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Abstract: 

Knowledge Based Engineering (KBE) is becoming a powerful tool to 
reduce the lead time in design activities of aircraft and automotive 
industries. In this thesis work, an application has been built using this 
recent technology to reduce the lead time in the conceptual design phase of 
an Intermediate Case which is a component in a jet engine. The objective is 
to create various mid-shell design configurations of the component in less 
time using Knowledge Fusion (KF), a KBE based object oriented 
programming language in Unigraphics. Later these design configurations 
can be used to find out the optimum load path for various load cases. 
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1 Abbreviations 
 

KBE              Knowledge Based Engineering 

IMC Intermediate Case 

ICC Intermediate Compressor Case 

KF  Knowledge Fusion 

VAC Volvo Aero Corporation 

UG Unigraphics 

FEA Finite Element Analysis 

KDP Knowledge Driven Pre-processing 

CAD Computer Aided Design 

GA General Arrangement 

CVS Concurrent Versions System 
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2 Introduction 

In any product development process, the period of time between placing an 
order to a supplier and receiving the final goods is termed as lead time. For 
a company to be competitive, it needs to shorten the lead time and 
simultaneously improve the quality of its products. Also the conceptual 
design phase which is considered to be a major factor in determining the 
outcome of the final product, occupies a significant amount of time in the 
overall lead time during the product development process. 
The process of reducing the lead time in design activities is one area where 
Volvo Aero Corporation (VAC) concentrates on. One way to achieve this 
goal is by automating tedious and time-consuming design activities in the 
early conceptual design stage. Knowledge Based Engineering (KBE) is one 
of those recent strategies that the company is trying to implement in its 
design activities in order to reduce the lead time. 

In this thesis work, an Intermediate Case (IMC) component of a Jet Engine 
has been taken into consideration and its conceptual design activities are 
performed using Knowledge Fusion (KF), a KBE module in Unigraphics. 
The output of this thesis work would be an application, which automates 
the creation of various IMC Mid-Shell design configurations. These 
configurational alternatives can be used in order to find the optimum load 
path of an IMC. Also the mid-shell designs created this way is only for a 
conceptual design stage. Detail design requires better geometry than what is 
included here. 

2.1 Background 

Volvo Aero Corporation (VAC) is a company developing and 
manufacturing the components for commercial aircraft and rocket engines. 
It also manufactures military engines. The company provides servicing and 
maintenance of those products as well. Product development is being done 
as multi-company projects where the lead time is a crucial factor.  
This forces Volvo Aero to develop new and improved product design 
strategies and tools. Figure 2.1 shows few of the products that the company 
is involved either in development or production. 
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Figure 2.1   Components at VAC 

2.1.1 Objectives 

The objective of this thesis work is to build an application which creates 
various Idealized (simplified) Mid-Shell design configurations of an IMC 
from the real IMC component’s solid definition. These idealized designs 
created by this application can be meshed and the Finite Element (FE) input 
deck with all required loads and boundary conditions can be created. Later, 
by doing appropriate FE Analysis (FEA) on each configuration created by 
this application, it will be possible to find out the optimum load path of an 
IMC component.  
All these activities such as the creation of the idealized design 
configurations, meshing and the creation of the FE input deck are 
collectively given the name “Pre-Processing”.  
This can be described as the preparation of the geometry for FE analysis.  
In parallel with this work, two more thesis works were active, one deals 
with the meshing part and another with the creation of the FE input-deck 
for analysis. Since KBE is the medium used in all these three works, the 
pre-processing stage can be called as “Knowledge Driven Pre-Processing 
(KDP)”. 

Usually, KDP takes more time since it involves lot of time-consuming and 
repetitive tasks that has to be done until an optimum result is obtained from 
the analysis. By automating this time-consuming task of preparing the 
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geometry for FE Analysis (FEA), the optimum load-path of an IMC 
component can be determined in less time. So, it should be stated that the 
objective of this thesis work is the Idealization of the Geometry, which is a 
part of the KDP. So, by combining all these three thesis works, VAC could 
be able to find-out the optimum load path in less time. 

2.2 Requirements 

All these objectives described in the previous section should meet the 
following requirements, 

• Lead time reduction while ensuring quality 
• Enable design iterations and optimization 
• Capture and re-use of the engineering knowledge 
• Automate the time-consuming and tedious repetitive tasks 

Geometry Idealization Meshing &
Input Deck Creation Analysis Post-Processing

Analysis Post-Processing

Lead Time

Before KBE Automation

After KBE Automation

Pre-Processing

Geometry Idealization Meshing &
Input Deck Creation Analysis Post-Processing

Analysis Post-Processing

Lead Time

Before KBE Automation

After KBE Automation

Pre-Processing

 

Figure 2.2    Lead time reduction by KBE 

As shown in Figure 2.2, the Idealization of the Geometry (Creating mid-
shell representation in this thesis work), meshing of the geometry, 
application of boundary conditions and creating of the input deck (or 
collectively called as KDP) occupies most of the lead time. It is because 
they involve lot of repetitive and time-consuming tasks. 
Once the first conceptual design configuration has been created, it is 
meshed, boundary conditions applied, input deck has been created and 
finally the analysis has been carried out. Then the results are read and 
interpreted in the post-processing stage. Then, another new design 
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configuration has been created with little modifications from the initial one, 
and the same procedures like meshing, application of the boundary 
conditions and the analysis have been repeated. Now, the results from this 
new concept have been compared with the previous results. 

This process of creating new concepts and comparing the results with 
previous concepts continue until the user obtains an optimum design 
concept. Thus the process of finding the optimum design concept occupies 
most of the time in the total lead-time. 

But after the implementation of the KBE based system into this application, 
the lead time has been reduced to a large extent. This is due to the reason 
that most of the repetitive activities involved in the process are automated. 
The new design configurations are easily generated just by changing their 
parameters in the KBE user-interface (which in turn triggers the parameters 
in the code to get the new value). The meshing and the input deck creation 
can be done in the similar way using codes which make the simplified 
geometry ready for the analysis in short time. 

2.3 Conceptual Design 

One of the areas where the lead time is a major factor in product 
development stage is the conceptual design stage. Conceptual design, 
which is perhaps the most crucial stage in an engineering product 
development cycle, can be defined as the initial rough design of a new 
product, which is submitted to the acceptance of the management prior to 
any kind of extensive design development. According to Wang et al [6], 
conceptual design is a very important task in computer-aided design, but it 
is also very difficult to accomplish. Computers have been used extensively 
in areas such as simulations, analysis and optimization, but there are 
relatively very few tools that can be used during the conceptual design 
phase. It is because of the reason that the ‘knowledge’ during this early 
stage of the design process is usually ‘not precise’ and ‘incomplete’. It 
makes it difficult to utilize computer based systems effectively in this 
phase. 

2.3.1 Importance of Conceptual design 

Since the conceptual design phase determines the major factors such as the 
manufacturing processes (e.g., fabrication or forging), it plays a crucial role 
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in the final product. As shown in the Figure 2.3, the impact of the decisions 
taken during this conceptual phase is very high, but at the same time, the 
tools available is very low compared to other states of the engineering 
design activity. 
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Figure 2.3   Conceptual Design status 

Generally in this conceptual stage of the product development, lot of design 
alternatives will be needed in order to choose the best possible one, which 
obviously involves lot of repetitive tasks that the design engineer should 
perform. Also in the later stage, when the selected design is subjected to 
analysis, lot of iterative activities should be carried out in order to find the 
optimum design. This results in huge lead time for the final product to be 
manufactured. Since most of the repetitive conceptual design and analysis 
activities could be automated in KBE, it gives lot of effective time for the 
designer to test other alternatives instead of looking into the same tasks 
over and over again. 
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3 Knowledge Based Engineering 

The knowledge related with geometrical and non-geometrical details of any 
product can be captured and re-used in the future products. In this way the 
time needed to obtain a new product concept will be minimized. 
According to MOKA [1],  

“Knowledge Based Engineering (KBE) can be defined as the use of 
advanced software techniques to capture and re-use product and process 
knowledge in an integrated way”. 

