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Figure 1.1 Formatting of CAD-model based on production process. 
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Figure 1.2 The PD process adapted from (Johannesson, Persson et al. 2004). 
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Figure 2.1. The empirical hypothesis testing research process as adapted from (Roozenburg and Eekels 1995). 
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Figure 2.2. A design research methodology (DRM) adapted from (Blessing, Chakrabarti et al. 2005). 

Figure 2.3. Activities in the research projects. 
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Figure 3.1. The different technologies used. The CAD-technology takes a central position. 
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Figure 3.2 Programming examples in VB scripting. 

 

Dim point1 as point
Dim Allvertices as vertex()
Allvertices=Model.search ”Topology.vertex”
point1=AddPointOnVertex(Allvertices.Item(n))
Point1.GetCoordinates xyz
xyz(0) ’the global x-coordinate
xyz(1) ’the global y-coordinate

Dim sketch1 as sketch
Dim sketches1 as sketches
Sketch1=model.sketches.Item(n)
For i=1 to sketch1.GeometricElement.count

if TypeName(sketch1.GeometricElement.Item(i))=Line2D then
sketch1.GeometricElement.Item(i).length=
2* sketch1.GeometricElement.Item(i).length

end if
Next

Example 1 Example 2



 

 

 



 

 

 

Figure 3.3 Tooling direction and parting line features. (Illustration from Paper VI) 
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Figure 3.4 Features of the die-casting process (Illustration from paper VI). 
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Figure 3.5. The features of the PM process. (Illustration from Paper V) 
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Table 3.1. The features manufactured by the two processes. 

Primary feature Secondary feature Specialised features

PM Pressing and 

sintering

Column feature Chamfer, round, Draft Face form

Die-casting Rib feature, shell feature Chamfer, round Draft User defined   

Example: Screw 

attachement

Process
Feature





 

 

 



 

 

 

™

™

XtHL /),min(



 

 

 

 



 

 

 

 



 

 

 



 

 

 

 

 

 



 

 

 





 

 

Figure 5.1 system levels. 
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Figure 5.1 Fitting parameterised wireframe to model edges. 
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Figure 5.2 The use of DAR-models in the PM and die-casting context. 
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Figure 6.1 The solid-model reconstruction process (Illustration adapted from Paper V). 
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Figure 6.2 Location of material relative to the loop 
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Figure 6.3 Dependant and independent loops. 
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Figure 6.4 Identifying secondary features and face forms in a PM part. 

 

 

 

 

 

 

Figure 6.5. The different geometrical conditions checked. (Illustration from Paper IV) 
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Figure 6.6 Creating a surface representation for shell element meshing. 
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Figure 6.5 Managing knowledge items in template CAD-files. (Illustration from Paper VI). 
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Figure 1: Traditional FEA workflow in the studied example. 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

Figure 2: Main features of the KBES. 



Figure 3: Trimming of adjacent segments. 

 

 



Figure 4: Clutch housing. 

Figure 5: First feature “Pad”. 

Figure 6: Second feature "pocket". 

Medial 

sketch (red) 

Sketch for 

”Pad” Sketch for 

”pocket” 



Figure 7: Two intersecting surfaces present in the geometry idealisation. 

Figure 8: Resulting surface after trimming. 

Figure 9: Result after adding three protrusions. 



Figure 10: Trimming of segments. 

Figure 11:  Final surface idealization.  Meshed using 2mm shell elements 
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Figure 1: Steps a to d.  



Figure 2: Resulting mid-surface representation. 

 

 

 

 

Figure 3: Test object to estimate time consumption from solid-model to FE-mesh. 



Table 1: Time spent to complete FE-model. 

 



 



Figure 4: Standard elements and surface patch removal. 

 



*/Rule 1:

Set Body1=PartBody 

*/PartBody contains the solid geometry 

of the CAD-model.

Set Shapes1=Body1.Shapes

*/Shapes1 is the collection of features in 

the PartBody

For i=1 to Shapes1.count 

*/count is the number of features in the 

collection.

Shape1=Shapes1.Item(i) 

*/The feature # i is extracted

If Shape1.Type=”Pad” then 

script1(Shape1) 

If Shape1.Type=”Pocket” then 

script2(Shape1)

… …

….

If Shape1.Type=”Fillet” then 

scriptn(Shape1)

*/ The appropriate script is started, 

depending the feature type

Next

End rule 1

Script1(Shape1)

Set Plane1=Shape1.SketchPlane 

*/The SketchPlane of the feature is 

extracted

Set Limits= Shape1.Limits

*/ The extrusion limits are extracted

Set sketch1=Shape1.Sketch1

Set 

GeomItems1=sketch1.GeometricalItems 

*/The geometrical items in the sketch are 

extracted

StdFeat=ExtractStdFeat(GeomItems1, 

Limits)

*/ Check if it is a standard feature.

If StdFeat=FALSE then

Wireframe=ExtractWire(GeomItems1) 

*/ the wire-frame geometry is derived, 

provided it is not a standard feature

Call WriteSurface(Wireframe, Limits, 

Plane1) 

*/ An extruded surface is created in the 

same CAD-model

End Script1



Figure 5: Simplified UML class diagram. 
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Fig: 1: Mid-surfaces obtained using two different automatic mid-surface extractors. 



Fig: 2: Connected mid-surface representation. 



 

 



Fig: 3. Main menu of demonstrator program. 



Fig: 4. Surface representations that correspond to the standardised features of the main menu. 

Fig: 5. Complete mid-surface representation. 

 



Fig: 6. Regions left after processing the model. 
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Figure 1. Compaction tooling assembly. 
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Figure 2. Deriving the construction history. 

 

Figure 3. Exception parts. 
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Figure 4. Geometrical conditions checked. 
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Figure 5. A selection of the PM parts tested. 
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Figure 1. Planned function of PM-Wizard. 
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Figure 2. Algorithmic conversion of arbitrary CAD-model to PM format and proposed used. 
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Figure 4. Examples of common features found in pressed PM parts 
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Figure 5. Loops found in example model 
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Figure 6. Loop arrangements in planes. 

Figure 7. Reconstructing the sample model from Figure 3 in the receiving CAD-system.  
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Table 2. Parts tested 



 

 

 

 

 

 

 

 

 



 

 

Figure 8. The closed loops and their material directions used for the creation of a preliminary tooling assembly. 
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Figure 1. Interface between CAD-model and CAD/KBE system. 

Arbitrary CAD-model

Formatting based on 

general  product and 

product knowledge

CAD and KBE system allowing 

user refinement of knowledge, 

adapting to specific product

Interface Receiving CAD/KBE system 



 

 

 



 

 

Figure 2. Die-cast part. 
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Figure 3. PM and die-cast features for identification 
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Figure 4. Parameterized loops for die-cast part (left) and PM-part (right). 
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Figure 5. Identifying features in planar projection planes. 
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Rib and user features 

identified. Medial 

segments and user 

feature representations 

constructed

Reconstructed loops 

after removing 

secondary features.

All loops extruded to full 

height of part.

Material is removed in the 

opposite material direction

Reconstructed  

part

Removed material



 

 

Figure 7. The construction of target mid-surface for shell element meshing 
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Figure 8. Knowledge features from template CAD-file amended to reconstructed model. 
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Figure 9. Finding features in projected sketches 
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