
MASTER’S  THESIS
2009:111 CIV

Universitetstryckeriet, Luleå

Albert Tenllado Cunillera

Structural Model for Jet Engine 
Configuration Using 

Knowledge-Based Engineering

MASTER OF SCIENCE PROGRAMME 
Mechanical Engineering

Luleå University of  Technology 
Department of Applied Physics and Mechanical Engineering 

Division of  Functional Product Development

2009:111 CIV • ISSN: 1402 - 1617 • ISRN: LTU - EX - - 09/111 - - SE

Structural Model for Jet Engine 
Configuration Using 

Knowledge-Based Engineering

Albert Tenllado Cunillera

Master of Science Program 
MECHANICAL ENGINEERING

Luleå University of Technology
Department of Applied Physics and Mechanical Engineering

Division of Computer Aided Design 



Structural Model for Jet Engine Configuration Using Knowledge-Based Engineering 
Albert Tenllado Cunillera                2009  

 2 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 



Structural Model for Jet Engine Configuration Using Knowledge-Based Engineering 
Albert Tenllado Cunillera                2009  

 3 

Preface 
 
This report is the written result of the compulsory Master Thesis work needed to gain a 
Master’s degree in mechanical engineering at Luleå University of Technology. The 
work corresponds to 30 ECTS points and has been going on from January 2009 to May 
2009.  
 
The thesis work has been performed under supervision of Marcus Sandberg at the 
division of Functional Product Development, Luleå University of Technology. The 
work has been carried out at the Luleå University of technology, Sweden. 
 
I would like to thank my supervisor Marcus Sandberg for his guidance and support and 
also my examiner Tobias Larsson, and also to Lars Laitila, to help me disinterestedly. 
 
Albert Tenllado Cunillera 
Luleå 2009-05-30 



Structural Model for Jet Engine Configuration Using Knowledge-Based Engineering 
Albert Tenllado Cunillera                2009  

 4 

Abstract 
 
Nowadays, companies make efforts to reduce the time invested during their product 
development process, to decrease the product cost. A proof of this is the automation of 
many routines, which reduces time and cost for  the companies, which benefits the 
costumers.  
 
In the same way, the quality of the process cannot be worse than before; the product 
analysis are useful to earn money talking in long terms, and, contrary to what seems, it 
is an investment not only for the current project, but also for further ones. 
 
This project is a part of a bigger one. This part consists of the modeling of a fan case of 
an engine. Though, the modeling is not only a CAD-based model; the model is built 
using rules, with a Knowledge Based Engineering system as a tool. This part will be 
used in a cyclic routine, and its time will be decreased due to the enhancement of the 
model with these rules. The ability to edit some design parameters in a fast way will be 
one of the targets of the result of this project. This will be possible by using the KBE-
module of Siemens PLM NX5 called Knowledge Fusion to implement a simplified 
turbofan jet engine. 
 
The Knowledge Based Engineering (KBE) is a relatively new technique used to develop 
models by using implemented rules, which are supposed to model the reality’s behavior. 
This means that there are several rules that require to be known and to be controlled. 
 
This project has been carried out by distance, out of the university. The tutorial has been 
done by email contact, but also with weekly meetings, in order to solve the doubts, 
questions, and technical troubles. 
 
The result of this project is a model, implemented by KBE rules, able to be enhanced 
and be improved, which will be written down in DefClass File ASCII, with a .dlg and 
.vb files, which will include the interface to edit this model. As always, the model can 
be defined in different ways, the option that has been taken in this each case is the 
simplest one, in order to assure the stability of the system, and the quickness. There are 
however a lot of powerful tools that can be applied in this model, for instance, the what-
if scenarios, which enables automatic modification of the design features depending on 
the input. 
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Nomenclature 
 
To further enhance understanding, the following list of abbreviation has been stated. 
These abbreviations have been used throughout the report and are frequently used in 
the engineering jargon. 
 
2D  Two-dimensional  
3D  Three-dimensional 
CAD  Computer Aided Design 
CAE  Computer Aided Engineering 
CAST  Computer Assisted Self Tech 
DFM  Design For Manufacturing 
.dfa  DefClass File ASCII 
DOF  Degrees Of Freedom 
FEA  Finite Element Analysis 
GUI  Graphic User Interface 
KBE  Knowledge Based Engineering 
KF  Knowledge Fusion 
ICE  Interactive Class Editor 
Matlab  Matrix Laboratory 
NX  The CAD software used during the report  
PLM  Product Lifecycle Management 
UGS  Unigraphics Solutions 
VAC  Volvo Aero Corporation 
WEM  Whole Engine Model
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1. Introduction 
 

This project belongs to one of three parts of a bigger project: the aim of the big one is to 
develop an automated routine which will do the mechanic analysis of a piece of an 
aircraft engine, such as the stress analysis, the displacement analysis, or the stiffness 
analysis, all of them by using FEA systems.  
 
This Master thesis project is a piece of study of a simplified turbofan jet engine, which 
will be called during the project “the whole engine model” (WEM). The project was 
done in collaboration with Volvo Aero which is a Swedish company that deals with 
aerospace business, specialized in structural jet commercial engines. The purpose of this 
labor is to try to make Volvo Aero’s product development activities more effective, by 
making the right things, and efficient by automating processes. The three different parts 
are divided into the modeling part, the advanced simulation part, and the analyze part, 
as it can be seen in Figure 1. 
 

 
Figure 1 Schema of the tasks of the whole project 

 
The part which has been done in this project belongs to this which is inside the red 
square with continuous lines. On the top of the picture, it is possible to see the software 
that was planned to be working with; NX and Matlab (Matrix Laboratory). NX is a 
CAD/CAE environment that also provides Knowledge Based Engineering tools and 
Matlab is supposed to get results of the analysis and the dynamics performances.  
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In addition, a Graphic User Interface, also editable in NX, which will do more 
graphically the way to build up the model and enhance the properties of the model was 
developed. 
 
Knowledge-based engineering (KBE) allows storing the geometry of a model, and lets 
attach the knowledge in the software, useful for synthesis and analysis of products. This 
system can insert parameterization, but also is able to make radical changes. KBE is 
used to automate routine design work, and by this way, save time (figure 2). 
 

 
Figure 2 Typical routine work that can be automated. [2]. 

1.1. Volvo Aero Corporation 
 
Volvo Aero is a wholly owned subsidiary of AB Volvo, in which there are up to 3,600 
employees, and they operate in the United States and Norway, in addition to Volvo's 
home country, Sweden. In cooperation with the world’s leading manufacturers, 
they develop and produce components for aircraft, rocket and gas turbine engines with 
high technology content [1]. 
 