The main objective of any KBE system is to reduce the lead time by 
capturing the knowledge involved with the product model. A product 
model is the one which contains the knowledge about how a product should 
be developed. This knowledge not only involves the geometrical design, 
but also the manufacturing aspects, processes, material properties and even 
the cost model [3].  

As shown in Figure 3.1, engineers spend a considerable amount of time in 
routine and time-consuming tasks during development of any products. 
This is due to the fact that these activities need to be repeated until an 
optimum output has been obtained in terms of design as well as quality. But 
while implementing KBE in these processes, the engineers can be able to 
automate most of these routine tasks (or the whole process itself), thereby 
can spend much of their time in other alternative concepts for the same 
products, which will fetch them a better product in terms of time, design 
and quality.  

20%
Creative

80% Routine

80%
Creative Cycle Time Reduction

TimeWith KBE

Without KBE

20%
Creative

80% Routine

80%
Creative Cycle Time Reduction

TimeWith KBE

Without KBE

 

Figure 3.1    Advantage of KBE [1] 
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3.1 Difference between KBE and CAD/CAE 
3.1.1 Creation of the Geometry 

The major difference between any KBE system and CAD/CAE system is 
how the geometry is created. In any CAD/CAE system (e.g., I-Deas), the 
user interactively creates the geometry, whereas in a KBE system, the 
geometry is created based on the rules and knowledge described in the 
code. 

3.1.2 Non-Geometric Knowledge 

Furthermore, CAD/CAE is a tool mostly used for generating geometry 
while KBE goes bit more and can even deals with non-geometric 
knowledge like manufacturing cost, weight estimation and optimization. 

3.2 Various KBE tools 

There are various KBE tools exist. According to Patrik [3], few examples 
of available KBE tools are Unigraphics’ Knowledge Fusion (KF), 
Technosoft’s AML, KTI’s ICAD, Heide Corp.’s INTENT and Design 
Power’s D++ (Design++). Among these KF merges the object oriented 
programming feature along with interactive modelling in Unigraphics, 
which makes KF more powerful as a design tool. 

3.3 Object Orientation 

Object Orientation programming can be defined as, “A type of 
programming in which programmers define not only the data type of a data 
structure, but also the types of operations (functions) that can be applied to 
the data structure. In this way, the data structure becomes an object that 
includes both data and functions”. 
 
In addition, programmers can create relationships between one object and 
another. For example, objects can inherit characteristics from other objects. 
One of the principal advantages of object-oriented programming techniques 
over procedural programming techniques is that they enable programmers 
to create modules that do not need to be changed when a new type of object 
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is added. A programmer can simply create a new object that inherits many 
of its features from existing objects. This makes object-oriented programs 
easier to modify.  

Since most of the KBE systems are based on object orientation method, 
they basically hold lot of benefits over their procedural counterpart. 

3.4 Motivations for adopting KBE 

If an engineer who works for many years in a company retires, the 
company will loose lot of knowledge. The difficulty to regain the same 
knowledge is really huge. This is one of the motives for adopting KBE.  
Another motive is to achieve more with fewer people. Since the design 
process is stored in computerized environment, it is possible to automate 
most of the routine tasks that the engineer would do otherwise. But, due to 
KBE implementation, the engineer can concentrate on other creative works 
and can test more alternatives which will be very effective in terms of 
productivity and quality of the designs. 

3.5 What are the types of products that would 
benefit from KBE?  

According to Andersson [4],  
• Products with high degree of similarities (not much changes 
      between versions)          
• Products which require large number of design alternatives 
• Products with many repetitive processes 

 
Since the design of an IMC component (and most of the components 
involved in the air-craft industries) possesses all these properties, KBE 
could be an ideal tool for VAC to use for its design activities. 
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3.6 Benefits of KBE 
3.6.1 Lead time reduction 

The ultimate benefit of any KBE system is the reduction of lead time for 
design activities. It will be a critical factor for any organizations to supply 
the final products to their customers in optimum time. The quality of those 
products is a crucial factor as well. Since many alternatives can be 
compared by using KBE before finding the optimum design, the quality 
will be always better. 

3.6.2 Re-Use of Knowledge 

Another advantage with any KBE system is that the knowledge stored in a 
product model can be grasped and re-used for other systems with similar 
design requirement. By this way, the user can use the same classes in order 
to define the rules, data and the knowledge for different products with 
similarities between design configurations. Hence the user does not need to 
start any new classes from the scratch again. 

3.6.3 Product optimization 

Since most of the processes in a KBE system are automated, the user can 
try many ‘What-If?’ concepts. By doing so, various alternatives could be 
tried out in very less time and can find out an optimum configuration.  

3.6.4 Dependency-Tracking 

Also general KBE systems are based on ‘Dependency-Tracking’. That is 
any modifications made in a parameter is calculated and updated ‘only’ for 
those particular objects with which the parameter is coupled with. But, in a 
CAD/CAE system, a change in a particular parameter re-calculates the 
whole system since the computations are performed in a sequence. By this 
way, in a KBE system, a change in a particular parameter propagates to all 
the parameters connected with it in lesser time. 

3.6.5 Demand-Driven 

In a KBE system, only those data that are required for particular 
calculations are needed. It is known as Demand Driven (or call-by-need). 
While dealing with a complex design configurations, this feature of the 
KBE system will be handy to obtain the required results in quick time. 
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So when a design configuration grows and becomes more complex, which 
happens more often in the aerospace industries, the cluster of Dependency-
Tracking and Demand Driven makes KBE as a powerful environment. 

3.7 Knowledge Fusion (KF) 

Knowledge Fusion is a KBE based programming language (or a KBE 
module) built to be used in Unigraphics, which supports Object Orientation. 
In this, the data and the rules are combined together to describe the design 
details, which can be readily modified in order to get different product 
models (configurations). The term object orientation describes the fact that 
the code and the data are merged into one object. The object structure is 
based on the specific procedures defined inside the “class”.  
 
In KF, a class is the collection of geometric data and the rules, which 
combined called as Knowledge. The rules describe the procedures based on 
which the objects and the order of the processes are determined. Since KBE 
is demand-driven as explained in the previous section, the data and the 
rules inside a class can be in any order irrespective of how and what they 
do. This makes it flexible compared with a procedural programming, where 
the data must be declared in the order in which they are going to be 
executed. In this thesis work, the classes have been written in XEmacs text 
editor. The file extension for a class is .dfa (Distributed File 
Acknowledgement). 

3.8 Automation of Engineering Activities 

In product development, all the activities which take place before any kind 
of analysis are termed as pre-processing. It involves the steps like geometry 
definition, idealization of the geometry, meshing and an input deck 
generation for analysis. 

