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Abstract 

Aircraft vehicle systems enable an aircraft to fly safely throughout a mission. Generating feasible vehicle 

system architectures at the aircraft concept design phase is complex. Aspects from various complex systems 

theories are used to provide different insights into this complexity. To address this complexity, a framework 

based on industrial reality that can used recursively is presented. The framework employs various design 

theories to harness the complexity of vehicle system design at the concept design phase of an aircraft. 
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1. Introduction 
Aircraft vehicle systems are the systems that enable the aircraft to fly safely throughout a mission. 

Typically, they are the systems that transfer energy to other systems, equipment, and subassemblies in 

the aircraft (Steinkellner, 2011). Generally, vehicle systems that are common to most types of engine-

powered aircraft include the engine, environmental control system (ECS), fuel system, electrical power 

system, actuation system, and landing and braking systems. 

In this paper, the life cycle of an aircraft is defined by the generic life cycle model (ISO/IEC/IEEE 

15288:2015) described in INCOSE (2015). Using this model, vehicle system design would typically 

commence at the aircraft development stage rather than at the aircraft concept stage. This paper proposes 

that vehicle system design be introduced at the aircraft concept stage because the function, performance, 

weight, and volume of vehicle systems impact those of the aircraft. 

Vehicle system designers would be tasked with generating vehicle system concepts at the aircraft 

concept stage. Vehicle system concepts result in vehicle system architectures. The definition of a 

concept by Crawley et al. (2015) is adopted in this paper. Crawley et al. (2015) defined a concept as a 

notional mapping between function (what the system or product does) and instruments of form (what 

the system or product is). In this paper, an architecture is defined as a pictorial representation of the 

relationships between the forms and operands (the thing that the function changes). To avoid generating 

unfeasible architectures, the vehicle system designer must understand how the system fits into the 

aircraft it is being designed for. 

Aircraft are complex systems. Depending on the aircraft type and the missions the aircraft is being 

designed to perform there are various factors that significantly affect vehicle system design. However, 

these factors may not be clearly defined at the concept phase of an aircraft. This makes the process for 

generating feasible vehicle system architectures while trying to account for these factors more 

cumbersome. Firstly, various complex systems theories are considered in this paper to understand these 

factors. Aspects from complex products and systems (CoPS) theory by Davies and Hobday (2005) are 

used to understand the role of an aircraft vehicle system designer at an aircraft original equipment 
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manufacturer (OEM) that designs and builds aircraft. Aspects of normal accident theory by Perrow 

(1984) and system architecture theory by Crawley et al. (2015) are used to identify the factors that 

significantly influence the design choices for a vehicle system architecture. Secondly, aspects from 

axiomatic design theory, feature modelling method, design structure matrix (DSM) method, and the 

systems thinking approach are used to create a framework in this paper. The framework presented 

enables feasible vehicle system architecture generation by accounting for the factors that significantly 

affect vehicle system design but may not be clearly defined at the aircraft concept phase. 

2. The role of a vehicle system designer at the concept design phase 
of an aircraft 

To comprehend how to generate and analyse a vehicle system architecture for an aircraft, firstly the role 

of a vehicle system designer at an OEM that produces complex systems and products such aircraft must 

be understood. OEMs that produce complex systems and products are often system integrators. While 

system integration began as a technical, operations task in the US military in the late 1940s, nowadays 

it is a strategic business capability that plays a central role in the management of several high-technology 

projects. The significance of system integration increases as the complexity, technology, and cost of the 

product increases (Davies and Hobday, 2005). 

Systems integration capability and performance at the strategic level can be rewarding to all prime 

contractors and final integrators of high-technology products, systems, networks and constructs as well 

as the suppliers of major components, control units and subsystems (Davies and Hobday, 2005). In 

CoPS theory, Davies and Hobday (2005) noted that system integration at the technological level is the 

underlying capability that enables new product development and market capability. Prencipe (1997) 

demonstrated using aircraft engines as a study case that the development of a product within a given 

technological family requires static (intra-generation) technological capabilities. However, even more 

significant to long-term competitive advantage is the dynamic (inter-generation) capabilities that are 

needed to envision and produce new product architectures and new product families (Davies and 

Hobday, 2005). 