Service and maintenance are another important part of their business. They offer an 
extensive range of productivity-boosting services, including sales of spare parts for 
aircraft engines and aircraft, maintenance, repair and overhaul of aircraft engines and 
gas turbines as well as sales and leasing of aircraft engines and aircraft. 
 
Their business philosophy is based on close cooperation with their aerospace partners. 
They have chosen to specialize in order to be truly competitive in each field of 
operation. This is mirrored by their business concept  "Specialized for Partnership" and 
their vision "Best Partner". 
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1.2. Overall goal and specific goal 
 
In the general project, the aim of the model is to calculate some design parameters 
which need to be optimized, as they can be, for instance, the relation among the tip 
clearance, the hole radius and the fan radius; in order to get a maximum power by 
reducing the tip clearance surface, but with enough security to assure that there won’t be 
contact between the fan and the case. Other parameters such as the optimal length of the 
bearing will be discussed and calculated also. 
 
The specific goal within this Master’s thesis project is to develop a model, with its 
geometric features added with rules. 
 
According to the project description the overall and specific goals are defined 
respectively as:  
 
“To develop a structural model that enables configuration of different jet engine 
concepts and used as input to the research project where dynamic and stress analysis 
will be performed. 
 
The specific goal is to use the KBE-module of Siemens PLM NX5 called Knowledge 
Fusion to implement a simplified turbofan jet engine. Although the focus is on the 
structural (i.e. the parts that create the stiffness of the jet engine and mostly are static) 
parts there is an interest to model the fan and the shaft as the masses will be needed as 
input to the research project.”[2]. 

 

1.3. Approach  
 
The main tasks are a literature review, knowledge acquisition which means collecting 
information for the rules, implementation of the rules, evaluation of benefits and 
drawbacks of this model, report and oral presentation. The tasks have been done in 
parallel. 
 

1.4. Product modeling approach 
 
The information included in the model is basically geometry, but was planned to hold 
material type, FEA-process, optimization process and then, some other particular data 
for the model. 
 
“The type of product data may vary considerably depending on issues such as; life 
cycle, product complexity, internal or distributed”  [3]. 
 
All this information requires a well-organized design system and a structured way of 
building the product model. 
 
As it is said before, the model is not developed to be a final product; the target is to get 
some optimal results from it, to be used for the final product model. Then discuss about 
the life cycle has no sense in this case, since the model is used as a tool, and will be 
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available for more than one product, this model can be updated depending on each 
project or in case that special conditions are required  
 
The complexity of the structural part of a whole jet-engine is high, but this model will 
not be as detailed as the real one, due to the requirements exposed of this project.   
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2. Background 

2.1. Parts of the turbo-jet engine 

 
Figure 3 The main parts of the turbo-jet engine 

 
Figure 3 shows the main rotating parts of a turbo-jet engine, the devices shown in the 
picture matches with the described below. The piece, object of this report, is the parts 
(i.e. the intermediate case and the turbine rear frame) which fix all these parts to the 
wings. These descriptions will detail the pieces physically. 
 

 Air intakes  Consists essentially of an opening which is designed to minimize 
drag, as with any other aircraft component 

 
 Compressor The compressor is made up of stages. Each stage consists of 

vanes which rotate, and stators which remain stationary. As air is drawn deeper 
through the compressor 

 
 Combustor This is a chamber where fuel is continuously burned in the 

compressed air. 
 

 Turbines The turbine is a series of bladed discs that act like a windmill. 
Some of this energy is used to drive the compressor, and in some turbine engines 
energy is extracted by additional turbine discs and used to drive devices such as 
propellers, bypass fans or helicopter rotors 

 
 Nozzle  A nozzle is often a pipe or tube of varying cross sectional area, 

and it can be used to direct or modify the flow of a fluid (liquid or gas). Nozzles 
are frequently used to control the rate of flow, speed, direction, mass, shape, 
and/or the pressure of the stream that emerges from them.  
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2.2. Knowledge Based Engineering and Knowledge Fusion 

2.2.1. Definition of Knowledge Based Engineering 
 
The definition that Chapman & Pinfold offer of KBE in a general context is the 
following one: 
 
“KBE is an engineering method that represents a merging of object oriented 
programming (OOP), Artificial Intelligence (AI) techniques and computer-aided design 
technologies, giving benefit to customised or variant design automation solutions. The 
KBE systems aim to capture product and process information in such a way as to allow 
businesses to model engineering design processes, and then use the model to automate 
all or part of the process”[5]. 
 
The aim of KBE is to attach the information related with the model to itself, and thus 
allow to detail the values of the parameters relating them to expressions or input 
variables, allowing the option to update the whole model, without needing to check it 
manually, and increasing the speed of modeling. It could be said that the model explains 
not only how is it, but also why it is as it is. 
 
The product model is an internal computer representation of the product design process 
and can contain information on both the product and processes that go to create the part. 
The information related to the model is not only dimensions, angles, and physic 
properties; the wide range of CAD tools have let to define, in the same model entities 
such as functional constraints, material type and processes such as methods required to 
analyze, manufacture, and cost a part. 
 
But this is not the whole capacity of KBE systems; it can also use information from 
some database, but also export it to another programs, the “Whole Engine Model” 
project, for instance, is planning to export the results of the analysis to get some extra 
data. This feature multiplies the possibilities of the data managing.    
 
For a company like Volvo Aero Corporation, who develops increasingly advanced 
derivatives of its products, lots of knowledge and engineering know-how is gathered by 
the employees. Isaksson states that information about forthcoming products exists from 
earlier states of design: 
 
“Rather than inventing new products every time, new products rely on knowledge 
gained from previous products, strategic technology development and market”[3]. 
 
All this gained knowledge, can shorten large lead-time reductions. If representing and 
managing this knowledge in digital form, the quality during all the stages can be 
increased.  
 
An important issue related with these systems is the maintenance, and it is said that the 
maintenance is as much important as the building of it. It involves questions such as 
how 2D and 3D CAD data can be shared more easily by the staff, thus leading to fewer 
misunderstandings. 
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During a products design cycle stages, it is important to generate and investigate as 
many ideas and configurations as possible (as it is seen in figure 4). Very often the time 
spent here falls short compared to subsequent stages like definition, production, and 
aftermarket – the reason often being lack of time. To maximize the efficiency, 
Knowledge Based Engineering can shorten time consuming and repeatable tasks 
 

 
Figure 4 Reduction of investment of routine time [6]. 

