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Abstract 
Finite Element Analysis has been established as one of the major techniques to evaluate 
structural behaviour during product development. Much focus has been spent on both 
improving the accuracy and robustness of numerical predictability or the computing power 
itself. This work presents another important aspect – the practical bottleneck of conducting FE 
analysis in product development, namely the lead time required to prepare FE analysis models 
– FE pre-processing. Automation and increased system support early on in engineering 
activities not only allow a way to shorten lead-times and increase quality where they impact 
the final cost the most, they are also ways to balance the allocation of engineering personnel 
and prepare knowledge driven systems that will jumpstart the project when going live. The 
approach here is to automate pre-processing activities, Geometry Idealization, Mesh 
Generation and Input definition. Automating pre-processing activities reduce the lead time 
while improving quality. Engineering activities focus on the studied phenomena and an 
increased number of concepts result in improved ground for decisions. 

Keywords: Knowledge Based Engineering, Automation, Finite Element Analysis, Pre-
processing. 

1  Introduction 
Finite Element Analysis is established as one of the major techniques to evaluate structural 
behaviour during product development. Much focus has been spent on both improving the 
accuracy and robustness of numerical predictability or the computing power itself.  
This work presents another important aspect – the practical bottleneck of conducting FE 
analysis in product development, namely the lead time required to prepare FE analysis models 
– FE pre-processing. 
Defining robust and standardised engineering pre-processing work is beneficial from both a 
lead time and quality points of view. By automating pre-process activities analysis engineers 
can focus on the studied phenomena rather than struggling with tedious pre-processing tasks. 
Knowledge Based Engineering (KBE) techniques aim to automate and provide system 
support for engineering activities, including decision-making capabilities built on 
“engineering knowledge”. Rules and data are updated as the KBE system evolves, both 
during the pre-study of a project and the emergence of the projects final concept. 
Searching for several solutions during the conceptual phase where parts of the larger system 
are optimized towards requirements on the larger system (life cycle cost, production cost, 
maintainability, recycling, etc.) is one way to minimize risk. 
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Improving systems support by automation early on in engineering activities not only allows a 
way to shorten lead-time and increase quality, it is also a way to balance the allocation of 
engineering personnel by building and preparing knowledge driven systems that will 
jumpstart the project when going live. 
One of the first engineering tasks in structural design within aerospace is to define the 
preferred load path design for structural stiffness. This task is divided into several sub 
activities, viz. Geometry definition, Geometry Idealization, Mesh Generation, Analysis Input 
Definition, Analysis and Post Processing; see Figure 1. 
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Figure 1. Analysis process today. 

These activities are iterated for different concepts. Normally, this process requires significant 
time and is a tedious task with considerable risk for human errors. Considered a good 
candidate process for KBE, the approach has been to automate the three most time-consuming 
of these activities, Geometry Idealization, Mesh Generation and Input definition. Fortunately, 
solving the input deck has already reached a high level of automation. 

2 Related Work 
Automation of engineering activities is starting to become more and more common within the 
industry, Table 1. A technique commonly used is Knowledge Based Engineering (KBE), 
defined by the MOKA Consortium (Methodology and software tools oriented to knowledge 
based engineering applications) [1] as: 
“The use of advanced software techniques to capture and re-use product and process 
knowledge in an integrated way” 
This technique performs or assists engineers in a wide variety of tedious, routine tasks. 
Chapman and Pinfold [2] describe how a KBE system is used to perform geometry 
simplification and mesh generation in minutes, if the geometry model is changed. Zweber and 
Blair [3-4] describe how a KBE system is used to analyze the trade-offs among the wing’s 
structural layout, outer mould line and manufacturing cost. Schueler and Hale [5] describe 
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how a KBE system is used to simulate the positioning of tow path curves in a fibre placed part 
based on specific fibre angle control methods that identify a real potential for expected weight 
savings on a representative aerospace structure.  

Table 1. Sample of automated engineering activities using Knowledge Based Engineering. 

Knowledge Based Engineering 

Product Discipline Discipline relationship Author 

Car Body 
Structure 

Design, Analysis Pre-processing of design Chapman and Pinfold [2], 
2001 

Wing 
Structure 

Performance and 
manufacturing 

Performance and manufacturing analysis of 
a wing 

Zweber et al. [3], 1998 

Wing 
Structure 

Design, Cost, 
Analysis 

Design, Cost estimation 
(manufacturing concerns) 

Blair and Hartong [4], 
2000 

Aerospace Design, Analysis, 
Manufacturing 

Manufacturing and performance evaluation 
of design 

Schueler and Hale [5], 
2002 

3 Method 
This chapter explains the knowledge enabled pre-process, Figure 2, whose main idea is to 
capture and create a generative model where Geometry Idealization, Mesh Generation and 
Analysis Input Definition can be performed automatically. The approach uses both parametric 
advantages with a CAD system and the abilities of a KBE system to handle rules.  The 
presented case studied is a structural component located in the fan section module of a 
commercial aircraft engine. Its main function is to connect and transfer propulsive thrust from 
the engine to the wing structure on the aircraft. 
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Figure 2. Automation of pre-processing activities. 