System integration capability is evident at an aircraft OEM. The inter-generational capability of Saab 

has resulted in the company producing five families of fighter jet aircraft over the last eighty years. The 

Gripen E/F are the latest versions in the latest fighter jet family at Saab, the Gripen family of fighter 

aircraft. The development of the first versions of the Gripen, namely A/B, commenced in the early 

1980s. Due to the intra-generational and inter-generational capabilities at Saab, the general airframe 

configuration of the Gripen E/F is like its predecessors within the Gripen family, but the engine, most 

of the other systems, and the airframe structure have been updated. 

When developing an aircraft, there is a transformation in the systems integration capability of the aircraft 

OEM. The OEM removes itself from detailed involvement in component design and manufacturing and 

focuses more on system integration of various modules produced by others in the supply chain (Davies 

and Hobday, 2005). The role of an aircraft vehicle system designer aligns with this integration 

capability. Aircraft OEMs typically do not design in detail and manufacture the components and 

equipment contained in aircraft vehicle systems; they instead outsource these tasks to subsystem 

suppliers. One of the specific functions of a vehicle system designer at the concept design phase entails 

formulating a set of overall specifications that represent the performance of the vehicle system and its 

interactions with other systems. For some vehicle systems, the OEM might purchase the system 

commercial of the shelf (COTS) from a supplier based on specifications. In other cases, the OEM might 

design the architecture of a vehicle system and contract a subsystem supplier to manufacture it. The 

greatest challenge an aircraft vehicle system designer faces at the concept phase of an aircraft is ensuring 

that the vehicle system architecture has been appropriately designed to be integrated into the aircraft. 

3. An aircraft vehicle system: a system within a complex system 
The distinction between complex and complicated systems is considered in this paper. In this paper, the 

definitions by Crawley et al. (2015) are considered. Apparent complexity is akin to the level of 

complicatedness of a system. The term ‘complicated’ can be used as a measure of human ability to 

https://doi.org/10.1017/pds.2022.187 Published online by Cambridge University Press

https://doi.org/10.1017/pds.2022.187


SYSTEMS ENGINEERING AND DESIGN 1847 

perceive and comprehend complexity. If a system is complicated, then it has high apparent complexity 

and complicated systems are hard for humans to comprehend (Crawley et al., 2015). Using this notion, 

an aircraft vehicle system designer would find it far less complicated to analyse the architecture of a 

vehicle system as a standalone system than to analyse it when it is integrated in the aircraft.  However, 

the former is rarely ever the case. 

To understand integration and ‘interconnectedness’ within a complex system such as an aircraft, the 

concepts, complex interactions and tight couplings, coined by Perrow (1984) are applicable. These two 

concepts are discussed below in the context of aircraft vehicle systems. 

Complex interactions and tight couplings are inherent to aircraft, and they play a significant role in the 

design choices for aircraft vehicle systems. However, the interactions and couplings affecting design 

choices may not be defined at the concept stage of an aircraft. If they are not defined, then it makes it 

difficult for the vehicle system designer to generate feasible architectures for the vehicle system of 

interest. 

Regarding the concept of complex interactions, aircraft consist of many interconnected subsystems that 

interact with each other to perform various functions. This leads to many connections between 

components within a subsystem as well as connections between different subsystems. At the aircraft 

concept stage, the connections between a vehicle system and other subsystems may be unclear. The 

undefined connections between a vehicle system and other subsystems pose one of the greatest 

challenges to a vehicle system designer at the concept design phase of an aircraft. Therefore, at the 

aircraft concept stage, what a vehicle system is dependent on and what depends on the system may not 

be defined. If they are not defined, then the possible interactions between subsystems cannot be 

comprehended. 

At the aircraft concept stage, the internal configuration of the aircraft may not be clearly defined either. 

Therefore, the equipment and systems in the vicinity of a vehicle system in the aircraft may not be 

clearly known. The designer is unable to predict the effects the surrounding equipment and systems 

might have on the vehicle system. Spatial hazard analyses are used to assess the effect(s) a system or 

equipment has on other systems or equipment when they are physically configured near each other in 

the aircraft. If the internal configuration is changing or not clearly defined, the vehicle system designer 

requires a method to note the changes. 

Regarding the concept of tight couplings, there are many tight couplings between a vehicle system and 

the system(s) it depends on or between the vehicle system and the subsystems that depend on it. If a 

vehicle system such as the ECS depends on the engine for bleed air supply, then what are the 

redundancies in place if the bleed air supply system fails? If a subsystem depends on the electrical power 

system what are the redundancies in place if the power system fails? System hazard analyses are 

conducted to assess the risk of a system or equipment failing in the aircraft. With a vague picture of the 

interconnectedness of the vehicle system with other subsystems, the vehicle system designer has to 

design the appropriate redundancies or buffers for safety in case of a failure. However, the systems 

dependent on a vehicle system or those that the vehicle system depends on might change (in some 

projects multiple times) during the concept phase of an aircraft. Therefore, the vehicle system designer 

requires a method to keep track of the subsystems that the vehicle system depends on and those that it 

provides to. 