 
The main function and advantage of Knowledge Based Engineering is to automate 
repetitive processes, and to hold routine patterns. The contents of the tasks can normally 
be a set of rules depicting the scope of the task. As it is said, the inputs won’t be only 
dimensional data; KBE can hold external forces, constraints, and dynamic data as well, 
all in order to refer the simulation. 
 
Other types of rules can be conditional elements; the “what-if” scenario is available for 
the end-user. Whole set of equations can be implemented and drive the application.  
The CAST (Computer Assisted Self Tech), explains the following example:  
 
“Imagine a fluid flowing inside a pipe of some shape. By embedding rules about the 
flow (density/velocity/temperature and so on), data for the pipe (inlet area/surface 
finish and more) equations related to if the flow is – or becomes – laminar or turbulent 
can be embedded in the system. If the goal is to avoid turbulent flow, the transition 
point when going from laminar to turbulent flow can be monitored. Not only can 
geometrical changes to the pipe solve the problem but it’s possible that a change of the 
pipe’s surface finish can do the job. This combines engineering rules with output that 
drives the Design for manufacturing (DFM) process.”[4]. 
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Figure 5 KF interface in NX  

Each company has freedom to implement their respective KBE applications. In this 
case, NX has named its software Knowledge Fusion. The definition of CAST of its own 
software: 

“Knowledge Fusion is a fully integrated knowledge-based engineering (KBE) tool that 
permits knowledge-based extension of NX by the end user. Compared to traditional 
KBE technologies, the tight integration of Knowledge Fusion into the NX digital 
product development system provides a significant advantage in the industry. 
Knowledge Fusion permits the creation of powerful applications that take advantage of 
engineering knowledge. It supports the capture and re-use of design intent and user 
intelligence to increase design speed and productivity while intelligently controlling 
change propagation.”[4]. 

Knowledge Fusion can be executed inside the same NX application environment to 
create rules that capture design intent. These rules can be used to drive product design, 
ensuring that engineering and design requirements are fully understood and fully met. 
Knowledge Fusion is designed in order to save time, and to standardize design 
processes, allowing defining a strict way to analyze or to build, and leaving a chance to 
improve its works constantly. 

2.2.2. Advantages of KBE  
 
The main advantage and the reason of the existence of KBE is that systematic and 
repetitive tasks can be automated, iterations are possible and errors can be minimized, 
thus speeding up the design cycle (see figure 5). 
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Figure 6 Graphic that shows the reduction of time on each phase of the process [7]. 

 
 
According to Andersson, the appropriate products that will benefit with a KBE system 
are the ones that satisfy the following conditions: 

 
 Products with a high degree of similarity in-between versions. 
 
 Products requiring a large number of design configurations (e.g. Geometry 

alternatives, material alternatives or color alternatives.) 
 
 Products with a large number of design processes. (e.g. FEA optimizations)[6]. 

 
There are some others general reasons that Chapman and Pinfold (1999) resumes these 
general advantages of KBE: 
 
Nowadays, the integration of the data in the model in a KBE model is complete; 
generative modeling is an essential part of KBE. In a generative model, data and 
parametric functions are integrated in an object-oriented environment and the designer 
uses data as input to generate the desired result.[5]. 
 
Then, as the companies are constantly forced to reduce lead times while at the same 
time not only maintaining product quality, but very often even increasing it, this affects 
all stages of the product development ladder, starting at the conceptual stage and leading 
on to delivery of the finished product  
 
The prime source for knowledge within a company is the employed staff. Being too 
dependent on single individuals can be hazardous in the case of staff turnover and 
further strengthens the ideas of capturing knowledge in digital form 
 
Thus, particular strengths for a successfully implemented Knowledge Based 
Engineering strategy can lie in several fields, all with a common factor of increasing the 
quality of the required task. The design process itself becomes more robust due to the 
embedded knowledge. Additionally, support for faster design cycles and the possibility 
of optimizing a design for a specific purpose is in the hands of the design team. 
 
A large amount of time when creating a simulation model is spent prior to solving it. By 
implementing systems that can shorten the time it takes to execute a given task, lots of 
resources can be released and used more effectively. An illustration of this can be seen 
in figure 4, where the time it takes to solve and analyze the model stays the same, while 
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the geometrical idealization and pre-processing stages are shortened. The benefit is that 
more knowledge can be found much faster. 

2.3. Graphic User Interface 

Knowledge Fusion rules can be implemented with User Interface styler Dialog boxes to 
make it easier to configure the product . The User Interface Styler offers a graphical 
way to understand the meaning of the parameters and some variables, avoid 
misunderstandings during the analysis, and speed up the configuration of the model. 
The building of the Graphic user Interface (GUI) need some preplanning in order to 
improve its usability. The GUI offers many options; one of them is the callbacks. This 
option interconnect through widgets different window dialogs (Figure 7) 

The general approach used to connect the User Interface Styler to Knowledge Fusion is 
through naming conventions. We describe Knowledge Fusion User Interface Styler 
interaction details in the User Interface Styler Custom Dialogs Overview.  

 

Figure 7 Example of a Knowledge Fusion GUI schema. 

The illustration above shows an example of a Knowledge Fusion application in which 
rules are integrated with User Interface Styler dialog boxes in order to capture and 
present user parameters. In this illustration User Interface Styler dialog boxes are 
launched in order to capture design parameters for various airplane components. These 
parameters are then input into Knowledge Fusion rules to create geometry in NX It is 
possible to create custom dialogs associated to the Knowledge Fusion Application with 
User Interface Styler. 

In order to connect the class and the GUI the name of the .dlg and .vb files has to be the 
same as the class name: a graphic user interface is associated via matching the name. If 
the Knowledge Fusion class-file is called "piston.dfa", then the associated Styler dialog-
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file would be called "piston.dlg". In the same manner, a parameter or rule inside a class 
is associated to a Graphic user interface object by name matching. 
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3. Working procedure  
 
The working method has been autonomously, with no need of a concrete physic place. 
The direction, supervision, and correction of the project during this term have been done 
by weekly meetings, but also by email contact. 
 
The thesis work started with an introductory lecture introducing the project and 
concreting terms and doing an interview to check if there were enough CAD skills, 
asking for experience, and feelings about it, but also installing programs. Then, the 
concepts of Knowledge Based Engineering and the software Knowledge Fusion were 
introduced in order to deepen inside them. Afterwards, there was some training 
required. The way to check this knowledge was done by giving some different pieces 
made by KF. 
 