As explained in the objectives of this report in section (2), the pre-
processing or the preparation of the geometry for any kind of analysis takes 
more time. It is due to the repetitive and time-consuming engineering 
processes involved in the pre-processing stage. As in the left diagram of 
Figure 3.2, the engineering activities like idealization of the geometry, 
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creating the FE mesh and input deck generation should be done iteratively 
until the analysis results become optimum. For instance, according to 
Desaleux and Fouet [5], the cost for the creation of an FE mesh alone 
represent about 80% of the total analysis cost. 

 

 

Figure 3.2  Engineering Automation Process (without & with KBE) 

But due to the implementation of KBE techniques in all these pre-
processing activities, as shown in the right diagram of Figure 3.2, the time-
consuming tasks of the engineering activities can be automated. In this 
way, if the results from the analysis are not satisfied, the geometrical 
definition has been altered by the user. Then all the processes like 
idealization, meshing and the input-deck creation have been done 
automatically. By this way, the KBE tool avoids the involvement of 
humans in the time-consuming processes. So, the engineer will get lot of 
effective time in which many design configurations can be tried out in order 
to find an optimum design. 
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4 Jet Engine 

Intermediate Case (IMC) is a structural component in a turbo-fan jet 
engine. It can be wise to know bit about jet engine and its functions before 
continuing with IMC. 

4.1 Principle of Jet engine 

Jet Engines work under the principle of Sir Isaac Newton’s third law, which 
states that ‘For every force acting on a body, there is an opposite and equal 
reaction force’. According to this rule, when a large stream of hot gases at 
very high velocity and pressure emerges out through the nozzle in the rear 
part of the engine, the engine, so does the aircraft tend to move in the 
opposite direction with very high speed. 
 

 

Figure 4.1   Jet Engine Principle (Courtesy of RR [2]) 

Figure 4.1 shows the working cycle of a common Jet Engine. The working 
cycle consists of 4 stages, which are Air-intake, Compression, Combustion 
and Exhaust. The atmospheric air has been sucked in by the fan in the front 
part of the engine, which sends them through the compressor which 
compresses the air, thereby increases its pressure. Then the high pressure 
air enters the combustion chamber where it is burnt with the fuel, which 
produces very high temperature and velocity. This air with very high 
temperature and velocity passes through the turbine and rotates the turbine 
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blades. The turbine shaft, which is connected with the compressor and the 
fan in the front, in turn drives the compressor and the fan. Finally, the air, 
after passed through the turbine, escapes through the nozzle located in the 
rear most part of the engine with very high velocity, which provides the 
thrust in the forward direction as per the law. 
This is the principle for a pure jet engine where all thrust comes from the 
core flow. However in modern aircraft engines, a part of the air is  
by-passed. These engines are called as turbofan engines and used 
extensively for propelling commercial flights since it is more fuel-efficient.  

Figure 4.2 shows the schematic view of a two-shafted turbofan engine. 

 

 

Figure 4.2 A Schematic view of a two-shafted turbofan engine 
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5 Intermediate Case (IMC) 

Intermediate Case (IMC) is a supporting structure positions between the 
low and high pressure compressors in a two-shafted jet engine. The main 
functions of an IMC are to act as a structural support for the components 
surrounding it and also it connects the engine with the flight. Therefore, it 
should be stiff enough to transfer the thrust from the engine to the aircraft 
wing or the fuselage depending on the aircraft type. Figure 5.1 shows a 
functional view of an IMC component where the important components and 
regions are highlighted. 

Outer Ring

Bypass Channel Core Channel

Splitter Box

Core Struts

Bypass Struts

Outer Ring

Bypass Channel Core Channel

Splitter Box

Core Struts

Bypass Struts

 

Figure 5.1 Functional IMC 

Some other functions of an IMC are  
• Separate the air-flow in two channels (Bypass and Core) 
• Support low and high pressure compressor shafts 
• Support other components (e.g., bearing) surrounding it 
• Transfer oil and air into the bearings 

 
These are some of the functions that demands IMC to have more complex 
design requirements. 
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In the case of three-shafted engines, this component is called Intermediate 
Compressor Case (ICC), which lies between the low and intermediate 
compressors. But this report considers only about IMC. 

5.1 Load Path 

While the aircraft is in motion, there will be lot of dynamic loads acting on 
the engine. For example the motions are like take-off, flying or landing of 
the aircraft. Also there are occasions like Fan-Blade-Off (FBO) in which 
the blades of the fan break-off and fly into the aircraft engine. It may occur 
due to the collision with any birds during flying. Since IMC is the 
component that connects the engine with the aircraft, it should pass all 
these loads safely into the wing-structure or the fuselage of the aircraft, in 
order to protect the axle of the engine from these loads. The path that the 
load follows is called Load Path of an IMC component. 
As described by the “title” of this thesis work, the idea is to build various 
design configurations of an IMC, which could be used to find out the 
optimum load path during various load cases. The load path can be in any 
form, can be straight up or in a zigzag manner. It can follow different paths 
in order to pass the loads safely. But more often, the load path should be as 
straight as possible. Besides that all the components of an IMC should be 
stiffer enough to withstand all the load cases. 

5.2 Components of IMC 

The geometry of an IMC divided into following regions, 
• Outer Ring 
• Bypass channel 
• Splitter Box 
• Core channel 
• Support Structure 

 
Figure 5.2 shows a schematic view of a functional IMC with all its 
important components. Short descriptions of all the important components 
of an IMC are explained in the following sub-sections. 
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Nomenclature
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Figure 5.2  Schematic IMC 

5.2.1 Outer Ring: 

Outer Ring is the part where one end of the bypass struts are attached and 
supported. Also it is the part to which the engine mounts are attached in 
order to connect the engine to the wing structure of the flight. The engine 
mounts are also used to transfer the loads from the engine to the wing 
structure. The flanges are positioned at the ends of the ring part. These 
flanges are used to connect other components of the engine with IMC. For 
example, the fan case is connected to the front flange of the outer ring. The 
rib-stiffeners are circular structures surrounding the outer ring, which 
provides the additional stiffness. 

5.2.2 Splitter Box: 

Two circular rings (outer and inner), two side-walls and four flanges 
constitute a splitter box. The splitter box is also called as torsion box. The 
function of the splitter box is to support the bypass and core struts in its 
faces. Splitter box contains the support structure between its rings. This 
support structure provides the additional stiffness and path for the loads. 
Sometimes, splitter box contains the engine mounts, in which case the 
engine is called as core-mounted engine. 
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5.2.3 Support structure:  

It is located around the axle of the engine. Usually it contains two rings 
(upper and lower), two side-walls and flanges in the front and rear parts. It 
is also called as “Bearing support structure”, due to the fact that it holds the 
bearing which supports the axle in the front part of the IMC. The lower ring 
can have a cone in the front (or rear) part. Sometimes the support structure 
might contain only one ring. The core-struts are connected to the upper ring 
of the support structure. The support structure holds the flanges which are 
connected to other components surrounding IMC. 

5.2.4 Bypass and Core channels 

The region forms between the outer ring and the splitter-box outer ring is 
the bypass channel. The structures positioned in this region in order to give 
the stiffness and strength to the IMC are called Bypass struts. The region 
between the splitter box inner ring and the support structure is called as 
core channel. The structures positioned here are called core struts. These 
bypass and core struts can be same in number, but, quite often they are not. 
Also the appearance of the bypass and the core struts might be the same or 
different. Few of these struts might be bigger in size than others and those 
big ones will have the passage to allow oil and air flow through to the 
bearing.  
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6 Method - Idealization of the Geometry 

6.1 Geometry definition 

The user provides the required design specifications and needs, which the 
designer interprets into the geometrical definition. Generally the user 
provides solid definition of all the components as the input. The input can 
be provided by the user in few different ways, which will be discussed later 
in the report. 

