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Abstract 
Concurrent Design Facility (CDF) is an effective and efficient manner to implement Concurrent 
Engineering methodology. In aerospace engineering education, CDF is invaluable to lecturers by 
enabling the entire student team to gain cross-discipline skills and at the same time stay at the cutting 
edge of technology. Establishment of CDF is always consuming much money on hardware and 
software. This paper presents a low cost CDF framework which is suitable for aerospace engineering 
education in class room based on cloud computing. An important aspect of CDF is collaboration 
between multidisciplinary specialists or virtual specialists in the environment of engineering education. 
Collaboration in CDF requirement some dedicated hardware or software to exchange file, manage 
knowledge, collaborative work on writing report, and even remote communicate with other work teams 
in traditional means. Emergence and development of cloud computing have made above-mentioned 
requirements become very easy to be fulfilled. Some public cloud computing servers can be used in 
CDF for education to save investment on hardware and software related to data, file, and information 
exchange. Other standard tools can be used to remotely communicate with work team at other 
location. This CDF framework has many benefits, include low cost on hardware, software and human, 
reduce preparation time, and easy to deploy in classroom education. 
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1 INTRODUCTION 
RMIT University started as the Working Men's College in June 1887, offering classes in technical, 
business and arts areas. Students gained applied skills relevant to various trades, including 
architectural and mechanical drawing, theoretical and applied mechanics, plumbing, carpentry and 
painting. The curriculum offered studies in arithmetic, algebra, bookkeeping, shorthand, physics, 
physiology and photography, leading to diploma qualifications. The association with practical and 
hands-on education has been with RMIT University since its inception and is now one of the key 
features since it became a university in 1992. From an encouraging intake of 600 students, RMIT 
University has grown to a global university of more than 70,000 students, including 21,000 
international students drawn from more than 100 countries. RMIT University offers programs of study 
in 17 schools across three academic colleges: Business, Design and Social Context and Science, 
Engineering and Health. 

Quite unique is that RMIT University is dual-sector educational institution, offering Higher Education 
degrees as well as Training And Further Education (TAFE) vocational and para-professional 
programmes. RMIT University has facilities across three main campuses in the Melbourne area, with 
the main campus in the central business district. It also has a fully-owned and operated campus in 
Vietnam. RMIT University started offering an aeronautical engineering program from 1938, resulting in 
1948 the creation of the Department of Civil and Aeronautical Engineering. In 1992, the Department of 
Aerospace Engineering was established and in 2003, the Department of Aerospace Engineering 
amalgamated with other departments in to the current School of Engineering. The annual intake of 
students in aerospace and aviation degrees is about 100, with the main source of students from 
graduates from secondary schools. 

Design, as the creative process to define the best possible solution to a requirement within boundaries 
of affordability, sustainability and social responsibility, incorporates most of the learning attributes that 
industry looks for in a new employee: the application of knowledge, understanding practical 
constraints, problem solving, being self-critical, team contribution, effective communication and 
working to a plan with milestones and deadlines. In the School of Engineering at RMIT University, a 
comprehensive design stream runs through all the year levels of the Bachelor of Aerospace 
Engineering programme: 
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Table 1.  Aerospace design courses sequence at RMIT University. 

Course/Year Theme 

Introduction to Aircraft (Yr 1) The Product and Its Environment 

Aerospace Design 1 (Yr 2) Design process/Design tools (CAD/CAE) 

Aerospace Design 2 (Yr 2) Manufacture and Production 

Systems Engineering (Yr 2) Requirements and Trade-offs 

Aerospace Design 3 (Yr 3) Multi-disciplinary Design 

Aerospace Design Project (Yr 4) 
Advanced Aerospace Design (Yr 4) 

Capstone Design Project 
Advanced Topics in Design (elective) 

The sequence of design courses builds up student awareness and skills from a level of overview and 
familiarisation of the aircraft, to the design process and environment, to component design, to 
configuration design and finally leading into a design project, demonstrating hands-on design 
application by emulating the real-world environment as closely as possible. The final year aircraft 
design project is based on a given Request for Proposal (RFP). Design teams are formed with 10 to 
12 students in each team. Each team appoints a project manager who has the specific responsibility 
to conduct the work planning, preparation of statement of work, task allocation, chair design meetings 
and generally ensures that the project is progressing. Each team is appointed a mentor who oversees 
the project and provides guidance and feedback where needed. Care is taken not to force a particular 
solution onto the team, but for the students to define their own solution, which they must substantiate 
and defend in front of their peers and academic staff. Each team must attend two formal reviews and 
give a final presentation. 