The ICE (Interactive Class Editor) was a useful tool to understand this language, but 
also the Knowledge Fusion NX CAST (Computer Assisted Self Tech), which has 
allowed receiving ideas about how to build some parts. Another source of help has been 
the example .dfa-files, available in “…\Program files\UGS\NX 5.0\UGII\dfa\examples”. 
Then, the investment of time was dedicated to edit and learn about how to work with the 
Graphic User Interface editor, and, after deciding how to organize the interface, that was 
done. 
 
After finishing modeling the piece, then it was supposed to do the FEA analysis, and the 
project got stuck some days. Though that, the example .dfa files where a still a great 
source of help. 
 
After it, the decision to improve and enhance the properties of the model was taken. The 
main invest of the time was dedicated to the rear blades. 
 
During the learning of the different concepts required for this project, such as 
Knowledge Fusion and Knowledge Based Engineering, or the .dfa language, this report 
was being written in parallel. The rest of the report has been written as the last part of 
the project, explaining how the whole work was done. 
 

3.1. Attempt to analyze the model by using Knowledge Fusion. 
 
Once the model is done, the next and logical step in this project is to develop the way to 
submit the procedure of the FEA analysis with KF.  
 
The first step in this direction then, was to take the four example .dfa file examples; 
“ug_cae_example_master_step1.dfa”, “ug_cae_example_master_step2.dfa”, 
“ug_cae_example_fem_original.dfa”, and “ug_cae_example_sim.dfa”, available in the 
folder “…\Program files\UGS\NX 5.0\UGII\dfa\examples\cae”.  
 
After implementation, it was run. NX was not able to run NX Nastran due to a problem: 
the material was not assigned automatically. After checking the files were right, it was 
run again, but it failed again. The decision to assign the material “manually” and insert 
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it to the original files was taken, in order to check the ability to do it automatically. 
After looking up some classes and functions, all the attempts failed. 
 
The result of the user-level *classes search, related with the material, was the following: 
ug_material, ug_mass_props.dfa, ug_mass_properties.dfa, and ug_material_spec.dfa. 
But it was impossible to make them work, after having some problems with the NX 
Nastran license and after try that several times, considering the spent time trying to 
understand the environment variables and the utility of them. These classes are shown 
in the appendix. As it did not work, no results of it are available. It was possible to 
define some mass properties, but not in a user-level class and that made very hard the 
way to implement any class. 
 

                                                
* The user-level classes are these classes available to be used directly in a DefClass File ASCII, that 
means that these classes are not belonging to internal classes or system classes. The only recommended 
classes to be used are the user-level ones, the only ones that have specifications detailed.  



Structural Model for Jet Engine Configuration Using Knowledge-Based Engineering 
Albert Tenllado Cunillera                2009  

 20 

4. Description of the model 
 
4.1. The whole case model 
 
The picture below show a configuration of the case, which is made by Knowledge 
Fusion (also called KF-model). As it can be seen, it is a simplified model, parameterized 
by Knowledge Based Engineering, and built by the .dfa language, just to be able to 
change some defined parameters, in order to adapt the geometry of the case for a new 
bearing position, but also thinking of the flexibility that Knowledge Fusion offers. 
Figure 8 shows the grade of detail that it has finally taken. 
 
 
 

 
Figure 8 The Whole Engine Model, WEM 

 
 

4.2. External case 
The assumptions of this part are very simply, referring to some logical rules: 

 It has to have two holes, the intake of air and also the hole of the exhaust gas. 
And no one else.  
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4.3. Guide vanes 
The function of these vanes is to hold the front bearing and unite it to the case. 
These requirements are not very strict, because it is easy to copy the class of the rear 
blades (and adapt it to the front part). The main assumptions are: 

 The inlet and outlet angle of the velocity is perpendicular to the section of the 
intake section (x axis) 

 The construction has to have a radial geometry 

4.4. Front frame  
The main function of that part is to seat the bearing and unite it to the blades, which will 
allow fixing it to the case. The requirements are:  

 It has to allow the shaft passing through 
 It has to unite the bearing and the front blades. 

4.5. Rear frame 
As the front blades, the function of the rear blades is the same; to seat the bearing and 
unite it to the blades, which will allow fixing it to the case. The requirements are the 
same:  

 It has to allow the shaft passing through it  
 It has to unite the bearing and the front blades. 

4.6. Rear guide vanes 
The rear guide vanes has, at least, two functions: the first one is to redirect the exhaust 
air flux, and eliminate the rotational component, and improve its performance, but then, 
the other function is to unite the rear frame, same as the front blade. 
 
The blades should let to take the flux at the same inclination and leave it perpendicular 
to the section, in order to use all the energy that the flux contains (see figure 9). 
 
Note that the blades cannot be straight lines, since the feature is an arc. In this case, it is 
recommended to use a value close to zero for the inlet angle value (i.e. 0.00001). 

 
Figure 9 Function of the blades: the redirection of the air, in order to suppress the rotational 

component of the flux. 
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4.7. Mount Lugs 
The mount lugs are some devices attached to the external case. The function that these 
lugs have is, without doubt, one of the most important of the whole piece. This is the 
part that receives the constraints, and the zone where it is possible to predict that it will 
be one with the higher stresses. 
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5. Description of the classes and functions used 
during the building of the model. 

5.1. The .dfa files 

The definition of the .dfa files are explained by the Computer Assisted Self Tech: 

“The DFA file is an ASCII source code. The letters DFA mean DefClass File ASCII. 
DefClass is a reserved word that indicates the beginning of a class definition. All rules 
following a DefClass statement are considered instances of the same class, until either 
another DefClass statement is reached, or the end of the file is reached. The colon after 
DefClass is required syntax.” 

Classes are defined by attributes, and this attributes can be numbers, integers, vectors, 
etc. The attributes are the objects which function is to describe each class. The data type 
depends on each attribute and its own meaning. In general, the Knowledge Fusion 
attribute gets a value from a rule where as an NX attribute does not. 

At a minimum, you can define an attribute using its name, data type, and value as 
follows: 

(Boolean) thru_hole?: True; 
(Integer) diameter: 10; 

In this example we have two attributes, the thru_hole? is a Boolean data type (as it is 
described in brackets), and the second one, called diameter, is a number attribute (also 
remarked between brackets). The colon (:) is the Knowledge Fusion syntax to end the 
attribute name while semi colon (;) specifies the end of the statement. 

Some of the major uses of Knowledge Fusion attributes are to: 

 Hold and pass values of parameters used in child rules (building blocks of 
Knowledge Fusion programs) 

 Hold and pass values of parameters used in Knowledge Fusion classes (group of 
child rules) 

 Control the flow and working of Knowledge Fusion programs and applications 
 Store end-user ready output values from Knowledge Fusion programs and 

applications 

5.2. Description of classes and list of classes 
As the geometry is not so complicated, few operations are required, mainly; the 
operations will be extrusions, revolutions, and circular arrays. 
 