6.1.1 Motivations to adopt Shell Elements 

The specifications provided by the user normally represent the dimensions 
of a real solid object. It is difficult to use solid elements to carry out the 
analysis in order to find out the optimum design. Because many solid 
elements need to be used in order to accurately represent the structural 
behaviour (such as stiffness, bending, stress and strain through the 
thickness) of components possess complex geometries like that of IMC. 
Consequently, the required processing time (also the computer memory and 
the disk space) during the analysis is usually huge. 
So, the solid geometry should be simplified (or idealized) in some way to 
make it easy and fast to do calculations during the analysis stage. Shell 
elements can be an alternative for carrying out the analysis because of their 
formulation, which yields solutions in quick time (and also demands less 
computer resources) compared to solid elements. Also for an assembly 
(e.g., IMC assembly) in which different components have varying 
thickness, it is an easy solution to add appropriate thickness for the right 
components while using shell elements. Also shell elements are easy to 
mesh compared to solid elements.  

These are some of the reasons which make the shell elements as a better 
replacement over solid elements, where it might be difficult to deal with 
varying thickness.  

6.1.2 Mid-Shell Representation  

If the shell representation has been referred to the middle-surface of the 
solid geometry, it is called as mid-shell representation, which is considered 
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in this particular thesis work. The mid-shell geometry is defined as a 
simplified representation of the real solid geometry, in order to make the 
analysis in quick time. Though it is the simplified form of the solid 
geometry, it should represent the real solid object while given with half the 
thickness on either side.  
There are few requirements that the mid-shell representation should satisfy, 
especially in the interfaces, where two components are joined (e.g., using 
bolts) together. For example Figure 6.1 and 6.2 shows two kinds of simple 
mid-shell representations at the interface of two components. 
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Figure 6.1    Mid-Shell Representation - 1 
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Figure 6.2  Mid-Shell Representation – 2 
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In Figure 6.1, the mid-line throughout the solid geometry has been 
considered as the mid-shell representation. In this case, half the thickness 
should be fed to all the mid-shell geometries in order to represent the real 
solid. The problem with this representation is realized during FE Meshing 
of the components. Since the mid-shell lines of the two components are 
separated by some distance (sum of half the thicknesses of the two 
components), one can’t make sure that the nodes of the elements in the 
adjacent components are connected to each other. It can be sorted out by 
using the beam elements to fill the gap between the components.  

But if the mid-shell representation as it is shown in Figure 6.2 is followed, 
where the mid-shell considers the common-surface at the interfaces, it can 
be directly made sure that the nodes are connected without adding the beam 
elements in-between. So the mid-shell representation of Figure 6.2 becomes 
better choice over the one shown in Figure 6.1 in the sense that the later one 
avoids the usage of additional beam elements into the analysis. In this mid-
shell representation, the whole thickness will be fed at one side to represent 
the real solid. 

Also if the struts are considered, as shown in Figure 6.3, the thickness is not 
the same throughout their circumference. It is thicker in one of the ends and 
thinner in the other. There will be lot of material in the thicker end than the 
thinner end. The mid-shell representation is shown in the same figure with 
red dashed line. Since the conceptual design phase is dealt in this work, the 
geometry can be simplified to make the design process faster. So instead of 
considering various thicknesses at different locations, the thickness is 
considered to be the same throughout the strut profile, which is shown in 
Figure 6.4. 

Solid

Mid-Shell

Solid

Mid-Shell  

Figure 6.3    Real Strut's Mid-Shell Representation 
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Solid

Mid-Shell
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Mid-Shell  

Figure 6.4   Simplified Strut's Mid-Shell Representation 

6.2 IMC Assembly using KF – Initial Method 

In the beginning of this thesis work, building the IMC mid-shell design 
configuration have been done thoroughly by writing codes in Knowledge 
Fusion. By this procedure the naming and creation of part-files, creating the 
components in the part-files have been done through the rules written inside 
the KF code. Also various operations like extrusion, revolving and 
trimming of the components have been performed using the code as well. 
KF possesses many pre-defined functions for performing these operations. 
It is also possible to write user-defined functions in KF in order to perform 
some operations. But still it might be needed to use pre-defined functions 
and by making few modifications in them, it will be possible to obtain new 
functions.  
In this method, the application works by executing a main class, which calls 
for further classes in the system. The main class is the one which holds all 
the rules about the assembly. For example this is the class which decides 
the components to be used in the particular assembly. It creates the part-
files and names them accordingly. The classes with the same name as those 
of the part-files have been created manually. These sub-classes hold the 
data and the rules (i.e., knowledge) about that particular part-file 
(component). When called by the main class, all the sub-classes will 
perform their tasks to create the required components into the new part-files 
according to the rules defined inside them. 
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A typical rule inside a main class can look like the following: 

if Type_OR:=1 

then Outer_Ring_Line_Mid_Shell_CLASS 

else if Type_OR:=2 

then Outer_Ring_Spline_Mid_Shell_CLASS 

else 

{ 

ug_printMessage (“The Type of Outer Ring should be either 1 or 2”) 

}; 

It is one of the simple examples to choose a particular type of outer ring to 
fit into the IMC assembly. In this example, based on the type of outer ring, 
the main class will choose the sub-class. This sub-class in turn perform all 
the operations that are described by its rules in the part-file. The user will 
get an error message if tries to feed any wrong parameters in this case. The 
user will be able to feed the input to the application through the user-
interface that is built along with the application. In other way, an external 
Text-File can be used as the input medium, where a set of input parameters 
are defined. The application will read the input parameters from the text-
file using built-in functions available in KF. The user simply needs to 
change the parameter in the input medium (user-interface or text-file), 
which the application will update in the final assembly. 

6.2.1 Time-Related Problems with the Method 

Though it seems to be a good procedure to build various design 
configurations entirely by KF as explained in the above section, this 
method still has some disadvantages with it. The time that it takes to build 
the application entirely in KF is generally more. It is due to the series of 
classes that need to be built to obtain the assembly. Also the time that the 
application will take to update the changes in the parameters is more, since 
the rules should execute through various classes which the main-class is 
calling for. Along with these few ‘time’ related disadvantages, this method 
also has other problems incorporated with it. 
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6.2.2 Lack of Functionality 

The rules in KF don’t possess enough functionalities to ‘constraint’ the 
part-files in the assembly. The word constraint defines the limitations with 
which various curves and lines in a part-file can move around. For a simple 
example, KF can’t constraint two adjacent curves to be tangent to each 
other. Sometimes if this constraint is not satisfied, the assembly might 
become unreasonable or can get crashed. 

6.2.3 Problems with more number of Classes 

The application needs to have more number of classes to control different 
part-files. In this method of building the assembly, each and every part-file 
should hold a corresponding class, more often with the same name. At 
times, it might be difficult to figure out any errors occur in one of those 
classes. The user might need to go through the whole system of classes to 
fix things up. 
These are the few reasons which make this work to follow a different 
procedure to build the assembly and obtain different configurations from it. 
This will be explained in the following chapter. 
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7 Wave-Link Procedure (KBE + CAD) 

In this method, which was adopted in the later part of this work, the 
features of both Knowledge Based Engineering (KBE) and Computer 
Aided Design (CAD) have been merged to build the assembly. By this way, 
both KBE and CAD complement each other, which make it an effective 
and time-saving application tool. The next section explains about the 
procedures followed in this thesis work using this new method which 
integrates both KBE and CAD tools. In this new method the assembly has 
been built in Unigraphics and Knowledge Fusion has been used to control 
the various part-files and parameters in order to obtain different 
configurations. 

