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Introduction
In 1996 the Faculty of Aerospace Engineering, Delft University of
Technology, restructured itself into several vertical and two horizontal groups.
The vertical group contained the traditional disciplines of the aeronautical study,
which include aerodynamics, performance, control and simulation, aircraft
technology based management, structures and computational mechanics,
production technology, aircraft materials and finally astrodynamics and satellite
systems, see figure 1. The idea of horizontal groups over these vertical groups
was to integrate the knowledge and crafts of these vertical chairs, focusing on
the objects the faculty is based upon: aircraft and spacecraft.
The Design of Aircraft and Rotorcraft (DAR), former System Integration
Aircraft (SIA), has responsibilities with respect to education, research and
management within the faculty just like any vertical chair. The specialization in
the vertical chairs led to very competent, but narrow science and knowledge
areas. In contrast to that the DAR chair is focused towards to aircraft system
design as a whole and particularly towards the multidisciplinary design
optimization (MDO). For this purpose many of the masters and PhD researchers
of this chair are working on the development of MDO based computer tool, called
as Design Engineering Engine (DEE).
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Figure 1 Vertical and horizontal chairs in the matrix structure of the
Faculty of Aerospace Engineering

Future Challenges in Aerospace Industry
In the strategic research agenda of ACARE, the Advisory Council for
Aeronautics Research in Europe, the challenge for the aerospace world is
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outlined, Figure 2. Air transport is reaching the end of the second S-curve as far
as improvement in performance is concerned. The demand for air transport,
however, is expected to grow considerably in the coming decades. To make this
growth sustainable new solutions will have to be created. It is not yet clear which
technology can enable such a substantial growth and an entry into the Age of
Sustainable Growth, the third S-curve.
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Figure 2 The Development of Air Transport according to ACARE

Second but a major challenge is the dawning scarcity of engineers. For
aerospace engineering this problem is worsened by the reduction of experience
of each engineer as such, Figure 3, due to the combination of the reduction in
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Figure 3 Reduction of available experience, ref.2.

number of aircraft development programs and the increase in complexity and
duration of each new program. As a consequence and as a challenge less
people will have to do more in the future. This leads to the conclusion that our
future engineers should be much more productive. Drucker1 has expressed this
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need in many of his more recent publications. The increase of productivity of
laborers through mechanization and automation has lead to extremely affordable
and accessible technology in sectors of mass production. This success, however,
is not transferable to low volume production sectors. There, the cost of the
design and engineering effort is the major determining factor for accessibility and
also a major limiter for progress because of the irreversible effects of project
shutdown on the sustainability of companies. It is a major challenge to the
engineering world to find a way to improve its productivity considerably. One
should think about a required twofold increase in this respect as a first step.
Results of knowledge application
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Figure 4 Fulfilling the knowledge demand by productivity enhancement and
improved knowledge reuse and transfer.

The effect of productivity enhancement and enabling of knowledge re-use
on the availability of knowledge is sketched in Figure 4.

Productivity Enhancement
It was long believed that the information technology would automatically
increase our productivity. For sure, IT has increased productivity when measured
in the amount of generated information per person. However, the possibilities to
generate information with the IT tools led to an increase in demand of information
e.g. from airworthiness authorities. This effectively led to a decrease in
productivity when measured in number of engineering hours required per aircraft
program.
IT does allow us to create more and more data on our proposed designs
and create different views on our activities in an early stage of the development.
However, IT has not been able to significantly cut cost or development time.
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Drucker1 claims that the real increase will only come if we shift our attention from
the technology part of IT towards the information part of IT. We should use IT to
clearly record, manage and re-use existing knowledge and to support knowledge
enhancement. Current IT systems have mainly created knowledge requirements
to keep the IT system running and to manage all our new analysis tools without
delivering a real contribution to the areas mentioned earlier.
It is our strong feeling that proper use of existing IT tools and development
of proper IT tools for recording, managing and re-using existing knowledge and
to support knowledge enhancement, is the first step to enable real progress in
the field of aircraft and spacecraft design. The future can be based on existing
knowledge of very rich past. Many aircraft configurations have been invented of
which only a few have been elaborated for practical use see figure 5.
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Figure 5 Future concepts from the past?