Then, in a lower layout, we find sketches; these will be drawn by using lines or arcs 
entities and the implementation code will be set by using XEmacs.  
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5.2.1. ug_line 
For the lines, there are only two input data required: the start point and the end point: 
 
(child) Line: { 
   class; ug_line; 
   Start_Point; Point(0,0,0); 
   End_Point;   Point(1,1,1); 
}; 
 
Note that there are three stacks: the first one define the child class, but the second one 
and the third one define the building parameters; in this case we actually would obtain a 
segment, which edges would be points (0, 0, 0) and (1, 1, 1), but it is important to 
identify the name assigned to each one, in order to use this data for further operations 
(for instance, reference another entity point to this one).  
 
This class is used in all the sketches of the parts except the external case and the front 
vanes. It is very common, as it is one of the most basic classes 

5.2.2. ug_arcs 
 
For the arcs class, there are more input data required; the idea is that first, it is necessary 
to define a “datum plane”, in which the arc will be defined. The reason of asking an X-
axis and Y-axis instead for a perpendicular, Z-axis, is to help the Start_Angle and the 
End_Angle parameters, to set a reference to define these angles. The picture shown 
below represents that idea: 
 

 
Figure 90 ug_arc 

 
The centre of the arc (in American English called “Center”) and the radius data are the 
rest of the building parameters.  
 
(child) Arc: { 
   class; ug_arc; 
   Radius;        1; 
   Start_Angle;   0; 
   End_Angle;   360; 



Structural Model for Jet Engine Configuration Using Knowledge-Based Engineering 
Albert Tenllado Cunillera                2009  

 25 

   Center;      Point(0,0,0); 
   X_Axis;      Vector(1,0,0); 
   Y_Axis;      Vector(0,1,0); 
 
}; 
 
This class is used in all the sketches for the parts except for the frames, and the front 
vanes. This is one of the most basic sketch entity as well, same as ug_line. 

5.2.3. ug_extruded 
 
Then, the extrusion is the first solid operation which has been taken in this model. As 
building parameters, it requires up to nine values, but many of them can be set as 
default. 
 
The “Taper angle” is, by definition, the parameter that in the picture is being defined. Its 
default value is 0º  
 
End and Start limits refers about where the extrusion should start and finish.  
The “Start_Limit”’s default value is 0. 
 
The alternative is to order to extrude the body until some surface, in this case 
“Start_Trim” and “End_Trim” parameters must be used. The default values are void 
lists. 

 
Figure 11 ug_extrude 

 
The “Direction” of the extrusion should usually be set up perpendicular to the sketch. Its 
default value is (0, 0, 1), but frequently has to be changed. 
 
“Profile” is a list parameter, in which the user should enter the classes which are 
expected to be extruded. The default value is void. 
 
“Operation” is a string parameter, and its function is to identify the role of the extrusion 
into the whole part. “Operation_init” shows the available string values for “Operation” 
parameter. “Target” value is a list, used in case “Operation_init” is not a void value. It 
may contain referenced body classes on which the operation will be done. 
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(child) Extruded: { 
   class; ug_extruded; 
   Taper_Angle; 0; 
   Start_Limit; 0; 
   End_Limit;   1; 
   Direction;   Vector (0,0,1); 
   Profile;     {}; 
   Start_Trim;  {}; 
   End_Trim;    {}; 
   Operation_init; 
    {  
        Unite,  
        Subtract, 
        Intersect  
    }; 
   Operation;  Unite;  
   Target;     {}; 
}; 
 
Ug_extruded is used for the external case. And the mount lugs. 

5.2.4. ug_revolved 
 
The revolve feature is the procedure which has allowed the construction of the frames. 
These objects need to be continuously re-designed along the study; depending on the 
value of the angle shown in the picture below, will define the position of the bearing. 
In this case, the axis of the revolution will be the X-axis.  
 

 
Figure 12 Section of the rear frame, just before being revolved, showing up the bearing position, 

which depends on the theta angle 
 
The parameters are detailed in the code as follows:  
 
 
(Child) revol_cone: { 
  Class, ug_revolved, 
  Direction, Vector(1,0,0), 
  profile, {} 
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  Operation_init; 
    {  
        Unite,  
        Subtract, 
        Intersect  
    }; 
   Operation;  Unite;  
   Target;     {}; 
 
}; 
 
Ug_revolved is used for the frames: both of them.  

5.2.5. ug_block 
 
The front blades features are built by child list features, but the child class which will be 
used will be the block. 
  

 
Figure 13 ug_block 

 
 
The main parameters of the block are listed below, shown with the code as follows: 
 
 
(child) Block: { 
   class; ug_block; 
   Length;    10; 
   Width;     2; 
   Height;    1; 
   Origin;    Point(0,0,0); 
   X_Axis;    Vector(1,0,0); 
   Y_Axis;    Vector(0,1,0); 
   Operation_init; 
    {  
        Unite,  
        Subtract, 
        Intersect  
    }; 
   Operation; Unite; 
   Target;    {}; 
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}; 
 
Where “Length”, “Width”, and “Height” are the three dimensions referred to a block. 
The origin refers to a vertex of the block. 
 
From this point, which is defined, then it’s necessary to define the orientation.  
 
The “X-axis” defines the direction of the value “Length” 
 
The “Y-axis” defines the direction of the value “Width” 
 
The “Z-axis” is taken as the vector which is normal to the X and Y axis by default, the 
sense is taken in order to leave the base of the block as a positively oriented base.  
 
So in this way, there are no misunderstandings.  
 
The “operation” parameter is the same than the described parameter in the ug_extruded 
class 
 
In this case, this class will be used in the front vanes. 

5.2.6. ug_mwspextrude 
 
This class is relatively similar to the ug_extruded, detailed before, but this class has 
enhanced properties; the reason to use this class instead of a “normal” ug_extruded is 
that this class let extrude the section until a surface, and adapt the feature to it. That is 
useful in the rear blades, since the result using blocks (as it was the first option) did not 
offer enough quality of the model. Though these advantages, this requires the adding of 
a new class; the ug_section; a class that will be explained afterwards. 
 
DefClass: ug_mswp_extrude (ug_feature); 
(Canonical Any   Parameter Modifiable)  Section:; 
(Canonical Vector Parameter Modifiable)     
Direction:       Vector(0,0,1); 
    }; 
(Canonical List   Parameter Modifiable)  Start_Limit: 
{Limit_Until_Next}; 
(Canonical List   Parameter Modifiable)  End_Limit:  
{Limit_Distance,1.0};  
 (Canonical Name   Parameter)   Operation: Unite; 
(Canonical List   Parameter uncached)  Target:    {}; 
 
The shown variables are almost the same than the ones explained in ug_extruded. 
 