Students can choose from an RFP based on a fixed-wing, rotorcraft or spacecraft platform to give 
students a choice and to include variety. The design project runs over two courses, roughly following 
the conceptual and preliminary design phase respectively. Each course represents about 120 hours of 
work per student. The total number of design teams per year is about 10 to 12. The design teams are 
expected to submit a consolidated design report, but there are two individual components of 
assessment: the design portfolio and a peer assessment. The design portfolio is reflection of the 
individual technical contribution by each student to the overall project, while the peer assessment 
refers to student’s functioning as a member of the team. The reviews and final presentation are also 
assessed. Occasionally, a student team may wish to participate in one of the international student 
design competitions, e.g. sponsored by the American Institute for Aeronautics and Astronautics (AIAA) 
or the Airbus Fly Your Ideas. 

2 CONCURRENT DESIGN 
System engineering has the characteristics of art and science because good system engineering 
requires the creativity and knowledge of systems engineers, but it also requires systems management 
or the application of a systematic disciplined approach. The traditional design methodology is the 
sequential approach with specialists working ‘in series’, as shown in Fig. 1. The design passes 
successively from one technical domain specialist to another. Lack of communication can cause 
incorrect assumptions being made and the main system parameters are not monitored in real-time. 
This method reduces the opportunity to find interdisciplinary solutions and to monitor progress at a 
system level. An improved method is centralised design, where the various technical domain 
specialists provide subsystem design information and data to central team of one or more system 
engineers. Although there is central monitoring at the system level, this process is time consuming 
due to many iterations. Concurrent Engineering (CE) offers an alternative to the classical approach 
and it provides better performance by taking full advantage of modern information technology (IT). 
Experts from various disciplines are co-located and communicate in real-time and face to face. As a 
result of many disciplines being integrated in the design process, the concurrent approach has been 
proven particularly effective for complex systems design [1]. 

Concurrent Design Facility (CDF) is an environment allowing multidisciplinary experts to interact and 
collaborate on one design project.  This paper gives an overview of the background, history and status 
of CDF development. 
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Sequential Design 

 

Concurrent Engineering 

Figure 1. Concurrent Engineering vs. Sequential Engineering and Centralised Engineering [31]. 

Some successful applications of CDF in the field of aerospace are outlined. Key elements of a CDF, 
include process, multidisciplinary team, integrated data model, appropriate facility and software 
infrastructure, are summarized and discussed. Some other topics related to CDF, such as Integrated 
Design Tool, and Multidisciplinary Design Optimization (MDO), is clarified by distinguishing their 
characteristics with CDF. Since the interaction and collaboration among experts are a prominent 
aspect in CDF, the effect of personal behaviors and cultural aspects are also discussed. Applications 
of modern information systems enabled fundamental improvements to the system engineering 
process through the use of real time concurrent engineering. Many design teams have demonstrated 
savings in time and cost compared with the traditional process for systems conceptual design. Many 
industry and academic research institutes are developing and implementing their own CDF. It is 
obvious that more aerospace vehicle designs and flight mission assessments will be conducted in 
CDF and aerospace engineering education in the CDF environment will also be a trend in many 
universities. 

2.1 History and Status of Concurrent Design 
Some attempts on CE began in the 1980's in the field of aerospace and defense industry. The results 
of a survey on CE was presented in 1993 by the Integrated Process Laboratory at the Concurrent 
Engineering Research Center (CERC), which was established at West Virginia University in 1988 by 
Defense Advanced Research Projects Agency (DARPA) to promote CE in US industry. The results 
showed that the major impetus in moving to a CE environment was the promise of reduction in cost 
and the need to be competitive and improve product quality. This survey indicated that the most 
pressing need was to foster a teamwork environment [4]. 

