| Property Type | Propert... | User
fords F00eMaSi s

Cancel I

Fig.5 Detail dialog of part in downloading process

Through the editor shown in Fig. 6, the ge-
ometry can be modified by the clients whenever
the part is used. By referring to the notes of the
parts, clients can realize the special characteristics

of different parts and make proper decision.

Update Geometry Parameters

Geometry Parameters affirm

Froperty Name | Propert... | Value | Hotes
Partl\Integrated structure plunger\Hol... ANGLE 120deg degree which used to
Partl\Integrated structure plunger‘Hol... LENGTH 10nm paratenter

. LENGTH 1mm distance

Partl'Integrated structure plunger 5
. LENGTH

Value Editor gnn spply |
| .

0K I Cancel |

Fig. 6 Geometry parameter renewing

In Fig. 6, the geometry parameters represent
the values of a round platform; the primary val-
ues are two lengths and two thicknesses. Accord-
ing to the verified model values, renewed model
can be updated. The key program codes are im-
plemented mainly by the following two methods:
Method GetRootContainer () and method GetAll-
Children O™, GetRootContainer () obtains Part
Container which belongs to a document. Then ac-
cording to the pointer which specially indicates a
container, the feature handle of parts can be ob-
tained. Method GetAllChildren () belongs to
CATIParmPublisher. Model features can be ob-
tained by this method. Then all the features are

stored into pointer piProductParmSpecObject.
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3 APPLICATION EXAMPLE

Fig. 7 shows the example of utilizing compo-
nent library. Firstly, the client needs to define
the relative parts to meet the optional require-
ments in the conceptual phase. On the basis of
the design knowledge, properties and the modifi-
able parts, the client can download the required
parts. Downloading parts means to download the
parts and its information stored in the database,
especially its geometry and non-geometric param-
eter information. After the parts downloaded, di-
alog box of geometric parameters will be kept
flickering on desktop for a while. According to
the required size, default size of the parts can be
modified. Assembly downloading is a similar

process but there is no parametric change.

SERFRBICRIEEE

AT

Qi

Fig. 7 Application instance of component library sys-

tem

Part uploading is one of the most important
steps in the process of parametric component li-
brary. It needs a series of user-defined data when
it has been uploaded. Defined data are stored in
an Oracle database with relative parts. Assembly
uploading is different from part uploading, al-
though there is no need for defining geometric pa-
rameters. The subparts of the assembly need to
be captured by the system, and then the list of
the subparts is concluded. Finally, the assembly
can be stored in the database with part informa-
tion. As Fig. 7 shows, in addition to filling in the

assembly name, assembly ID and description, the

software traverses the assembly sub-components,
including sub-level assemblies and parts. In the
dialog box shown below sub-parts index, all the
assembly is shown as the parts of their own. It
means that the file types are CATPart. Part
Number and the local path are also shown. At
last, the assembly is uploaded to FTP which has
been installed and maintained by database admin-
istrator.

Under this circumstance, the product can be
downloaded in the future. Relative parameters
can be redefined if needed. The notes can be the

instructive guides in the process of design.

4 CONCLUSION

An effective geometry aided component li-
brary based on CAA/ADO are implemented, and
the reusability of the parts and the products in
this system can significantly impact the paramet-
ric modeling involved in rapid design system.
Constructing the parametric geometry feature is
not an simple process since it usually involves
finding the accurate parameters which needs to be
altered before instantiation. Experiences and
knowledge accumulated for years can be utilized
and the primary clients can easily learn the meth-
od in conceptual phase of landing gear relying on
the knowledge in database and form the founda-
tion of a new rapid parametric design system.
More importantly, it can be seamlessly integrated
with computer aided engineering. An approach is
presented to implement the function of dimension
driving which is seldom applied in the past in re-
development systems. The significance is that it
makes more progress in the field of developing
CATIA by using CATIA/CAA instead of VB/
Automation which has been used normally be-
fore. The proposed method improves the level of
user definition of parameters, especially when ap-
plying the two key methods, method GetRoot-
Container () and method GetAllChildren ).
Compared to the preceding approaches, the pres-
ented method provides effective reference for the
development of full parametrical modeling.

The main contribution of our work is to pres-
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ent a library system which guides the clients to

construct or invoke the parts and the products of

landing gear. It is believed that the improvement

of automotive degree of software can bring about

significant economic benefit and also can networ-

king. It is hoped that the interfaces with other

simulation software can be accomplished so as to

achieve the integrated computation and simulation

in a short period of time.
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