The main differences come up while trying to define the “Section” value, which is an 
ug_section value, and will be detailed afterwards, but also to define the end of the 
extrusion, the options are listed below: the options are also the same for the End_Limit: 
value 
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(List)                                     
Start_Limit_init: 
    { 
        Limit_Distance, 
        Limit_Symmetric, 
        Limit_Selected,  
        Limit_Until_Next, 
        Limit_Through_All  
    }; 
 
The “Limit Distance” needs an integer as a second input parameter. This is the default 
option to define an extrusion.  
 
The “Limit Symmetric” needs also an integer. That option sets the same distance to the 
End_Limit: and the Start_Limit: but with a different sign.  
 
The “Limit Selected” options should have as an additional parameter, a face entity. The 
requirement of this face is that has to cross the whole projection of the ug_section 
entity. 
 
The “Limit Until Next” extrudes up to the section to the closest surface of the section, 
by following the “Direction” vector value. 
 
The “Limit through all” does not have a defined end value. Though the computer does 
not accept the infinite, the value of the extrusion is the maximum allowed; the number 
just before the overflow. 
 
The decision to take the option “Limit_Until_Next” is the easiest one, as it does not 
require defining another input parameter. The ug_section entity will be placed between 
the external case and the rear blade (in this case). 
 
This class is used in the rear blades 

5.2.7. ug_section 
 
This is the necessary class to define the ug_mwspextrude class. The ug_section would 
be described as a list of entities (lines, arcs, splines, and so on) and a necessary 
condition is that these classes have to belong to the same datum plane. That makes the 
definition of the parameters harder to describe. 
 
This is part of the selection intent that used by features. The class will provide features 
with different input based on the rules that are specified in this class. It can only be 
referenced by a single feature right now. If it is used by multiple features, a checking 
error would occur. It is good to avoid creating a section in KF without a feature using it 
immediately because it can be in a wrong state for features. 
 
The ug_section has, as a main input value, the “chain_rules” variable.  
This list defines the start point and direction of a section which has a single loop (a loop 
is a track made by lines, arcs, splines...).  
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If there are multiple loops, it will be ignored.  
 
It can have a start point and a start vector. The vector is optional.  
 
If a section only has one curve, it will start from the end point where the start point is 
close to. 
 
If the section is open, it will start from the end curve that is closer to the start point.  
 
If the section is closed, we will choose the curve that is closest to the start point to be 
the start curve.  
 
If you do not provide the start vector, the application will choose the end point of the 
start curve that is closer to the start point to be the start point of the section.  
 
Otherwise, the application will use the start vector provided. If the list is empty, it 
means there is not care about the direction. 
 
Ug_section will only be used for the rear vanes.  

5.3. Functions and variables 

 
Figure 14 Mechanic model of the jet engine [2]. 

 
 

5.3.1. Specific functions and iterating features 
 
The usual mathematical functions are available in the .dfa language, but there are some 
specific functions, useful in this project, that allows to manage variables and to run 
loops.  
 

 Nth (number, list): returns a given numbered item in a given list. The first item 
is index number 1. If this number is 0 or negative, then the first item in the list 
will be returned. If the number is larger than the length of the list the last item on 
the list is returned  
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 A loop is an expression that performs iteration and returns a single value. The 
loop syntax follows. 
 
(data type) attribute_name: Loop 
{ 
  iterator clause(s); 
  assignment clause(s); 
  accumulator clause(s); 
  terminator clause; 
  special clause; 
 }; 
 

 Iterator clause - generates a series of data items, to be operated on and 
used to accumulate the result. Iterators may or may not terminate the 
loop.  

 Assignment clause - assigns the resultant value to a loop variable. 
 Accumulator clause - performs a running calculation on an expression 

and defines the return value for the entire loop. Generally, there is only 
one accumulator clause per loop.  

 Terminator clause - terminates the loop.  
 Special clause - does not iterate, accumulate, or terminate the loop. This 

clause produces a side effect such as executing a command (for example, 
ug_printValue, read, etc.). 

5.3.2. List options 
 
While developing Knowledge Fusion programs, often it is necessary to face situations 
where one child list rule is repeated several times, maintaining some geometrical 
relation among all of them, this is the case of the front and the rear blades and the mount 
lugs. There are two options to build them. 
   
In this approach, the inter-dependent rules can be instantiated separately as child lists. 
The KF engine may try to evaluate the value of the list index which has not been 
evaluated yet. Therefore, this approach is error-prone. Thus, it is not recommended. 
 
Origin,  
Point(depth:, (rad_out_fw:-2) 
*cos(360*child:index:/num_fw:)+(t_f_fw:/2)* 
sin(360*child:index:/num_fw:),(rad_out_fw:-2) 
*sin(360*child:index:/num_fw:)-
(t_f_fw:/2)*cos(360*child:index:/num_fw:)); 
 
But there is another option available: that consists of doing a loop of calculating values, 
and then collecting them in a list: afterwards, they will be taken by doing the calling 
function nth, and insert it to the whole function. 
 

 
(parameter any list) point_2y_sketch_blade: 
@{ 
 $ret<<loop{ 
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  for $i from 1 to num_rr:; 
  collect (rad_out_rr:+10)*sin(360*$i/num_rr:)-

(t_f_rr:/2)*cos(360*$i/num_rr:); 
   }; 
}; 
 

Then, the core features are done  
 

 
Figure 15 The distribution of the center points, used in the block list class, by using the child:index: 

parameter 
In each way there is need to define all the properties of each feature. For instance, the 
initial point of the block for the front blade: 
 
Origin,  
Point(depth:, (rad_out_fw:-2) 
*cos(360*child:index:/num_fw:)+(t_f_fw:/2)* 
sin(360*child:index:/num_fw:),(rad_out_fw:-2) 
*sin(360*child:index:/num_fw:)-
(t_f_fw:/2)*cos(360*child:index:/num_fw:)); 
 
And the direction should be some function able to leave a radial direction, and another 
perpendicular to this, as it can be seen on the picture below. 
 
x_axis,     

Vector(0,cos(360*child:index:/num_rr:),sin(360*ch
ild:index:/num_rr:));  

y_axis, 
Vector(0,sin(360*child:index:/num_rr:),cos(360*ch
ild:index:/num_rr:)); 
 

Where the meaning of the variables is the same than the description given in the origin 
function 
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Figure 16 the vectors which represent the X_axis values, and the Y_axis values respectively, for the 
list of blocks in the front blades 
 
     
 
 
Once these features are done, it is the moment to create an upper level class: the result 
of the array of blocks is shown above: 
 

 
Figure 17 the class list of blocks 

 

5.3.3. The definition of the variables 
 
The definition of the variables is useful when, in the same class, there is the need to 
insert some long parts which need to be repetitive. In this case, it is useful to define 
them.  
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This specially happens during the sketch of the rear blades; as they are built by using 
ug_section entity, there is need to define the sketch in a plane, and this means to use 
long formulation in order to guarantee that the whole sketch will belong to a plane. 
 