The first CDF with full features, the Project Design Center (PDC), was opened by the Jet Propulsion 
Laboratory (JPL) in June of 1994 [5]. The PDC provides a facility, with multiple rooms, for design 
teams to use to conduct concurrent engineering sessions. The Aerospace Corporation had developed 
the process and the tools for CE almost at the same time and they had been successfully applied to 
several programs. Based on this experience, the JPL contracted the Aerospace Corporation to 
develop CEM processes and tools for PDC. The Concept Design Center (CDC) was developed by the 
Aerospace Corporation in 1997, to enhance support to its customers by providing a process for 
bringing together the conceptual design capabilities and experts [3]. In the European space industry, 
concurrent engineering was also applied to spacecraft and mission design from the beginning of the 
1990s. The first example is the Satellite Design Office (SDO) at DASA/Astrium, with the cooperation of 
the System Engineering (SE) group at the Technical University of Munich. An experimental design 
facility, Concurrent Design Facility (CDF), was established at the ESA Research and Technology 
Centre (ESTEC) at the end of 1998 and used to perform mission design. The CDF is in effect an 
Integrated Design Environment (IDE) based on the concurrent engineering methodology [6]. 

Up to now, more than 20 CDFs have been established around the world [3-29]. At ESA, concurrent 
design is primarily used to assess the technical, programmatic and financial feasibility of future space 
missions and new spacecraft concepts. It is also used for many other multi-disciplinary applications, 
such as payload instrument preliminary design, System of Systems (SoS) architectures, space 
exploration scenarios, etc. [30]. 
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Figure 2. Concurrent Design Facilities [5,6,23,31]. 

Applications of modern information systems enabled fundamental improvements to the system 
engineering process through the use of real time concurrent engineering. Metrics of the improvements 
in efficiency resulting from the use of the PDC at JPL have been developed in terms of reduction in 
lead time to prepare proposals and a significant decrease in cost per proposal [5].  

2.2 Concurrent Engineering Elements 
The key elements on which a CDF implementation is based are: a process, a multi-disciplinary team, 
an integrated design model, a facility and an infrastructure, as shown in Figure 3 [6]: 

 
Figure 3. Five Concurrent Engineering Key Elements [31]. 

2.2.1 Multi-Disciplinary Team 

Human resources are the most important and crucial element. A fundamental part of the CE approach 
is to create a highly motivated multi-disciplinary team. The challenge, the novelty of the method, the 
collective approach, the co-operative environment, the intense and focused effort and a clear and 
short term goal are all essential elements that contribute to personal motivation. To work together 
effectively, the team members have to use a new method of working, co-operate, perform design work 
and give answers in real-time, and contribute in a team spirit. For each discipline a ‘position’ is created 
within the facility and assigned to a domain expert. Each position is equipped with the necessary tools 
for design modeling, analysis and data exchange. The choice of disciplines involved depends on the 
level of detail required and on the specialisation of the available expertise. On the other hand, the 

Process Infrastructure 

Team 
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number of disciplines has to be limited, especially in the first experimental study, to avoid extended 
debate and to allow a fast turn-around of design iterations. 

2.2.2 Integrated Data Model 
The design process is ‘model-driven’ using information derived from the collection and integration of 
the tools used by each specialist. A parametric-model-based approach allows generic models of 
various mission/technological scenarios to be adapted for the study being performed. A parametric 
approach supports fast modification and analysis of new scenarios, which is essential for a real-time 
process. It establishes and fixes the ground rules of the design and formalizes the boundaries of 
responsibility of each domain. Once a specific model is established, it is used to refine the design and 
to introduce further levels of detail. Each model consists of an input, output, calculation and results 
area. The input and output areas are used to exchange parameters with the rest of the system (i.e. 
other internal and external tools and models). The calculation area contains equations and 
specification data for different technologies in order to perform the actual modeling process. The 
results area contains a summary of the numeric results of the specific design to be used for 
presentation during the design process and as part of the report at the end of the study. 

2.2.3 Appropriate Infrastructure 
The team of specialists meets in the Concurrent Design Facility (CDF) to conduct design sessions. 
The accommodation generally comprises a design room, a meeting room and project-support office 
space. The equipment location and the layout of the CDF are designed to facilitate the design 
process, the interaction, the co-operation and the involvement of the specialists. 

 
Figure 4. ESA Concurrent Design Facility Layout [32]. 

A typical CDF facility is equipped with computer workstations each dedicated to a technical discipline, 
as shown in Figure 4. A multimedia wall supports two or more large projector screens and can display 
each workstation, so that the specialists can present and compare design options or proposals and 
highlight any implications imposed on, or by, other domains. 