7.1 Creation of the Part-Files 

In order to start with the new method of idealization process, it is necessary 
to build the part files for the different components of an IMC in 
Unigraphics. Since the objective is to create various design configurations 
of an IMC, few different types of the components have been created. For 
instance the outer ring can have a flat ring surface in one configuration. It 
can have a curved ring surface in another configuration. The strut can be 
either of symmetric or twisted one along its length. 
 
These part-files have been created interactively in Unigraphics. Before 
started to create any part files in the CAD system, the model preference has 
been set to ‘sheet’, so when the geometries are revolved or extruded, they 
will result in sheet (shell) bodies. The procedures which followed to create 
the part-files for the components of IMC are explained in this section. 

7.1.1 Outer Ring 

In the case of a flat type outer ring, a line has been created in order to 
represent the ring surface. It can be done by defining the points and then 
make a line though those points. The points can either be created 
interactively or can read from an external text file. Otherwise the line can 
be created using the appropriate GUI option. Two more lines have been 
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created at the end of the first line in order to represent the front and rear 
flanges.  
 
In the case of outer ring curved type, the spline has been used to represent 
the curve. As in the line type outer ring, the points which define the spline 
can be defined interactively or externally using a text file and the flanges 
are represented by lines as before. Once done with creating the outer ring 
and flange representations, they should be revolved in order to get the 
cylindrical outer ring. The revolve operation has been performed about the 
axial axis of the engine, which quite often is the ‘x’ axis of the Unigraphics 
coordinate system. 

The lines and spline created to represent the outer ring have been 
geometrically constrained in the CAD system so that they won’t move 
around when the user tries to change the parameters in the final application. 
Figure 7.1 shows the screen shots of two types of outer rings taken from the 
Unigraphics’ window. 

 

Figure 7.1  Outer Rings 

7.1.2 Splitter Box 

As like outer ring, the splitter box can be created in two types, one with the 
line type and another with spline type ring using points from a text file or 
interactively. It usually has a support structure which connects the two rings 
to provide the stiffness for the assembly. These support structures inside the 
splitter box can be a continuation of the struts. Otherwise the support 
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structure might be an X-Stiffener, where the support structure looks like the 
letter X. The requirement is that these support structures should follow the 
edge of the bypass struts in their top and the edge of the core struts in its 
bottom. This condition provides the smooth load path for the IMC 
assembly. Also since this work deals with the conceptual design, the 
support structure inside the splitter box holds the simple structure as shown 
in the right diagram of Figure 7.2. 
 
These support structures can be created in two ways. In one way, these are 
created in a separate part-file and brought into the assembly. In this case, 
the rules declared in KF are used to make the support structure to follow the 
edges of the struts. In other way, two splines (called studio-spline in 
Unigraphics) are created interactively in the front and rear part of the struts, 
connect the bottom edge point of the bypass strut and top edge point of the 
core strut in their respective parts. After its creation, the lengths of the 
splines are extended by a small margin in both its ends and the new splines 
are revolved around the axial axis in order to get the sheet bodies. It is to 
make sure that the tolerance problems won’t arise while revolving these 
splines about the axial axis. 

Figure 7.2 shows the screen shots of the splitter box ring (outer and inner) 
and the support structure which is going to be positioned between the rings. 
While combined together in the assembly, the splitter box looks similar to a 
box which fetch the component its name. The ring type shown here 
represents line type, where the rings are flat. 

 

Figure 7.2 Splitter Box Ring and Support Structure 
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7.1.3 Bypass and Core Strut 

The struts are created interactively in Unigraphics. The arcs are used to 
define the profile of the struts. If more arcs are used to define the strut 
profile, it could be so flexible to control the struts in order to obtain various 
configurations. In this thesis work, four arcs have been used to define the 
struts.  

 

Figure 7.3 Various Strut Configurations 

As shown in first diagram of Figure 7.3, the profile of the strut can be 
defined in one datum plane and extruded over a certain height. In other way 
around, as shown in the other diagrams of the same figure, the profile can 
be defined in two datum planes positioned at some distance away from each 
other, so that struts with aero-dynamic demands can be obtained by 
changing the parameters accordingly in both the planes. 
Once the arcs have been created in the planes, they are swept along a guide 
line in order to get the sheet body. If these planes are created in such a way 
that they can be tilted at an angle around an axis, it will be possible to 
create the ‘leaned-struts’, in which the lean-angle can be in the order of 0 to 
40 degrees. Also the guide lines through which the arcs are extruded can be 
positioned at an angle known as ‘sweep-angle’, which results in new type 
of struts.  

While dealing with the struts in the CAD system, it is important to have all 
the necessary geometric-constraints on the sketch of the struts in the part-
files. For example, while creating the four arcs to define the strut profile, it 



 33

is important to use the constraint that all adjacent arcs are tangent to each 
other. If this constraint has not added in the sketch, the part-file might crash 
while trying to change some values for the arcs later on. 

7.1.4 Bearing Support Structure 

The rings of the outer ring can be represented by the line or spline. The left 
diagram of Figure 7.4 shows the upper and lower rings made up of lines. 
The lower ring also holds a cone in the front. These lines are revolved 
around the axial axis in order to obtain the rings and the cone. 
As in the case of splitter box, the bearing support structure can have the 
structures positioning between the upper and lower rings and these 
structures are shown in the second diagram of Figure 7.4. These structures 
are represented by creating two lines and their lengths are increased little 
bit in order to avoid tolerance problem while revolving. Then the new 
extended line has been revolved around the axial axis (quite often the X-
axis) in order to obtain the sheet bodies. The assembly of the bearing 
support structure ring and the structures between are shown in the third 
diagram. 

Sometimes, the bearing support structure can only have one ring (upper 
ring) and two flanges in the ends of the ring. This is shown in the right 
diagram of Figure 7.4. 

 

 

Figure 7.4 Bearing Support Structure            

7.2 Naming and Dimensioning of Components in 
Part-Files 

Once all the part-files have been created, the sheet (or shell) bodies, their 
surfaces, the edges and curves are named accordingly in order to access 
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them from Knowledge Fusion code. By calling appropriate functions inside 
KF, the geometric information about various parts of the components can 
be obtained. Also the dimensioning of all the parts has been done using 
proper names. These dimension-names can be used in order to update the 
parameters in the IMC assembly as explained in the later sections. 

7.3 Building IMC Assembly 

Once all the part-files have been created, the IMC assembly can be built 
using those. The procedures which followed in order to build the assembly 
have been explained in this section. 

7.3.1 Assembly of Components 

A new part-file has been created to which all the part-files of the 
components are brought in to form the assembly. Initially when the strut 
part-files (both bypass and the core) are brought, the length of the struts is 
more in such a way that they are stretching beyond the rings. That is the 
bypass strut is crossing the outer ring and the splitter box outer ring. In the 
same way, the core strut is crossing the splitter box inner ring and the 
bearing support structure’s outer ring. So the bypass strut must be trimmed 
against the outer ring and the splitter box outer ring. The core strut must be 
trimmed against the splitter box inner ring and the bearing support structure 
outer ring in order to get the exact assembly. 