 

Figure 3. Simplified shell model. 

3.1 Geometry Idealization 
In the geometry idealization activity the 
engineer defines a context model that 
represents a 3D solid definition; see Figure 
3. This model is optimized for rapid FEM 
analysis and is composed of 2D geometry, a 
mid surface model. Apart from the task 
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of calculating the numerical position of the mid 
shell geometry, this activity includes a number 
of simplifications described in the derived 
documentation from previous projects. A 2D 
cross section with a view of the general 
arrangement for a standard engine is used to 
extract interface data describing the 3D 
geometry along with user specified positions 
for engine mounts and other component 
interfaces. Figure 4 describes positioning of the 
mid line inside a 3D solid definition. At 
interfacing regions such as circular flanges, the 
mid shell position can be defined on the surface 
of the 3D definition.  
By creating a number of planes controlled by 
rules, faces of the mid surface model are 
sectioned to simplify and improve control of 
the mesh. If the number of struts is increased or 
decreased or if strut angle is changed, the 
model will then automatically update the 
planes position. Each plane is also used to 
divide the mid surface model according to 
Figure 5. 

3.2 Mesh Generation 
Generation of a mesh on the idealized 
geometry is done via best practice instructions; 
see Figure 6. Depending on the configuration 
alternatives for the mid shell model, the general 
rules are carried out by setting an edge density 
for the mesh. In this application, loads and 
boundary conditions are added later in the 
input file, executed by an external ANSYS™ 
solver outside the CAD program. This 
approach utilizes in-house know-how and 
supports a best breed concept where the best 
tool for each engineering activity is used. 

Figure 4. “Sketch” describing mid line position for 
circumferential geometry in an x-section view. 

 

Figure 5. Simplified shell model divided into several 
surfaces to allow better control of the mesh. 

 

Figure 6. Meshed model. 

3.3 Solver Input Definition 
A Solver Input definition consists of mesh elements, nodes and load cases. A solver input file 
is configured for a specific analysis and prepared to match the selected solver. In this case an 
input file is generated from the application containing mesh elements and nodes. A load case 
is added to the file with the help of scripts in ANSYS™.   
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Figure 7 illustrates an analysis input definition utilizing scripts in ANSYS ™ to apply loads, 
solve and post results back to the user.  
 

/BATCH,LIST
/COM, UG-Scenario prep7 Deck for Ansys
/FILNAM,scenario_1
/TITLE, , LINEAR STATICS ANALYSIS
/ASSIGN,OSAV,scenario_1,osav,C:\DOCUME~1\yy26419\LOCALS~1\Temp\
/ASSIGN,MODE,scenario_1,mode,C:\DOCUME~1\yy26419\LOCALS~1\Temp\
/ASSIGN,TRI,scenario_1,tri,C:\DOCUME~1\yy26419\LOCALS~1\Temp\
/ASSIGN,FULL,scenario_1,full,C:\DOCUME~1\yy26419\LOCALS~1\Temp\
/ASSIGN,EMAT,scenario_1,emat,C:\DOCUME~1\yy26419\LOCALS~1\Temp\
/ASSIGN,ESAV,scenario_1,esav,C:\DOCUME~1\yy26419\LOCALS~1\Temp\
/PREP7
ANTYPE,STATIC
NBLOCK,6,SOLID
(3i8,6e16.9)

51130       0       0-1.67964384E+002-2.38621123E+0022.720952425E+002
63337       0       0-1.88635724E+0012.817845603E+0024.246042309E+002
49631       0       0-6.77709655E+001-2.35409421E+002-3.53845024E+002
63613       0       01.403472584E+001-4.61719378E+002-7.29734911E+001
19020       0       01.059616847E+0027.862147402E+0023.230578622E+002
67310       0       09.374982254E+001-1.93450717E+0011.964191164E+002
21847       0       0-4.97757223E+001-2.49765191E+0014.242654517E+002
67144       0       09.374857383E+001-1.39561529E+0021.395615292E+002
61940       0       06.092903120E+0013.347917634E+002-3.84724451E+002
38708       0       09.643500180E+001-3.02914558E+0021.509580043E+002
51898       0       0-1.21894659E+0022.876392192E+002-1.92198251E+002
61949       0

 

Figure 7. Simplified model, ANSYS ™ script and posted result.  