2.2.4 Software Tools 

An infrastructure to implement a CDF requires tools for the generation of the model, integration of the 
domain models with a means to propagate data between models in real time, a means to incorporate 
domain-specific tools for modeling and/or complex calculations, a documentation-support system, and 
storage capability. The infrastructure must allow its users to work remotely from other sites, and 
exchange information easily between the normal office working environment and the Facility 
environment. 
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Figure 5. Architecture of the Software Model [32]. 

The distribution of the model requires a mechanism to exchange relevant data between domains, as 
shown in Fig. 5. This can be done by preparing a shared workbook to integrate the data to be 
exchanged, with macros to handle the propagation of new data in a controlled way. In some specific 
cases it is more convenient not to use centralized data exchange, but rather to create a direct 
interface between those applications, such as the transfer of geometrical 3D data of spacecraft-
configuration to the simulation system. 

3 CONCURRENT DESIGN FACILITY IN EDUCATION 
CDFs established in research institutions and industries are mainly engaged in continuous product 
development. Design in an educational environment focuses mainly around Project Based Learning 
(PBL), but the key foundation elements are similar: team work, integrated design and review [33]. To 
better equip graduates with CDF knowledge and experience, the requirements need to be specified 
first. These include incorporating best practises from other established CDFs to develop the course 
structures/curriculums and promoting efficient collaboration with other established CDFs. These best 
practises include the facility infrastructure (workstations, multi-media wall, data storage and 
communications hardware, domain specific software and methodology, ie. process for efficiently 
coordinating the design activities in a CE environment [34]. Besides these, a workable CDF 
implementation would also need to include to a sufficient level of: 

• Study quality: A systematic design approach resulting in long term success. 

• Efficiency: ESA and other CDF operators report a reduction in assessment study costs by a 
factor of two and elapsed time by a factor of four. 

• Fostering collaboration: Teams of specialists from different organisations and countries can 
start working together on real projects quickly, build collaborations and profit from each other's 
strengths. 

• Stimulation of new scientific and business initiatives: to refine, elaborate and assess from 
scientific, technical and business points-of-view in new ideas and concepts, and take them to 
the next level of maturity. 

Lecturers and students also face other challenges such as: steep learning curve for students, project 
synchronization with academic schedules and students’ team changes and variation in student group 
size for each project [35]. A simplified CDF architecture could be derived from the planned course 
structure/curriculum and incorporate best practises from others established CDFs. 

A good starting point is to consider the activities in space education at the Technical University of 
Madrid (UPM), in collaboration with Spanish User Support and Operations Centre (E-USOC), the 
centre assigned by ESA to support the operations of scientific experiments on board the International 
Space Station. These activities are part of their final year aerospace engineering degree. Students 
validate and integrate microsatellite subsystems using demonstrator satellites in parallel. They 
participate in a Project Based Learning (PBL) and work in groups to develop a conceptual space 
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mission design. Students are organised in groups of 6–7 and each student takes a subsystem design 
role: project manager, mission analysis engineer, mechanical engineer, electrical engineer, propulsion 
engineer, orbit and attitude control engineer and payload engineer. Students were also required to 
integrate and validate subsystems: power, data handling, communications, attitude control and 
thermal control [36]. 

Another important aspect of a CDF for design education and research is collaboration between teams, 
regardless of their physical location.  In this respect, cloud computing has recently emerged as a new 
paradigm for hosting and delivering services over the internet. It allows sharing of software, data and 
services over internet from any location [37]. Researchers define cloud computing as “a style of 
computing where massively scalable IT-enabled capabilities are delivered ‘as a service’ to external 
customers using Internet technologies.” [38]. Cloud computing is also considered among the top 10 
most important technologies [39]. Researchers estimated that 12% of software market will move 
toward cloud computing from 2011 to 2016 and the amount growth of cloud computing market will 
reach $95 billion [40]. 

In summary, a simplified CDF architecture for design education and research could have the following 
considerations: 

• Domains disciplines (design process) adopted by UPM, ISU and ESA 

• Emerging new paradigm in cloud computing 

• Variation and limitation in student group size and duration for each study (i.e. limitation in 
time/curriculum to duplicate a full set of domain disciplines as in ESA) 

• CDF in research institutions and industries engaged mainly in continuous product 
developments, but educational environments focus mainly on Project Based Learning (PBL) 
training process [36]. 