Knowledge Based Engineering
The focus on knowledge as the basis of our engineering activities is better
known as Knowledge Based Engineering (KBE). This will be the main subject of
6
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the remaining part of this report. It will be shown how KBE can help us face the
challenges mentioned earlier. The KBE technology helps to structure and record
knowledge in such a way that (engineering) knowledge becomes reusable,
transferable and expandable. The reuse and ease of extending of knowledge will
help to meet the increasing knowledge demand. In effect it will enable the
required productivity enhancement and will bring a new challenge to young
people.
At many stages design tools are supporting the design process. To make
a categorisation of these tools possible in the context of this lecture, it is first
important to define the basic steps of the design process, Figure 6.
Function
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Concept
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Analysis
Properties
Evaluation
Values
Selection
Acceptable solutions

Trade-off

Design

Figure 6 The Basic Design Cycle

For each of these steps tools are being developed and used. The tools
can have different appearances; they can be methods and data presented in
sheets or handbooks; they can be software for recording and analysis like CAD
programs and CFD software; they can also be humans being consulted.
Each tool is a kind of substantiation of design supporting knowledge. All
tools together, added to the knowledge and craftsmanship of the designer;
complete the knowledge base for the design work. In this context designer
should be read as design team. What in a modern context is called a
multidisciplinary or integrated design team can be as small as one person but
also as large as thousands of people.
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Knowledge based engineering is the science of identifying, recording and
re-using engineering knowledge. By combining proper methodologies and IT
tools, engineering knowledge can be recorded in re-usable rules in addition to

Figure 7 The traditional design process

data. These rules can be applied to different sets of data to generate new
instantiations of the knowledge in new products. A comparison between the
traditional design process and the knowledge based engineering design process
can be made with the help of Figures 7 and 8.
In this way families of products can be defined in rules, and family
members can be generated automatically based on an input data set. Many
examples of this way of working are available now for more or less complicated

Figure 8 The Design process with knowledge based engineering
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products. In the aerospace industry the KBE applications are generated inside
the integrator companies and used by these companies and their subcontractors
for detail engineering purposes. This way of working has already proven itself to
be cost-effective and to result in considerable lead time reduction. However, this
way of working does not yet help the freeing of intellectual resources for
improved creativity. It mainly automates repetitive activities in the detailengineering phase by very useful cost reduction, which eliminates the need for
the western world to search for low cost engineering capability in low-cost
countries.

CAD vs. High Level Primitives
The CAD system is the most widely applied tool in the synthesis phase of
the design process. CAD systems are generic tools that can be used to create a
geometric model of the design and perform some basic engineering analysis on
it.
Current generations of CAD systems are mainly feature based, which
means that they have a standard set of parameterized primitives that can be
tuned and combined to represent a design. The knowledge recording capability
and related learning capability of these systems are very limited. Their simple
primitives are the main limitation in that respect. Feature based modelling is a
nice technique in the detail design phase that can be coupled very successfully
with earlier discussed KBE principles. However, on a higher abstract level the
feature based approach is too primitive to capture the knowledge behind complex
products. For a CAD program an aircraft wing will always be a set of surfaces
and solids, never, for instance, a lift generating object compiled of different wing
sections with leading and trailing edge devices and an internal structural concept.
However, if one looks at the work of the conceptual aircraft designer, it is this
global modeling approach that he is looking for, not a primitive feature based
approach. When the conceptual designer wants a geometric representation of his
ideas he would like his knowledge based engineering design environment to
create this geometric model and generate the corresponding CAD drawings.
The conceptual designer wants to be able to compare different solutions
of a design problem in a fair trade-off. He can do this by integrating high level
elementary solutions to global solutions and have their properties evaluated in a
flexible way. Progress in aerospace will be based on new concepts and new
configurations. These new concepts and configurations can only be applied if
properties can be predicted in a cost-effective way in order to reduce the risk of
failure. Development costs are so high that single project failure can be
disastrous for company sustainability. To facilitate the conceptual designer a
KBE system should supply high level primitives (HLP), like wing trunks, fuselage
sections, power plant sections and landing gear sections, Figures 9. In addition, it
should be easy to train the system or a system operator to add knowledge, in this
case new high level primitives that are representing the newly created knowledge
in the design process.
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HLPs can be combined to represent the solution proposed by the
designer. Combined primitives can be analysed to find the properties of a
proposed solution. These properties can be compared to the requirements and, if
necessary, the instantiation of the high level primitives can be adjusted to follow
the designer’s thoughts of improvements.