3.4   Graphical User Interface 
Graphical user interface provides user-
friendliness to the application and is 
directly linked to best practice 
documentation providing reassurance and 
first hand knowledge to the design 
engineer; see Figure 8. A user interface 
provides control over the mesh type, 
number of struts and other parameters. 

 

 

Figure 8. Interface for meshing application. 

4 Results 
By controlling the geometry and procedure in each phase, the application provides a rapid and 
still flexible way to produce iterative engineering analysis for conceptual evaluation. The test 
case below illustrates the time needed to perform the pre-processing activities, apply the rules 
and, finally, run the application. 

4.1 Test Case 
Figure 9 presents 8-, 16- and 24-strut configurations where a modal analysis is performed. 
Lead time for each activity in the knowledge enabled pre-processor is measured for each 



 
 

  94 

configuration. The increased time to create a KBE model compared to interactively 
generating an analysis model is equal to the time required to define rules and boundary 
conditions that satisfy the analysis process. 
    

   

Figure 9. From left, 8, 16 and 24 struts configuration. 

Table 2 describes the time used in this test case to produce a KBE model capable of 
generating analysis models for load path analysis. The time specified shows how long it takes 
engineers at Volvo Aero to perform the different pre-processing activities. The first column 
describes the activities, “Create geometry”, “Subdivide geometry”, “Create mesh” and 
“Create solver input file”. Column labeled “Interactive work” describes the time to manually 
perform these activities. The following column labeled “Apply rules” shows the time needed 
to apply the design rules, making it possible to run the pre-processing application 
automatically. The final column, “Program run”, shows the time needed to run the application 
and perform the pre-processing activities. 

Table 2. Time consumption performing different activities. 

Time table 

Pre-processing 
activity → 

↓ 
Interactive work Apply rules Program run 

Create geometry 2 h 1 h < 1 min 

Subdivide geometry 3 – 9 h 2 h 2-3  min 

Create mesh 3 – 9 h 2 h 8 - 45 min 

Create solver input 
file 

-- -- 1 – 2 min 

∑
~  10 h 5 h 1 h 
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The graph in Figure 10 compares the time it will take to generate 10 concepts interactively 
and automatically.  
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Figure 10. Graph describing the time saved in each iteration between working interactively compared to 

knowledge enabled pre-processing approach. 

 

5 Conclusion 
The extra time needed to apply the rules in this test case has already reaped benefits in the 
second run. Instead of creating 10 concepts within 2.5 weeks, it can now be done within 2 
working days.   
Consequently, beneficial increases with the number of concepts generated have been noticed, 
both regarding lead time and quality. By automating pre-processing activities, design 
engineers can focus on the studied phenomena, evaluate a large number of concepts and 
gather important knowledge before decisions are made. The approach chosen allows iteration 
with maintained quality between configurational solutions. A reduced lead-time permits the 
opportunity to create several concepts within the available timeframe. Each concept can be 
tested in the larger system and their effects on it. This will allow for the larger system to be 
optimized against different properties (life cycle cost, low production cost etc.). As pre-
processing activities are performed within a system, traceability of unexpected results 
becomes an achievable task. Methods and activities are described in a formal programming 
language and analysis results can be repeated, providing accessibility to reviewers. 

6 Discussion 
With a total lead time reduction from days to minutes for each concept, engineers can focus 
on the studied phenomena and capture more knowledge to improve the KBE model. 
Knowledge enabled pre-processing applications enable design iterations, see Figure 11. 
Instead of only modifying the allowed parameters on the idealized analysis model, engineers  
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can change the geometry definition where the 
entire pre-processing activity is performed 
automatically. The combination of traditional 
CAD functionality and an Object-Oriented 
functional programming language that 
utilizes lazy evaluation, in contrast to "strict 
evaluation", which is nominal for most 
programming languages, such as Knowledge 
Fusion™ [6], is not free from clashes. 
Traditional CAD systems have a procedural 
workflow, taking one activity after the other, 
trigging configurational changes that often 
result in updating issues.  
The combination of traditional CAD 
functionality and an Object-Oriented 
functional programming language that 
utilizes lazy evaluation, in contrast to "strict 
evaluation", which is nominal for most 
programming languages, such as Knowledge 
Fusion™ [6], is not free from clashes. 
Traditional CAD systems have a procedural 
workflow, taking one activity after the other, 
trigging configurational changes that often 
result in updating issues. 
The main advantage of using a traditional 
CAD system is the flora of features and the 
easy continuations in downstream work that 
follow. 
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Figure 11.  The application enables design iterations. 
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