 
 

Figure 6. CDF Architecture for Design Education and Research (adapted from ESA and ISU). 

In this light, the proposed CDF, as shown in Figure 6, may consists 7 to 10 domain disciplines such as 
Team Lead/System Engineer, Systems, Cost, Mission, Propulsion, Attitude Determination & 
Control/Simulation, Communications, Structures, Thermal, Power and Payload (project dependent) 
and linked to the central data exchange system (DES) servers. This is similar to ISU CDF which was 
based on the architecture employed at ESA [6, 23, 43]. The Domain model design status could be 
consolidated from DES by the CDF design process workbooks for progress reporting (input, output, 
calculation and result) [6]. The design process is ‘Model-Driven’ using data derived from the collection 
and integration of the tools used by each specialist for his/her domain. During in-session discussions, 
sub-system and system model data could be displayed on video wall for the entire team. Offsite 
collaborations is through cloud computing methods and Virtual Private Network [41]. Generic 
hardware can be implemented with a combination of domain specific and general software [43]. 
Commercial software is implemented where appropriate and to reduce cost [36]. 

A typical CDF arrangement for engineering education and research is shown in Figure 2.  It may 
consist of up to 10 domain disciplines, made up of 9 high-end personal computers (PC) and 1 
workstation (WS) for simulation. These PCs and WS are connected through a Local Area Network 
(LAN) and Data Exchange Server (DES) and each has a suitable sets of domain-specific software 
tools, typically commercial or in-house developed software for executing various domain discipline 
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workloads, for example for satellite design: Team leader/Chief Design Engineer, Cost, Thermal, 
Power, Communications, Missions, Propulsion, Attitude Determination & Control and Simulation, 
Structure and Payload. 

Data, including CAD models, graphs, tables, CFD/FEM results, etc., is presented on a media wall that 
consists of a number of monitors with each displaying different domain information. Computers are 
laid out in a U-shape configuration to enable efficient interaction between specialists/team leader and 
for viewing the media wall. There are also 4 PC in the centre of the room, including a conference table 
for customers and ad-hoc experts to sit in for in-sessions discussions. Each domain discipline PC/WS 
is linked to the Data Exchange Server (DES) where data (input/output of specific model). Team 
leader/chief design engineer can create status reports using workbooks consolidating all domain 
model data kept in the DES to calculate and produce the results for further analysis and progress 
reporting. Collaboration with specialists in other physical locations is through the Gateway using VPN 
or Cloud methods. 

There are also two main tangible benefits to this proposed simplified CDF as follows: 

• Students are expected to gain improved technical training and transversal skills through 
methodology similar to the PBL methodology (learning model based on project) as at UPM due 
to its encouraging results [36].  Universities planning to setup such a CDF could carry out 
surveys just before and after their CDF implementation to evaluate the effect of PBL in CDF 
environment. 

• Addressing worldwide shortage of aerospace and aviation engineers (CDF trained) mainly due 
to growth in aerospace & defence, and general aviation industries in North America  [44, 45]. 

4 CONCLUSIONS 
The development of CDF has a history of near 20 years from the first facility PDC was opened in 
1994. Up to now, more than 20 CDFs have been established around the world and they have been 
implemented to design of aircraft, aerospace vehicle and space mission. Applications of modern 
information systems enabled fundamental improvements to the system engineering process through 
the use of real time concurrent engineering. Many design teams have demonstrated dramatic savings 
in time and money compared with the traditional process for systems conceptual design. CDF is 
effective and efficient has been proven by design cases and experiences of research team which 
apply CDF in their work. 

CDF will continually develop in the future and more and more aircrafts, aerospace vehicles and space 
missions will be designed, simulated and evaluated under it. Aerospace engineering education also 
needs to transform student training pattern, so as to adapt the new requirements in industry. CDF is 
effective and efficient has been proven by design cases and experiences of many research teams in 
past twenty years. Some universities have also established their own CDF for academic research and 
aerospace engineering education. Essential requirements of a general CDF are analyzed by 
comparing collaborative engineering environments that are reported in the literature with respect to 
three specific aspects: software, hardware, and peopleware configurations. This simple and low cost 
CDF framework is adaptable to be implemented in classroom education of aerospace engineering. 
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