4. Innovation in integration: systems engineering for complex 
systems 

Assembly is physically putting entities together while integration is the process of understanding what 

entities should be put together and how entities should be put together. At an aircraft OEM, integration 

is the process of coordinating various subsystems, subassemblies, and processes to make them work 

together in the final product. Integration of various entities into a complex system must be conducted in 

an organised manner to account for all changes that the complex system might be sensitive to. This is 

where a systems engineering approach is useful. 

At the onset of the Cold War, the complexity and ambition of military systems were increasing in the 

US military. This weakened the traditional single-discipline, linear approach to system development 

that entailed making one part of the system, then the next, and so on. In turn, this gave rise to the systems 
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engineering-integration approach that provided a systematic, multi-disciplinary approach to systems 

development which was concurrent and not sequential (Davies and Hobday, 2005). 

One approach to developing complex systems is the integration-driven development approach described 

in Taxén and Pettersson (2010). Parallel incremental development of a complex system like an aircraft 

could employ the delta (Δ) anatomies approach shown on the left-hand side of (Figure 1). The anatomy 

shows all currently planned system changes (Δ) and their dependencies. The dependencies constrain the 

order in which changes can be done and determine the possible level of parallelism. Therefore, as shown 

in (Figure 1), ΔC can only be integrated and tested after ΔA and ΔB are integrated. In integration-driven 

development, interfaces are very important, and they should be established as early as possible for large 

projects, with several teams working in parallel. 

The systems engineering approach lets engineers break down a system into smaller, manageable 

subsystems, assemblies and subassemblies while simultaneously developing interface specifications for 

each component before they are constructed. This approach provides engineers with flexibility in system 

development by reducing subsystem interactions and (unanticipated) emergent behaviour that adversely 

affects the design and final functioning of the system (Davies and Hobday, 2005). 

The implication of several design changes is reduced with the systems engineering approach since it 

allows engineers to freeze the system design at the most appropriate point (Davies and Hobday, 2005). 

The right-hand side of (Figure 1) is an illustration of the systems engineering approach employed in the 

development of an aircraft at Saab. Development of each Δ by a different subsystem or subassembly 

team is concurrently conducted and fed into the overall system development as indicated by the black 

arrows. At each system version in (Figure 1), relevant feedback (indicated with the blue arrows) from 

the overall system is provided to a team(s) responsible for a particular subsystem or subassembly. The 

information exchange during this parallel incremental development process helps reduce the number of 

unknown interactions as well as the unanticipated, undesirable emergent behaviour as the system is 

integrated. 

This integration-driven approach is appropriate at the detailed development phase of an aircraft when 

the specifications and configuration of the complete airframe is defined. However, as established in 

§3, the factors that drive the design choices for a vehicle system architecture may not be defined at 

the aircraft concept stage. But the chosen vehicle system architecture must still be feasible for the 

aircraft it is being designed for. With system integration being a key capability of an aircraft OEM, 

the focus for sustained development at an OEM would be innovation in integration even at the aircraft 

concept stage. 

 
Figure 1. An illustration of the integration-driven development approach adapted from Taxén 

and Pettersson (2010) 
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5. A framework for harnessing the complexity for vehicle system 
design at the concept design phase of an aircraft 

A framework for harnessing the complexity for vehicle system design at the concept design phase of 

an aircraft is proposed in this section. The framework proposed is based on industry experiences of 

an aircraft OEM. The ECS of a manned fighter aircraft is used as a case study to present this 

framework. 

The framework employs aspects from axiomatic design theory presented in Suh (2001) and Suh (2007), 

DSM method described in Browning (2001) and Eppinger and Browning (2012), feature modelling 

method described in Meinicke et al. (2017) and Kang et al. (1990), and the systems thinking approach 

presented in Crawley et al. (2015). 

The framework consists of eight steps presented in §5.1 to §5.8 in the same sequence that they need to 

be carried out in order to generate feasible vehicle system architectures. The framework can be used 

recursively to account for the factors that significantly affect vehicle system design but might change 

during the concept phase of an aircraft. 