7.3.2 Wave-Linking 

When brought into the assembly, the part-files won’t carry their 
geometrical information with them. It is because there is no link between 
the original parts and assembly parts. They will simply be the part of the 
assembly without any geometry, which does not allow the user to make any 
operations on them. So, it is not possible to trim the struts directly against 
the respective rings. In order to make the components to get back their 
geometry, they are wave-linked using ‘wave geometry linker’ feature in the 
Unigraphics CAD system. In this way, if there are some changes made in 
the individual part-files, they will be updated in the assembly as well, 
indicates that the link has been established between them. 
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7.3.3 Breaking the link of the wave-linked bodies 

The parts that the user wants to modify are chosen. Then the links existing 
between these specific components in their part-files and their wave-linked 
bodies in the assembly are broken. This facilitates the user to choose 
between different design configurations by feeding the requirements 
through the codes in KF. For instance if the user wishes to modify the type 
of bypass strut from one to another, the link existing between the strut’s 
part file and the assembly is broken. Then the strut’s file name and the 
object name have been “referred” with parameters from the codes in KF. 
By changing these parameters the user will be able to choose different types 
of struts to be used in the assembly. This is explained in the succeeding 
sections.   

7.3.4 IMC Assembly 

The bypass strut is trimmed against both outer ring as well as the splitter 
box outer ring using the appropriate trim feature in Unigraphics. In the 
similar manner, the core strut is trimmed against the splitter box inner ring 
and the bearing support structure’s outer ring. Once the struts are trimmed, 
the trimmed bodies are extracted using the option. By doing ‘extract’ 
operation on a body, an associative copy of the original body has been 
created. If any features are added to this extracted body, it won’t appear on 
the original body. This has been done since Unigraphics needs extracted 
bodies in order to copy them around. Then the ‘group feature’ has been 
created from these extracted strut bodies in order to make the ‘feature set’, 
from which the copies of the extracted bodies can be created. 
Once the feature sets of bypass and core strut are obtained, they are 
positioned around the circumference of the rings using ‘instance’ and 
‘circular array’ features of Unigraphics. Also the ‘expressions’ are created 
using which the user is able to change the number of struts from KF later 
on. At this stage of the process the wave-linked assembly has been made 
which after few further procedures can be controlled from KF code using 
the rules and the knowledge incorporated. 

7.3.5 Combining KBE with CAD 

Once few more procedures are done on the wave-linked assembly, the rules 
can be implemented in KF and used to control the components of the 
assembly to obtain various design configurations. By doing this the CAD 
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and KBE system are harmonized to obtain the maximum benefits out of 
these two. The following section describes the various procedures for 
controlling the wave-linked IMC assembly from KF. 

7.4 Reference from KF to broken linked bodies  

Once all the broken link-bodies are adopted to the Knowledge Fusion 
application through KF navigator in Unigraphics, the front and rear edges 
of the bypass and core struts are adopted in the same manner. The 
coordinates of the edge end points will be used to position the support 
structures of the splitter box to make it to follow the bypass and core strut 
edges. The reason is to make the load path inline with the struts. In the 
same manner, the bearing support structure should always follow the edge 
end points of the core struts for the same reasons as before. After adopting 
all the required broken linked-bodies and the edges, the main class has been 
executed from Unigraphics. This class carries all the parameters and rules 
about the components used in the assembly.  
 

Figure 7.5 Screen-shot of IMC assembly with KF navigator 

Figure 7.5 shows the screen-shot of a simple IMC assembly with ten bypass 
and core struts along with the KF navigator which incorporates all the 
parameters and the rules defined in the class. The class carries parameters 
which allow the user to change the name of the part files and the sheet 
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bodies. By using those file names and object names, it becomes possible to 
choose between different types of outer rings, struts and support structures. 
The class also holds the parameter to change the number of struts and the 
angle of struts. By changing these parameters it is possible to obtain various 
number of struts and positioning of struts. This makes this application to be 
able to build various configurations in less time.  

Later by using other applications built in two more works carried out at 
Volvo Aero in the parallel time, it becomes possible to mesh the obtained 
configurations and create the input deck for analysis. The input deck thus 
created can be given as input to Ansys or Nastran FE solver in order to 
proceed with the analysis. It is due to the reason that Unigraphics lacks in 
few features for FE analysis that, for example Ansys has. By doing the 
appropriate analysis, the load path of the IMC can be found out.  

7.5 Input through General Arrangement (GA) 
7.5.1 General Arrangement (GA) Solid 

 

Figure 7.6     General Arrangement (Solid) 
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As shown in the Figure 7.6, the General Arrangement or shortly known as 
GA in aero industries, is the schematic representation of the solid 
definition. It represents the surface lines of the solid objects. The user either 
can provide the design requirements through this General Arrangement or a 
user-interface that can be built along with the application. 

The user can easily interpret the parameters that he wishes to modify by 
looking into the GA. Also one might get a rough idea about how the 
assembly look like, just by looking into the GA. Often the user specifies the 
horizontal and vertical distances to certain edges and points of the solid 
part. Also the user can specify the angular dimensions to the outer surfaces.  

Figure 7.7 shows the GA solid with all the parameters that the user may 
need to modify. This GA includes the angles between the axial axis of the 
engine (In the UG coordinate system, often X-axis represents the axial axis) 
and the surface lines in the struts, splitter box support structure and the 
bearing support structure. It also includes the horizontal and vertical 
distances from the axial axis of the engine to various edges and interfaces. 
The user simply needs to choose one of the dimensions and modify it. 

 

Figure 7.7   GA (Solid) with all parameters 
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Figure 7.8   General Arrangement (Mid-Shell) 
 

7.5.2 General Arrangement (GA) Mid-Shell 

Figure 7.8 shows the General arrangement (Mid-Shell) representation. It is 
obtained by wave-linking the General arrangement Solid (GA solid) part 
file into a new part-file in Unigraphics. It can be named as GA mid-shell. 
Wave-linking describes a process in which all the geometric details of the 
part file (parent) have been waved or inter-linked into another new part-file. 
The geometric information thus created in the new part-file will always 
follow the parent part-file.  
Once the wave-linking has been done, the mid-line has been drawn in this 
new GA mid-shell part file by taking the two surface lines as the reference. 
The constraint has been added to this mid-line that it should always lie in 
the middle between the two surface lines. While the user modifies some 
parameters in the GA solid, it automatically follows and updates in the 
linked GA mid-shell part file. Since the mid-line has been constrained using 
the two surface lines in GA mid-shell part file, the mid line starts to follow 
and lie exactly in the middle of the surface lines. 
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7.6 From solid to Mid-Shell 

All the curves in the new mid-shell geometry have been given the 
appropriate naming conventions according to the part they represent. By 
referring to these curves from KF using appropriate built-in and user-
defined functions, the exact information about the curves can be obtained. 
For a simple example the start and end points of a mid line curve which 
represents the outer ring surface can be obtained. These values are then 
given to the various outer ring part files, so that the part files hold the 
positioning of the mid-lines. Similarly the edge information of the strut’s 
mid line will be given to the strut part files, which makes the part files to 
follow the mid line of the struts. Also the edge information of the struts will 
be used to position the support structure inside the splitter box. 
 
In this way, it becomes possible to change the general arrangement which 
in turn builds various mid shell design configurations. 
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8 Results 

Creating many design configurations of a particular product and checking 
their performance by conducting some analysis is an integral part of any 
product development process. By doing so, it will be possible to choose the 
best available one among many. There were few problems with this process 
in terms of time. As explained in this report few times before, these are 
most time-consuming and mundane tasks, which consumes most of the 
man-hours that an engineer otherwise can spend in a more efficient way. 
Also especially in Aerospace industries, the design changes between the 
successive versions of a product are very little. For example in the case of 
IMC, the position and number of struts, the angle at which the struts are 
located or the length of outer-ring can be different for the successive 
versions. 
 

