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The experience, knowledge and expertise of a CAD designer covering areas of
product geometry and properties are crucial in producing design right the first time
and cutting short the product development cycle. A knowledge-based system that
could capture and retain his/her expertise gained in the past designs and re-apply to the
future designs is vital important. This paper describes the conceptual design and
architecture of a knowledge-based system developed for CAD Data Extraction,
Knowledge Processing and Reporting. A 3D CAD design serves as an input and
relevant data (geometry and properties) is extracted and output to a structure format.
The structure data is read and processed by the system, checking against the
predefined set of knowledge rules. A compliance report is generated and feedback to
the designer. The limitations and pre-requisites for CAD designs are also discussed
and presented in this paper.

1.0 Introduction

The ability of current mechanical CAD system in representing design for part,
assembly and drafting/drawing is well established. Parametric design and feature
based modelling are common technologies found in existing 3D CAD system
[1][2][3]. There are two common approaches of 3D design: a new design or/and
modification to existing design (Fig. 1). For new design, the designer will have to
model the part from scraich, starting either by 2D sketch and then
extrude/revolve/loft/sweep; or using 3D primitive to perform Boolean operations to
form 3D part. These are then followed by other feature operations such as hole, fillet,
chamfer, etc. Various parts are then formed together by applying assembly constraints
to build a 3D assembly. While for modification to existing design, dimensions and
other properties are changed/varied to form new part and assembly.

New Sketch/ Parametric,
: —» | Primitive/Part | —» ! Inputs/changes
Mechanicd | _x¥ desion / Assembly / Festure-based | of model
3D CAD ~ Feature design design parameters,
software Modification A naming,
toexisting |—»| Feature/ Part/ Variant relationship
design Assembly — design and properties
librarv/retise

Figure 1. Common approaches of design
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The underlying technology for Parametric Design is dimension driven geometry where
changes in geometry are generated by changes in dimensions value, constraint and
relation/equation (Fig. 2). In Parametric CAD system, geometric entities of models are
connected with parameters. Thus, selecting the right parameters that meet the design
requirements is essential role of design engineer. The experience, knowledge and
expertise of a CAD designer covering areas of product geometry and properties are
crucia in producing design right the first time and cutting short the product
development cycle. A knowledge-based system that could capture and retain his/her
expertise gained in the past designs and re-apply to the future designs is vita
important.
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Figure 2: Parametric design (dimension driven)

This paper describes the overview architecture of a knowledge-based system
developed for Mechanical CAD design, the limitations of CAD and pre-requisites. A
3D parametric CAD Autodesk Inventor and expert system shell KappaPC are used to
demonstrate the concepts.

2.0 Overview of Knowledge-Based System for Mechanical CAD Design

The system consists of 3 main modules. The modules are listed as follow:
i. CAD dataextraction

ii. Knowledge representation and processing

iii. Compliance reporting

The overview flow of knowledge-based system is shown in Figure 3 below.
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Mechanical
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T Feedback CAD "
and reused Libray |

Figure 3: Overview flow of knowledge-based system

A case study of furniture assembly (Fig. 4) is presented.
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Figure 4: Furniture Assembly

2.1 CAD Data Extraction

The overall of CAD design and extraction process flow is shown in Figure 5.

Parametric CAD data
Feature-based — extraction using — | Formatted CAD
Mechanical 3D CAD API Object data structure
CAD Software Model

Figure 5: Overall process flow of CAD modelling and extraction

The 3D furniture assembly is modelled in a parametric CAD system. In parametric

part design, these common steps are involved:

» Draw asketch

» Define geometric constraints among entities (line, arc, etc.)

» Define mode dimension value, naming the critical model parameters, establishing
relationship/equation among the parameters (e.g. naming the default dimension
value of d3to LENGTH, d4 to WIDTH for plate)

» Perform operations such as extrude, revolve, loft or sweep (e.g. THICKNESS of
plate)

» Generate variations by changing parameters and properties (e.g. LENGTH and
MATERIAL of plate to generate small, medium or large plate)

While in parametric assembly design, the common steps involved are:

» Defining assembly constraints, either static, rotational or transitional motions (e.g.
INSERT constraint for plate and stand)

» Defining constraints dimension vaue, naming the constraint parameters,
establishing rel ationship/equation among the parameters (e.g. INSERT and MATE
constraints for plate and stand)

» Generating variations by changing parameters and properties
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The model’s parameters and properties are then extracted using Autodesk Inventor
API object model (Visual Basic for Application - VBA). Sample codes are shown in
Figure 6.