5.1. Defining the vehicle system attributes using axiomatic design theory 

The first step in the framework is to define the attributes for the vehicle system in the stakeholder 

domain. In this framework, the terms, customer domain and customer attributes from axiomatic design 

theory are replaced with stakeholder domain and system attributes, respectively. This is because vehicle 

system design is at a lower level of abstraction with respect to complete aircraft design. In this 

framework, the stakeholders of a vehicle system are considered to be a collective group including the 

overall aircraft designer and the engineers responsible for systems that depend on the vehicle system of 

interest. 

The vehicle system designer typically receives vaguely-defined attributes from the stakeholder(s) of the 

system. It is the responsibility of the vehicle system designer to interpret those attributes in the context 

of the vehicle system of interest and then translate those attributes into well-defined functional 

requirements for the system. The system attributes for an ECS of a manned fighter aircraft are listed in 

the first block labelled 'Stakeholder Domain' in (Figure 4). 

For the case study at hand, system attributes are divided into two categories, 'Flight Critical' and 'Mission 

Critical'. With this division, the physical means to fulfil flight critical requirements can be separated 

from those that fulfil mission critical requirements. Therefore, the ECS could eventually consist of two 

physically-separate systems with each system not straining the other during combat missions. In a 

combat mission, typically the ECS performs functions to keep the aircraft and pilot safe while also 

ensuring that the mission systems (dependent on it) operate at the required capacity. Hence, separating 

the ECS of fighter aircraft into two systems is preferred for tactical and aircraft safety reasons. 

5.2. The system thinking approach for identifying the vehicle system boundary  

One of the tasks of the system thinking approach entails identifying the entities of the system, their form 

and function, and the system boundary and context (Crawley et al., 2015). A vehicle system is connected 

to various other subsystems and equipment in the aircraft that either depend on the vehicle system or 

provide to it. Defining the boundary of the vehicle system makes it clear as to what is contained in the 

system and what belongs outside the system. The systems and equipment that provide or depend on the 

vehicle system of interest are to be placed outside this boundary and they make up the 'context' of the 

system. The system thinking approach is applied to define the boundary of the ECS as shown in (Figure 

2). Interpreting the system attributes defined in (Figure 4), the systems and subassemblies that may 

depend on the ECS are indicated on the left-hand side of the system boundary and marked as 

'Downstream'. The systems indicated on the right-hand side of the system marked 'Upstream' are what 

the vehicle system may depend on. In the aircraft development stage, this categorization could be 

implemented, for example in a SysML-based tool (Friedenthal et al., 2015). 
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Figure 2. The system boundary and the upstream systems (what the system depends on) and 

downstream systems (what depends on the system) for the ECS case study in this paper 

5.3. Feature modelling and the system thinking approach for identifying the 
main aspects of a vehicle system 

According to Suh (2001) when using axiomatic design theory, once the customer (system) attributes are 

defined, they must be translated into functional requirements in a solution-neutral environment. A solution-

neutral environment is one in which the functional requirements must be defined with no consideration for 

something that has already been designed or what the design solution should be (Suh, 2001). However, a 

solution-neutral environment might be counter intuitive for a vehicle system designer at an aircraft OEM. 

The designer might need to comply with the system integration strategy of the OEM that might include 

buying COTS components. Therefore, the designer will require a good grasp of the contemporary systems 

that are in development or in use. This paper suggests a pseudo solution-neutral environment by creating 

a schematic of all the main aspects of the vehicle system of interest by studying existing systems. 

The main aspects of an aircraft vehicle system can be identified using the system thinking approach. 

One of the tasks of the system thinking approach is to identify the system, its form and function. In this 

paper, the term 'form' and the term design parameter from axiomatic design theory are considered to be 

synonymous. Function is made up of a process and an operand. The part of the function that is pure 

action or transformation is a process and it modifies the state of an operand (Crawley et al., 2015). 

Depending on the vehicle system, the operand(s) could be fuel for the fuel system or electrical current 

for the electrical power system. For the ECS, the operand could be ram air, bleed air, and/or 

polyalphaolefin (PAO). For the actuation system, it could be oil or air. Using FeatureIDE (METOP 

GmbH, 2020), a feature model of the main aspects that are inherent to an ECS of a manned fighter 

aircraft was created and it is shown in (Figure 3). 

The ECS of various currently-operating fighter aircraft as well as commercial aircraft were analysed to 

create the feature model in (Figure 3). The feature groups, 'Refrigeration' and 'Heat Exchanging', 

represent the design parameters (components or subsystems) of an ECS. The classification under the 

heat exchanging group was adopted from Shah and Sekulic (2003). The feature groups, 'Air Supply' and 

'Heat Transportation', represent the operands of an ECS. All four feature groups are set as mandatory 

since at least one alternative from each group is needed to fulfil the system attributes. 