 

Figure 8.1  GA User-Interface 

By using the current application tool, it becomes quite simple and user-
friendly to achieve these changes in very quick time. The term ‘user-
friendly’ describes the fact that the user only needs to look into the GA 
solid and make the required modifications to the parameters just by the 
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click of the mouse. This will be automatically updated in the final mid-shell 
assembly.  
 
As shown in figure 8.1, the task for the user is to open the GA solid sketch 
and change the desired parameters. The outcome is the new IMC 
configuration in less time. Also the user can be able to get a rough idea 
about the outcome of the new IMC configuration, from the General 
Arrangement. The IMC configuration which corresponds to the GA of 
Figure 8.1 is shown in Figure 8.2. As it can be seen, the Bypass struts have 
been positioned in the middle of the outer ring surface.  

 

Figure 8.2. IMC configuration corresponds to GA of Figure 8.1 

But if the user makes any changes to the GA, for instance, if the user 
changes the angle between the axial axis (given by the horizontal green line 
in the Figure 8.1) and the rear edge of the bypass-strut from 70 deg. to 50 
deg. the rear part of the outer-ring will follow the bypass strut. The GA 
after the angle has been changed is shown in Figure 8.3. The corresponding 
IMC configuration is shown in the Figure 8.4. As it can be seen, the length 
of the outer ring is increased with the change in the angle. 
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Figure 8.3. Modified GA User-Interface 

 

 

Figure 8.4.   IMC configuration corresponds to GA of Figure 8.3 
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Otherwise, the user-interface can be used as the input medium, which can 
be built along with this application. In this way the user will modify the 
required parameters in the interface which looks like an database window 
and push the button, which will update the parameters in the part-files and 
thereby the assembly. Also the pictorial representation of the parts along 
with all the parameters can be included in this interface, which explains the 
user what he is going to modify. 

Using this application the idealization of the geometry has been achieved in 
quicker time. Since the tool is based on Knowledge Fusion, which is object 
oriented and follows ‘dependency-tracking’, the calculation and updating of 
the parameters in a particular component takes place without considering 
the other components. This makes it a more beneficial tool. Also the load 
path of the IMC component can be found out by combing this work with 
other two parallel works at Volvo Aero. So this work helps in the process 
of finding the load path for various load cases in lesser time.  
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9 Conclusion  

Knowledge Fusion, as a KBE application tool has been used to create and 
idealize the geometry in order to make the Finite Element Analysis process 
easier and faster. Because of its demand-driven and object-oriented 
features, it was found as an effective tool to build an application which 
creates various design configurations in quicker time. Also the user feeds 
the input through General Arrangement which is a user-friendly 
environment. From this application, it becomes possible to obtain various 
mid-shell design configurations from the solid definition in less time. Also 
the load path of the IMC component can be found out by combining this 
work with other two thesis works in the mean time. 
The simplified geometry created in this work is for the conceptual design 
phase. The detailed design requires better geometrical representation than 
what is involved here. But if the aerodynamic design requirements of all the 
components like struts and rings are given, this same application will be 
able to build the corresponding assembly. The components with all the aero 
and structural requirements will be used in the assembly in the detailed 
design case. 
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10 Discussion 

The benefit behind the usage of Knowledge Based Engineering in the 
conceptual design phase is to reduce the lead-time needed to design the 
components. As explained before, this procedure provides lot of 
advantages. The power of KBE will be realised when the model grows and 
becomes huge. The object oriented feature of KBE comes into play and 
gives a better control for the user over the model. Also by using KF, the 
user gets the access to the object tree (KF navigator), which explains all the 
modifications that the user have made in the code. Through this, the user 
can figure out any parameters which are non-reasonable based on the basic 
knowledge and would be able to do the necessary changes in the code. 
Though there are many advantages of using KBE as the design tool, there 
are few disadvantages as well. The user should be aware of the fact that 
while the model grows really big with lot of complex geometry, the user 
might loose the control over it and then it becomes very difficult to master. 
Another limitation of a KBE system is that it can not be used for all kinds 
of design activities. For example, the design activities which involves 
simple design configurations and which does not need many alternatives, 
KBE could not be an effective tool. An ordinary CAD/CAE system can 
fulfil these design requirements. 

Another drawback involved with KBE is the time it takes to generate new 
concepts. It usually takes time to obtain an initial design concept, from 
which other alternatives can be achieved in quick time. While building an 
initial concept, the time needed to incorporate the required knowledge into 
the system is comparatively huge compared with a CAD/CAE system. But, 
this drawback can be overseen when the user is able to achieve lot of design 
variations in no time. 

During the span of this thesis work, one other alternative way of building 
the IMC assembly have been tried. In this way, instead of building the 
assembly interactively, Knowledge Fusion was used to bring all the part-
files together to build the assembly. Based on the rules (knowledge), KF 
will decide the class, which in turn decides the part-file to be brought into 
the assembly. But due to the problems concerned with this procedure as 
discussed in this report, this method of using KF thoroughly to build the 
assembly has been turned out. 
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12 Appendices 

12.1 Appendix A 

This appendix explains the template used while writing the codes in 
Knowledge Fusion ‘class’. The XEmacs text editor has been used in order 
to write the codes. The extension for a KF class is “.dfa” which stands for 
Distributed File Acknowledgement. A short description of few basic things 
about the template and codes in KF has been given here. 
A class always starts with #! UG/KF 18.0    which is a header and should be 
there in all the classes. “Defclass” is the part which describes the name of 
the class with the information about the class that it is inherited from 
(within parentheses). The tag “Purpose” explains the objective of the class. 
It is added by the programmer in order to make the reader to understand the 
purpose of the class. Knowledge Fusion codes have been handled by CVS 
(Concurrent Versions System) in Volvo Aero Corporation. It provides all 
the information about the modifications that the users made in the code.  

The code has two types of parameters. They are public and private. Private 
parameters can only be used inside the present class, whereas the public 
properties can also be used in other classes as well, once sent down. Few 
basic details from the class that was used to obtain the various mid-shell 
configurations have been shown below. 

This is the font used to explain the meaning of the code. 
#! UG/KF 18.0 This is the header for every dfa-file. It must 
always be there. 

DefClass: Mid_Shell_CLASS (ug_base_part);    It defines the name 
of the class. It also describes what classes that are inherited (inside 
parenthesis) 

 # </H2><BR><TABLE><TR><TD valign="top"><img 
width=400 Height=400 
src="Documentation\Pictures\pic.bmp"></TD><TD><PRE> 

# Purpose:  The purpose of the class is to obtain various mid-shell 
design    configurations from the solid definition 

 # Created:  Loganathan Rajagopal 03 Jan 2004 
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 # Procedure: Describe the procedure to achieve the purpose 

 # Modified: CVS handles all the comments  

 #   $Log: 
Mid_Shell_CLASS.dfa,v $ 

 #   Revision 1.6  
2005/02/22 16:02:59  yy26415 

 #   Minor changes 

 #   Revision 1.4  
2005/02/18 17:27:51  yy26415 

 #   Revision 1.12  
2005/01/20 18:30:57  yy51319 

 #   uncached a few 
parameters 

 #   Revision 1.11  
2005/01/20 17:41:47  yy51319 

 #   control check on 
parameter added 

 #   Revision 1.10  
2005/01/20 16:11:27  yy51319 

 #   Change code 
structure 

 #   Revision 1.9 
2005/01/20 13:20:55  yy26415 

 #   minor changes 

 #   Revision 1.8  
2005/01/20 08:26:34  yy26415 

 #   Minor changes 

 #   Revision 1.7  
2005/01/19 15:20:56  yy26415 

 #   User Interface added 
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 ####### Public Properties ################ 
            # NOTE 1: All Public defined properties are output. 
 # NOTE 2: property-definitions being parameters are Input. 