There will be some expressions which will be stored, such as the three components of a 
vector, for instance. 

 
Figure 18 The needing of define a section in a 2D space forces to define a parametric line, showed in 

this case in red, to ensure the right construction of the class. The use of internal variables has 
helped a lot in order to clarify the .dfa file 

 

 

5.4. Building up the Graphic User Interface (GUI) for 
the case construction 

 
One of the advantages of building the model using Knowledge Based Engineering tools, 
as it can be in this case the Knowledge Fusion tool, is the facility that the user has while 
editing the model by changing the values of the parameters. There are more powerful 
tools related with KBE as well (for instance, choose different shapes depending on 
some values of parameters; the “what-if”), but since the shapes and the features are 
always the same, and the only needing is the modification of the values, that makes the 
design of GUI simpler. 
 
Before building the GUI, it is good to agree on some requirements, targets which should 
improve the interface. Here are the main targets:  
 
 The Graphic User interface should be… 

 …able to set the parameters easily. 
 …easy to comprehend the meaning of the variables. 
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 …easy to find the desired parameters which are supposed to be modified. 
 
These requirements have made easier to choose the many different ways that the tool of 
NX (User Interface Styler) has.  
 
First of all, the decision to describe each parameter by a graphical way was taken. It has 
been done enclosing different pictures of the model, with different values, so it makes 
easier to understand the meaning of each parameter. Then, the modified feature has 
been highlighted in orange. The picture has, as aid, the name of the parameter, which is 
a brief description of a meaning. 
 
The settings of parameters will be by using a bar, which has extreme limits. The main 
drawback of this bar is the precision that it has. It is possible to insert the increasing 
value of the bar in User Interface Styler, but that requires using the mouse button MB3 
to have a finer control of it. 
 
Finally, and in order to decrease time while searching a parameter, the classification of 
the parameters depending on the zone of the part (font blade, case, or rear blade ) and by 
using tabs allow earn some searching time.  

 
Figure 10 Example of setting a parameter by using the GUI 

 

 
Figure 20 instructions in order to do as precise as possible the definition of the value: the value 
jumps a gup when the MB3 button is pressed. 
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5.4.1. The GUI structure 
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6. Discussion 
Knowledge Based Engineering is a good way to apply rules to a solid body, as it could 
be the WEM, but this is not the only one; it’s also possible to apply rules without using 
the .dfa files. The definition of variables and the option to link rules to some dimensions 
is also available in NX with no need to use KF. Maybe it’s the same option, but at least 
NX has a different interface to use it. It seems possible to build the model setting 
expressions, (pressing Ctrl+E or in tools>expression…). 
 

 
Figure 21 the "Expressions" interface 

 
This command lets the user to define variables, name them, and put them in 
expressions, which then can be assigned to another dimension, or maybe another 
variable. The option of edit the values and variables though a spreadsheet seems to be 
also powerful. Although, during the realization of this project, and during the learning 
of the limits of the Knowledge Based Engineering, the idea to use KBE instead of the 
expression command becomes a good idea, since KBE is able to modify in a deeper 
way the model, and their options are further than the modeling ones, and allow to define 
dynamic features, and also mechanics. 
 
The main drawback of KBE is the initial investment of time that requires the 
acquirement of the skills to control the KBE tools, in this case, KF. But it is known that 
this is a deserving investment in a long term, as finally the user earns time on each test. 
The picture below shows this idea of investment of time per 
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project.

 
Figure 22 time investment graphic 

 
Figure 22 shows that is possible to see that KBE seems efficient, in that case, if the 
number of tests of the model is higher than 3. Of course this is an example, but makes a 
qualitative idea of the investment of time. In this project’s case, the product has many 
similarities in-between versions, and many different design processes, though it does 
not have different geometry, material or color alternatives, the decision of applying 
KBE seems good to reduce some designing periods. On the other hand, there is a need 
of design flexibility, not only in parametric dimensions, but also in varying 
configuration, which is one area where KBE potentially has an advantage. 
 
Normally, it is supposed that the building of a model using rules can take a little bit 
longer than a “normal” one, but afterwards, the advantages of these rules come up, and 
the reduction of time per test is visible, and this effect is repeated each test, finally, there 
will be a point where KBE is a better option (represented in the figure with a red 
boundary line). In this picture the investment of time that the user has done in order to 
learn these tools does not appear. Actually, this time could be represented by dividing 
the whole learning time spent with the total amount of projects. The KBE model is more 
useful if, instead of using it for one project, there is also the option to use it for more 
than one.  
 
The use of the variables and the level of detail have been an internal discussion; as it is 
said before is a compromise between the quality of the results, and the invested time. 
One of these decisions was to change all the way to build the blades: in the firsts 
versions, the rear blades were made by blocks; probably the easiest way. The center 
point, the x axis and the y axis were required. Though, it seemed that the level of detail 
was not satisfactory, and the decision to change into more complicated ways, consisting 
of 2 curves, 2 lines, the list of ug_section list of rules, and the list of the 
ug_mswpextruded deserved all the spent effort. 

6.1. Justification of the design 

6.1.1. For the external case 
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As many engines, the external case will be idealized as a tube. The modifiable 
parameters are all the possible ones. (External and internal diameter, and longitude). 

6.1.2. For the guide vanes 
 
The design is the simplest one that accomplishes all the required points. 
 

6.1.3. For the front frames 
 
The answer of these requirements is only a simple tube, concentric to the suit case. All 
the three DOF of a tube are modifiable, but also an offset of the inner face is available, 
and the reason of it is just to make easier the modification of the front bearing. So, as a 
result it could become to a “coned tube”. 
 

6.1.4. For the rear frame 
 
The result of these requirements is only a revolved rhomboid, concentric to the suit 
case. As before, the three DOF of a tube are modifiable, and also offer the possibility to 
insert an offset of the inner face, to make easier the modification of the front bearing; 
the called “conned tube” as shown in Figure 23. 
 