The detail in the ECS feature model in (Figure 3) could also be expanded to include other branches such 

as safety valves and sensors that are inherent safety features in an ECS. However, for the purpose of 

demonstrating the fundamental aspects of an ECS, the feature model in (Figure 3) is sufficient. 

 
Figure 3. Feature model created using FeatureIDE (METOP GmbH, 2020) for the ECS case study 

in this paper 
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5.4. Axiomatic design theory for mapping the vehicle system attributes to 
functional requirements of the system 

Once a feature model of the vehicle system of interest is created, then the system attributes can be 

translated into functional requirements. The feature model serves as a guide for translating attributes to 

functional requirements. For example, the four main groups in the feature model in (Figure 3) can be 

used to realise what functions the ECS would be able to perform. The functional requirements of the 

ECS are defined in the block labelled 'Functional Domain 1' in (Figure 4) based on the system attributes 

defined in the stakeholder domain. Note that a single system attribute may not necessarily translate to a 

single functional requirement. For the case study at hand, the first attribute, SA1 that is 'pilot comfort 

and safety' translates into the first three functional requirements, FR1 through FR3. SA2, SA3, SA4, and 

SA5 translate into FR4, FR5, FR6, and FR7, respectively. SA6 and SA7 that are mission critical translate 

into FR8 and FR9, respectively. 

Clearly-defined functional requirements of a vehicle system are possible only through communication 

between the vehicle system designer and the stakeholder(s) of the system. All flight critical attributes 

are translated into pneumatic functional requirements and all mission critical attributes are translated 

into non-pneumatic functional requirements. 

All mission critical attributes could also be fulfilled by pneumatic means. However, this may not be 

ideal for the ECS of a modern-day fighter aircraft. Typically, the 'cooling power' demand of a military-

grade aircraft radar is high. Along with low temperatures, the volume flow rate of air may need to be 

very high to dissipate across the complete surface area of the radar. Hence, it would be more practical 

to fulfil mission critical attributes through non-pneumatic means. 

All pneumatic requirements, FR1 through FR7 can be lumped into a single functional requirement called 

FR1. Similarly, FR8 and FR9 can also be lumped into a single functional requirement called FR2. The 

new FR1 and FR2 are defined in the block labelled 'Functional Domain 2' in (Figure 4). Therefore, the 

two main functions of the ECS are to provide conditioned air to subsystems and subassemblies and to 

cool subsystems by non-pneumatic means. The main functions can be mapped to the main forms of the 

system. 

5.5. Identifying the input constraints on the vehicle system using axiomatic 
design theory 

Once the functional requirements for a vehicle system have been defined then all the input constraints on 

the system must be noted. This step must be conducted prior to mapping functional requirements to design 

parameters. Suh (2007) defines constraints as non-functional requirements and classifies them as either 

input or system constraints. All proposed designs must satisfy input constraints while system constraints 

are specific to a given design. With the knowledge of input constraints in hand, the vehicle system designer 

can make appropriate design choices and avoid generating unfeasible concepts of a vehicle system. System 

constraints can be identified after the architecture of a vehicle system concept is generated. 

Typically, input constraints that are quantifiable for vehicle systems are managed by budgets. Usually, 

measurable constraints include weight, volume, cost, safety, and reliability. Safety and reliability of the 

system are usually measured as a probability of failure. Depending on the vehicle system and the choice 

of design parameters there might be budgets for other resources the system requires. For example, if the 

ECS requires electrical power to operate then it may be provided with an electrical power budget or vice 

versa. The ECS may provide the electrical power system with a budget based on its own needs. 

The cooling requirement for cockpit avionics (FR7) could be fulfilled by non-pneumatic means. 

However, for pilot safety it should only be fulfilled through pneumatic means. This is to prevent any 

hazard of liquid leakage in the cockpit with a non-pneumatic cooling system. If mission avionics were 

located in the cockpit then they would also be cooled by pneumatic means. This is an example of an 

input constraint for system safety. 