(String parameter) Local_Path: find_env ("IMC");   This is a public 
parameter which finds the location of the “IMC” map in the 
respective directory. 

 (String parameter) Partfiles:       
 Local_Path:+"\Project\Design_Case\Mechanical_Analysis\Mi
d_Shell_Model\ 
 Partfiles\";               This is a public parameter, which finds 
the location of the  
 “partfile” map. 

(Vector parameter) TDC_Axis: vector (0,1,0); This is a parameter 
describes the vector direction for Top Dead Centre Axis, usually 
Y-Axis in Unigraphics coordinate system. 

#C Opens the GA Solid part file in order to get the parameters for 
the part files. /C      This is the comment line which starts with #C 
and ends with /C 

 (Number) Open_GA_Solid_Partfile:  
 ug_openpart (partfiles:+"imc_GA_input_vital_solid.prt");   
This pre-defined  
 function loads the unopened GA solid part file in the current 
session. 

(Number) Open_GA_Mid_Shell_Partfile:  
ug_openpart (Partfiles:+"imc_GA_input_vital_mid_shell.prt");  
This pre-defined function loads the unopened GA mid-shell part 
file in the current session. 
 
(String parameter) Type_Of_Bypass_Strut: "Aero";
 Describes the type of bypass strut to be used in the IMC 
assembly. 
 
(Number parameter) Number_Of_Bypass_Struts: 10; 
 Describes the number of bypass struts to be used. 
 
(Number parameter)  Set_Bypass_Expressions: 
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 ug_setExpressionValue_(Partfiles:+"imc_assy.prt" 
   ,"No_Of_Bypass_Struts" 
     
  ,stringvalue (Number_Of_Bypass_Struts:));
  
Describes the pre-defined function “ug_setExpressionValue_”, 
which sets the parameter value to the “Expression” value 
“No_Of_Bypass_Struts” in order to make changes. 
 
(String Parameter) Object_Name_Bypass_Strut:  
if Type_Of_Bypass_Strut: = "Symmetric"  
then "str_by_b"  
else "str_by_b"; Explains the name of the object name for the 
struts 
 
(String Parameter)   File_Name_Bypass_Strut:  
if Type_Of_Bypass_Strut: = "Symmetric"   
then Partfiles:+"Strut_Two_Sided_Bypass_Vital_Mid_Shell.prt"  
else Partfiles:+"Strut_Bypass_Leaned_Strut_Vital.prt";
 Explains the name of the object name for the struts. 
 
(Point) Edge_Front_Bottom_Point_Core: 
first(vac_sort_point_by_distance_to_point({Point_1_Front_Edge_C
ore:,Point_2_Front_Edge_Core:},point(0,0,0))); This is 
a private parameter which uses the user-defined function 
“vac_sort_point_by_distance_to_point” and find out the bottom 
point of the core strut. 
 
(Point)OR_Radius_1:ug_curve_askStartPoint(first(ug_refObjectBy
Name 
("OR_RAD_L", {ug_line}, 
Partfiles:+"imc_GA_input_vital_mid_shell.prt"))); 
This is a private parameter which asks for the start point of the 
“or_rad_l” from the GA mid-shell part file using the pre-defined 
function “ug_curve_askStartPoint”. 
 
(Point)OR_Radius_2:ug_curve_askEndPoint(first(ug_refObjectByN
ame("OR_RAD_L", {ug_line}, 
Partfiles:+"imc_GA_input_vital_mid_shell.prt”)));  
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This is a private parameter which asks for the end point of the 
“or_rad_l” from the GA mid-shell part file using the pre-defined 
function “ug_curve_askEndPoint”.  

(Number)Centre_To_Left_Flange_Length_Mid_Shell: 
 if(abs(localx(OR_Radius_1:)))=localx(OR_Radius_1:) 
then abs(localx(OR_Radius_2:)) 
elseif(abs(localx(OR_Radius_1:)))!=localx(OR_Radius_1:) 
       then abs(localx(OR_Radius_1:)) 
      else 280; 

It is a rule in KF which decides the length between TDC axis (central 
axis) and the left flange based on the local x coordinate value of the mid-
shell line. 

(Number)Set_Centre_to_Left_Flange_Length_OR_Mid_shell: 
ug_setExpressionValue_ (Mid_Shell_Part_File_Directory_OR: 
     
 ,"Centre_To_Left_Flange_Length"  
     
 ,stringvalue (Centre_To_Left_Flange_Length_Mid_Shell:));  

It sets the value of the parameter 
“Centre_To_Left_Flange_Length_Mid_Shell” to the expression 
“Centre_To_Left_Flange_Length” in the respective part file given by 
“Mid_Shell_Part_File_Directory_OR”. 

 

 

 

 

 



 

12.2 Appendix B 

This appendix explains about the individual component part files and their 
sketches. Figure 1 shows the sketch of the bypass strut which can be used 
to obtain various aero struts. As seen in the figure, it is possible to change 
the angles, leading & trailing radius of the struts, distance between the axis 
and the ends. The ability to change the angles in the sketch makes it 
possible to obtain aero struts. Once the rules have been defined in the KF, it 
becomes possible to change the parameters from the code, thereby update 
the parameters in the part file.  

 
Figure 1   Bypass Strut (Aero) sketch 

Figure 2 shows the outer ring spline type. The spline has been used to 
define the ring surface. The points can be read from an external text file or 
created interactively. Once revolved around the axial axis, the cylindrical 
rings are obtained. The outer ring also can be defined using lines. The front 
and rear flanges are referred by the straight line. The required constraints 
are added in the sketch so that various curves of the part file follow each 
other while the user tries to change the parameters. Figure 3 shows the 
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sketch of the splitter box ring. In this case, the rings have been defined 
using the lines. It can be referred by splines too.  

 

Figure 2    Outer Ring Spline type Sketch 

 

 

Figure 3    Splitter Box Ring Sketch 
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Figure 4    Support Structure Ring Sketch 

Figure 4 shows the sketch for the bearing support structure ring along with 
the cone in the front part. While extruded about the axial axis, the sketch 
yields in the cylindrical sheet body of the support structure ring. Figure 5 
shows the support structure. It has been defined using revolved lines. These 
support structures should always follow the base of the core struts always in 
order to make the load path inline with the core strut. Figure 6 shows an 
IMC assembly with 32 bypass struts and 16 core struts. This has been 
obtained by using “expression” values inside KF. 

 

Figure 5  Support Structure Sketch 
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Figure 6   IMC Assembly 

The IMC assembly shown in Figure 7 has been made up of outer ring spline 
type. Also in this assembly, the bypass struts have been swept 20 deg. from 
the vertical towards the axial direction. This has been achieved by making 
an angle between the plane in which the struts are created and the axial 
axis. Figure 8 shows an assembly with 30 core struts. In this assembly the 
bypass struts are leaned 30 deg. tangentially. 
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Figure 7 IMC Assembly with Spline OR and Swept Bypass Struts 
  

 

Figure 8  IMC Assembly with Leaned Bypass Struts 
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