 
Figure 23 detail of the rear frame 

6.1.5. For the rear guide vanes. 
 
The design which finally is taken is the shown below (Figure 25). It is made by a 
section, which consists of two arcs and two lines to unite them. The requirements are 
specified by these arcs, which center is defined in order to finish the end line 
perpendicular to the section, as it’s asked. The main drawback by using these classes, 
was the complexity to define the parameters (such as the center point, or the angles, or 
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the plane of the arc, on which two vectors define it and which changes on each child list 
rule).  
 
The alternative was to define splines instead of arcs, but the definition of them which 
were two but both of them more complicated: 

 Through poles: they are made by using Bezier’s parametric curves 
 Through points: they are made making the curve pass it through the defined 

points. 
 

 
Figure 11 Different options to build the curve of the blade 

 
The main drawback of them was that, though there was easy to define the start and the 
end point, the most difficult point, (which is the tangent points in the first point in the 
first case, and the middle point in the second one (under the assumption that we are 
talking about the second grade spline; a parabolic curve)) 
 
The advantage of it is that it is not possible to select the inlet angle of the entrance, but 
the model is complex to define by parameters (the DOF of the curves in a 3D space 
shown above are: 8, 9, and 12 respectively) and the easiest input parameters are those 
which belong to the first one.  
 

 
Figure 12 Detail of the rear blades and their respective ug_section class 
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The modeled design consists on three different lugs, faced to the same side, and they 
contain a small hole each one, in order to fix the whole piece to the wing, the shape 
reminds to some ears, glued to the external case. 
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7. Conclusion 
 
After a little introduction to the KBE systems, it is possible to see the power of these 
tools; the control of them requires time, but it is not hard to understand that, once this 
knowledge is learnt, the options in the field of automated CAD are huge.  
 
The goal of the project has not been something static; to program something when the 
difficulty of itself is an uncertainty is not trivial. It could be said that the initial goal has 
been accomplished. Though, the enlargement of the goals, by trying to control the FEA 
process by rules is left for future work. After trying to solve this part, the next decision 
was to enhance the rules of the model, in order to do something more productive than 
just try frustrated attempts to attach a material data to the model. The conclusion was 
that this time spent, in some way, would not be wasted, if there could be something to 
report, and that is what has been done; just to reference the possible ways that exist in 
order to refloat this issue. 
 
The results are a KBE model, prepared to be further enhanced; prepared to apply rules 
on it, and increase the implicit knowledge that it has. The model has been implemented 
in one .dfa file, called wemkf.dfa, which contains all the classes and the commented 
descriptions of each one, with variables named in order not to get confusion among 
them, and to make it clearer.  
 
The model allows many configurations, some of the modifiable parameters will be 
useful, another ones not. The stability of the model has been checked, and all seems is 
working properly, except one parameter: the number of rear vanes seems that does not 
work properly in some occasions. The systems give a message error named 7DB6A680, 
and itself ask to the user to report it. The GUI is stable at the moment, and does not 
present any anomaly. 
 
There are several ways to build the model by using different rules, the way it has been 
done is the one that seemed easier and simpler, and, as a consequence of these, the most 
stable possible. This model does not contain the whole available resources in KBE. One 
property missing, inside the modeling class, is the option to select different features (for 
instance, the shape of a sketch extrusion) depending on the scenario (“what-if”). This 
made easier the building of the model, but also other tasks, such as the deal of how to 
organize the GUI. The really powerful KBE functions will be performed in the 
automated FEA analysis. 
 
Particularly, KF has been easier since the NX was learnt before: that made faster to 
understand the meaning of many input values for many modeling classes and functions, 
and the main efforts have been to understand formalities of the DefClass language, and 
meanings of some strange classes.  
 
The naming task has been as much descriptive as possible, thinking about the possibility 
to be reused in further occasions. 
 
In our case, the product has many similarities in-between versions, and many different 
design processes, though it does not have different geometry, material or color 
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alternatives, the decision of applying KBE seems good to reduce some designing 
periods. 
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Appendix 

8.1. ug_material 
 
DefClass: ug_material (ug_base_part); 
     
    (Child) ex_block: { 
        Class,            ug_block 
    }; 
 
(list) Base_Material_init: { None, 
    Steel,    Silver,    Aluminum,   Gold,            
Chromium, 
    Cobalt,   Copper,    Iron,       Nickel,          Lead, 
    Tin,      Zinc,      Mercury,    Tungsten,        
Graphite, 
    Platinum, Palladium, Titanium,   CommercialBrass, 
RedBrass, 
    CartridgeBrass,      NavalBrass, ABronze,         
CBronze, 
    StainlessSteel,      Solder,     Monel,           
Iconel }; 
 
 
(Canonical Name Parameter Modifiable) Base_Material: steel; 
 
(Canonical List Parameter Modifiable) Target:  {}; 

8.2. ug_mass_props.dfa 
 
(child) mass_props: { 
   class; ug_mass_props; 
   Type; Accuracy; 
   Accuracy; .99; 
   Tolerances; {.01,.01,0,0,0,0,0,0,0,0,0}; 
   Units; ug_askPartUnits(""); 
}; 

8.3. ug_mass_properties.dfa  
 
(child) Mass_properties: { 
   class; ug_mass_properties; 
   Features;      {}; 
   Sheet_Density; {}; 
   %Mass_Properties; 
ug_askMassProperties(Features:,Type:,Accuracy:,Tolerances:,
Units:,Sheet_Density;Sheet_Density:,Frame;referenceFrame:);
}; 
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8.4. ug_material_spec.dfa 
 
(child) Material_specification_attribute: { 
   class; ug_material_specification_attribute 
(%ug_product_attribute); 
   Attribute_Title;       "Material Specification"; 
   Attribute_Group;       "Bill of Material"; 
   Attribute_Type;        "Material Specification"; 
   Allowable_Geometry;    {"Component", "Body", "Face"}; 
   Symbolic_Display;      "smart_model:material_spec"; 
   Material_Identifier;    { %material_identifier_rule: }; 
   Revision;               "-"; 
   Open_Field;             { "" }; 
   Material_Nomenclature;  %Nomenclature_List:; 
   %Nomenclature_Text;     
%material_identifier_rule:Item_List_Value:; 
   %Nomenclature_List; 
     if %Nomenclature_Text: = "Material"  then { "" } 
   else { "" }; 
   %material_identifier_rule; { 
    Design;        %ug_list_product_attribute_value; 
    Value_Title;   "Material Identifier"; 
    Item_List;     { "Material" }; 
   }; 
}; 
 