Input constraints could also be specified by the stakeholders of the system. For example, the life support 

systems for the pilot may require a minimum mass flow rate of air from the ECS within a specific 

temperature range to keep the pilot comfortable during all phases of a mission. The operating conditions 

for a fighter aircraft are harsher than those for a commercial aircraft. In a single mission, a fighter aircraft 
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may fly at high speed at low altitude and at high speed at high altitude along with performing other combat 

manoeuvres. While a commercial aircraft may typically fly at high speed at cruising altitude for most of 

its mission. Therefore, the operating conditions of the aircraft also affects the design choices for vehicle 

systems. In summary, to ensure that the vehicle system architecture is feasible for the aircraft it is to be 

integrated into, several hundred input constraints may have to be fulfilled. Ensuring architecture feasibility 

may require risk-informed decision making which can be done in accordance with Dezfuli et al. (2010). 

5.6. Axiomatic design theory for mapping vehicle system functional 
requirements to design parameters 

Once the input constraints on the vehicle system are listed, then the functional requirements can be mapped 

to the design parameters of the system. For the case study at hand, FR1 and FR2 defined in Functional 

Domain 2 in (Figure 4) are mapped to DP1 and DP2, respectively. DP1 and DP2 are defined in the block 

labelled 'Physical Domain' in (Figure 4). Using the ECS feature model in (Figure 3), FR1 is decomposed 

into FR1.1 and FR1.2 and they are mapped to DP1.1 and DP1.2, respectively. This process is repeated for 

FR2. Therefore, with the mapping of functional requirements to design parameters, a concept for an ECS 

of a manned fighter aircraft is presented in the Physical Domain block in (Figure 4). 

 
Figure 4. Mapping of System Attributes (SAs) in 'Stakeholder Domain' to Functional 

Requirements (FRs) in 'Functional Domain (1)' to 'Functional Domain (2)' to Design Parameters 
(DPs) in 'Physical Domain' for the ECS case study in this paper 

5.7. Axiomatic design theory for analysing a vehicle system concept for 
functional independence and creating the vehicle system architecture  

In axiomatic design theory, the design matrix of a concept must either be diagonal for an uncoupled design 

or triangular for a decoupled design to satisfy the independence axiom (Suh, 2007). With vehicle system 

concepts, the design matrix is more likely to be triangular rather diagonal since one functional requirement 

might need multiple design parameters in order to be satisfied. This can be noted in the design matrix 

shown in (Figure 5) for the ECS concept at hand. The bleed air must be cooled by the heat exchanger 

before being conditioned by the air cycle machine. Similarly, the PAO must first be cooled by the vapour 

cycle system before being transported around the closed-loop system. 

Satisfying the independence axiom enables the vehicle system concept to be realised into an architecture. 

To satisfy the independence axiom, the ECS design parameters must be realised in the same sequence 

presented in the design matrix in (Figure 5). This is also an indication of the sequential order in which the 

design parameters (components) of the system must be connected. Using the ECS design matrix, the 

architecture of the ECS was generated and is shown in (Figure 5). 
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Figure 5 The design matrix and the architecture of the ECS concept generated in this paper 

5.8. Design structure matrix method for hazard analyses of the vehicle system 

A hazard analysis of a vehicle system is the final step in this framework and it is a two-step process. In 

the first step of a system hazard analysis, a component/subsystem DSM of the vehicle system of interest 

is created. The DSM would consist of what the system depends on, what is contained in the system, and 

what depends on the system. For the case study at hand, a DSM was created with the support of (Figure 

2) and the ECS architecture in (Figure 5). The DSM is shown in (Figure 6) and it is a clear indication 

that the ECS consists of two separate systems - one to fulfil flight critical functions and the other to fulfil 

mission critical functions. The extent of the effect of the dependency could be quantified with an integer 

scale in the DSM. In the second step of a system hazard analysis, the component/subsystem DSM 

created for a vehicle system concept can be used to identify the redundancies for the system itself and/or 

the systems that depend on it. The choice of redundancies is usually a collective effort that includes the 

designer of the vehicle system of interest and the stakeholder(s) of the system. A spatial hazard analysis 

could be conducted in a similar way to the system hazard analysis. 

 
A component/subsystem DSM for the ECS concept generated in this paper 

6. Concluding remarks 
This paper proposes that vehicle system design commence at the aircraft concept stage rather than at the 

aircraft development stage when it typically does. However, the factors that significantly affect vehicle 

system design may not be defined at the aircraft concept stage. To harness the complexities of vehicle 

system design at the aircraft concept stage, a framework that is recursive and based on industrial reality 
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is presented. The framework could become an established method in the future through the inclusion of 

techniques to predict the emergent behaviour of a vehicle system when integrated in an aircraft. 
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