Figure 9 CAD Primitives vs. High Level Primitives

Design and Engineering Engine (DEE)
High level primitives can be combined to represent the solution proposed
by the designer. Combined primitives can be analysed to find the properties of a
proposed solution. These properties can be compared to the requirements and, if
necessary, the instantiation of the high level primitives can be adjusted to follow
the designer’s thoughts of improvements.
In this way a design support tool is created that can free the mind and time
of creative designers to work on new paradigms. This design tool can be referred
to as a Computational Design Engine2 or as a Design and Engineering Engine,
(DEE). Their basic skeleton is shown in figure 10. It should be clearly noted that
DEE’s are used to support the designer in manipulating his ideas by modelling
and analysis, not to take over the creative function of the designer.
The concept of the DEE’s is based on different developments in the field
of management and IT. The management world provided the idea of family
thinking as a concept to re-use production knowledge and equipment for larger
product volumes. By identifying family similarities in different products and using
flexible production units, the scale effect can be used for production cost
reduction. IT is creating tools, programming environments based on artificial
10
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intelligence principles that allow for the recording of the engineering intent behind
a product design in rules. The rules combined with a proper set of data, can
generate a family of products. Using the principle of object oriented thinking and
programming3; high-level primitives can be created in a generic programming
environment to produce a specialized design support environment.
The DEE itself can be seen as a high level object itself. It defines different
methods (e.g. analysis tools) that can be applied to a specific class of objects.
The class we want to work with on the conceptual aircraft design level is the
aircraft. An instantiation of this class is build up of different high level primitives.
This compilation of primitives results in a product tree, the basic knowledge
carrier of the design. The methods to be applied on the class of products can be
internal and external methods. The currently available IT tools allow for
programming of different tools inside the product tree. However, most users on
this level would like to use the commercial tools available on the market like FEpackages, costs analysis tools and CFD tools. The DEE should supply
transparent bi-directional interfaces to these tools. In this way external methods
are created to complete the class under consideration. These interfaces form one
of the key issues for development of DEE.

Figure 10 Design and Engineering Engine (DEE)

As represented in Figure 10, the DEE system consists of a set of
interconnected toolboxes, either COTS or proprietary software modules, with the
final goal of automating, as far as possible, multidisciplinary design and
optimisation of aircraft configurations. In an object-oriented perspective, the
whole DEE system can be interpreted as a class, where the various toolboxes
represent the various methods to perform conceptual and preliminary design of
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aircraft. In order to participate to the DEE the various toolboxes must be able to
operate as stand-alone modules and be accessible via a clear input/output
interface. In this way, they can be easily plugged in and out, endowing the DEE
design system with a high level of flexibility and maintainability.
The MMG represents the core unit of the DEE. The other main
components are the Initiator, the Converger&Evaluator, the communication
framework system and the given set of discipline specific analysis tools. The
Initiator is a preliminary sizing software tool in charge to initialize the parameters
contained in the MMG input file. The Converger&Evaluator toolbox makes sure
the convergence of a given analysis process is reached and check if the
calculated specifications of the aircraft meet the requirements; when necessary it
will trigger some design iterations. The role of the communication framework is to
enable the data and information exchange between the various DEE modules of
control their execution during the overall design process.
In order to present the actual state of development of the DEE, a number
of publications has been collected and included in the next section of this
document. These publications are a selection of work presented at leading
conferences or published in journals. Some of these papers address the general
concept of DEE and its proposed application, others focus on specific DEE
components/modules and others present some validation and study cases. A
graphical index is provided to redirect the reader to the specific publication of
interest. This consists of a DEE illustration, as the one in Figure 10, where a
series of tags has been attached to the various DEE components to indicate the
index number of the related papers.

Next steps: exploitation of the DEE concept in the
automotive and wind energy field
Using the analogy of the development of DEE for aircraft design; recently
the DAR group has started working on the development of knowledge based
frameworks for projects in wind energy and automotive sector.
In automotive sector, the scope of the project is to develop an innovative
methodology aimed at integrating engineering, materials and new processing
concepts for small and medium enterprises (SMEs) working in the European
automotive industry. The target will be to condense the whole process time from
“product concept” to industrialization to 50%, by cutting the repetitive activities,
reducing the number of prototypes and easing the introduction of last minutes
changes in the product configuration. The particular team of researchers working
on this project is working on the development of an Integrated Design and
Engineering Environment (IDEE), based on KBE, to facilitate the integration of
functions, processes and materials in a single industrial process. The IDDE will
be a software communication framework, enabling the communication/integration
of the various CAD/CAE tools in use by the participating SMEs and the KBE
applications, which will be developed to support the design of a car component
with relative moulds and tooling.
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In wind energy sector, a project named UpWind is being started with the
collaboration of 39 different European universities and public/private
organizations. The basic aim is to integrate the knowledge of all the European
stakeholders working on renewable energy resources. It includes the integration
of specific design methods, new materials, components and concepts and lastly
the integration of scientific results and their technical solutions. The future
strategy is drawn for the design of large wind turbines of powers 8-10 MW. The
DAR group is working on the development of the platform for the integrated
aerodynamics and aeroelastic design as well as a multimodel generator for the
next-generation large wind turbines.
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