Dim AreaVaue As Variant Extract propertl

AreaV alue=oPropsets.|tem("{ 32853F0F-3444-11d1-9E93-0060BO3C1CA6} ").ItemByPropl d(kCostDesignTrackingPr oper ties).Value
®1sgBox "The Areais, " & Value

Dim PartNumber As Variant
PartNumber = oPropsets.|tem("'{ 32853F0F-3444-11d1-9E93-0060B03C1CA6} ").ItemByPropl d(kPartNumberDesignTrackingProperties).Value
MsgBox "The Part Number is" & Value

Dim oParams As Parameters A Extract parameters
Set oParams = oPartDoc.ComponentDefinition.Par ameters

@terate through the Parameters collection to obtain information about the Parameters
Dim iNumParams As Long

- 4 Output to Excel
ExcelSheet.Application.Cells(1, 1).Value = Value
For iNumParams = 1 To oParams.Count

®isplay the Name

Excel Sheet.Application.Cells((iNumParams + 1), 1).Value = oParams.Item(iNumParams).Name

®isplay the Value
Excel Sheet. Application.Cells((iNumParams + 1), 2).Value = oParams.Item(iNumParams).Value

Next iNumParams

Figure 6: Sample code to extract properties and parameters and output to Excel

2.2 Knowledge Representation and Processing

The furniture assembly structure and relationship, part’s parameters and properties are
extracted in the extraction module. All these data will be inputted or appended to the
object structure in the knowl edge-based system (Figure 7).

BaseStand—--- Stand01

BSShort ---BSS01
Bo(IySmn(I%BSLonU ---BSL01
BSMid --- BSMO0T
.- Cap01 L] 'l ‘ =
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PlateShort——--- Plate§01 Parent Claso: Furniture
PlateLong——--- PlateL 01
- -PlateM01 T | S Methods:
PlateMid ——:_ PlateM02 Tomgth FrE——
Assembly2 material checkparameter
*Assembly®3 “w;];ﬂ}:"”ss checkproperties
B

|1;a]:ea:|s lr;rinrity:

Iffx:Material = PYC;

Theni{{

SeiPosiMessage Title( "Material Property™ );

[PostMessage( x, " wrong material of ', x:Maierial, * should use MDF* );
I

Figure 7: Furniture part and assembly properties and rules
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Taking the furniture's plate as an example, the critical parameters for plate are length,
material, thickness and width. There are various methods for the Plate class object
where the methods will invoke the pre-defined rules. For instance, the checkproperties
method will assert the checkmaterial rule and if designer specifies or selects a wrong
material for PlateM 02, a non-compliance message/report will be generated to warn the
designer. The rules are built and programme with the assistance and consultation of
experience designer.

For modification to existing design, the designer will have to consult the knowledge-
based system to retrieve the existing designs. The existing design options will be
generated by the system, in this case (PlateMO01, PlateM02), providing the relevant
parameters and properties. The designer will then retrieve the design from the CAD
library and applying variant design technique, i.e. changing the parameters and
properties to generate new design (Fig. 1). In this approach, the designer does not have
to design from scratch, and the previous knowledge and successful case of designing
the plate could be retrieved and reused.

2.3 Compliance Reporting

The knowledge-based system will check against all the pre-defined rules. If violation
is detected, the part and assembly data structure will be deleted from the knowledge-
based system data tree and a violation report (Fig. 8) will be generated to warn the
designer about the lacking in the model. If no violation occurs, the data will be
permanently saved in the system and this design could be used as guide and retrieved
for future reference and variant design. -

3 HEE

Cap02 wrong material of PVC
Cap02 should use Middle Density Fibre Board

Figure 8: Compliance report

3. CAD Requirements

To materialise the processes stated above, there are some limitations and pre-
requisites of CAD design that must be complied to. First among all, the CAD system
should support parametric design as parametric feature/technology supports the
reusable and redesign of existing designs. For new design, the designer will have to
identify the critical parameter values and provide proper naming that are coincide with
the terms defined in knowledge-based system rules. As there could be a long list of
parameters for a design (Fig. 9), only the critical parameters (e.g. length, width,
thickness) are required to be renamed (e.g. from d3 to length) correctly and
accordingly.
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Figure 9: Parameters for Furniture (Plate)

As for modification to existing design, the CAD system shall provide access to
library/user defined feature/library. Through this library, the designer can retrieve the
existing design options (Fig. 10) and then perform variant design by changing the
parameters and properties to generate new design.

Figure 10 Critical parameters (Keys) and existing designs optionsin library
To facilitate design data extraction, the CAD system should provide the API object

model (Fig. 11) [4]. The object model should be comprehensive enough to cover part,

assembly, drawing designs so that the relevant parameters and properties could be
extracted.

Figure 11: CAD API object model
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4, Conclusions

This conceptual system has demonstrated the ability and capability of directly
integrating parametric 3D CAD model with a knowledge-based system. The system®
knowledge structures are able to store large amount of design knowledge, based on the
inputs from the experts and relevant standards. However, there are some pre-requisites
for CAD software and designer to adhere to, as discussed in the previous section.
Further research could be done on a larger and more complicated assembly models
and integrate to CAE, either using the proprietary CAD API object model or neutral
file format such as STEP [5].
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