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 SYSTEMS ENGINEERING FOR COMMERCIAL AIRCRAFT 
Scott Jackson 
Douglas Aircraft Company 
3855 Lakewood Blvd. 
Long Beach, California 90846
SE is increasingly being applied in commercial practice. (Petersen and Sutcliffe, 1992), for example, discuss the principles of SE as applied to aircraft development. The purpose of this paper is to show how the unique aspects of commercial aircraft development would be applied within the SE process.
1. COMMERCIAL AIRCRAFT 
Although the term "commercial aircraft" generally refers to jet-powered aircraft carrying large numbers of passengers or more for long distances, SE principles also apply to freight carrying aircraft, "commuter," aircraft, and to "general aviation."
There are three types of aircraft developed in the commercial aircraft industry: new aircraft, derivative aircraft and change-based aircraft. All aircraft should meet the top-level requirements, and a thorough verification process is required to show that these requirements have been met. A new aircraft is developed from a "blank slate" using the SE process. The requirements for new aircraft are market driven and reflect the desires of a broad spectrum of potential customers. The top-level synthesis of an aircraft is discussed later in this paper. Derivative aircraft are based on previous designs. Like new aircraft, derivative aircraft requirements are based on market-driven needs. The advantage of derivative designs is that significant development costs can be avoided. 
Change-based aircraft are those new or derivative aircraft which have been ordered by specific customers and require specific options and custom designs. Often these options can affect aircraft performance and therefore must be evaluated at the aircraft level.
2. Architecture of the aircraft system 
There is a typical hierarchy for a commercial aircraft system, which includes more than the aircraft itself. The aircraft is just one of five second-level elements. Secondly, a hierarchical numbering system known as the ATA index and is published in the ATA Specification 100 (1989) already exists in the aircraft industry. The correlation between the ATA index and the sample hierarchy. This hierarchy is one of many possible valid hierarchies. The development of this hierarchy is one of the first steps in the aircraft SE synthesis process.
3. New technologies and concepts 
To meet design requirements for reduced weight, noise, and emissions, robust systems, and safe and economic operation, many advanced technologies are routinely incorporated into commercial aircraft, e.g., heads-up displays (HUD), voice recognition, global positioning system (GPS) receivers, point-to-point inertial navigators, reconfigurable instrument displays based entirely on digital video displays, Doppler radar, fly-by-wire (FBW) or fly-by-light (FBL), and real-time computer fault detection and isolation. Composite material technology is key to weight reduction. Radical changes in aircraft design are being studied. For example, the drive towards a high speed civil transport (HSCT) has focused on advances in propulsion and materials. The three surface aircraft described by (Martínez-Val, 1994) and (Birch, 1995) has been shown to improve aerodynamic performance. Another concept to improve aerodynamic performance is the blended wing-body (BWB). This concept would resemble a large manta ray. SE has the capability of evaluating the introduction of advanced technology for both subsonic and supersonic aircraft, as described by (Mackey, 1996). Each technology must be evaluated as part of the trade-off and risk analyses which are part of the SE synthesis process, discussed later in this paper.
4. REQUIREMENTS 
Economic requirements
Economic requirements are either market-driven or specific customer requirements. Top-level requirements, such as the range, number of passengers, cargo capacity, and operating costs, will be driven by overall market factors. Specific customers will require special capabilities, for example, relating to interior or avionics design. Requirements can also be initiated internally, such as for a design for manufacturing and assembly (DFMA) initiative.
5. Regulatory requirements 
Regulatory requirements are those imposed by regulatory agencies, such as the Federal Aviation Administration (FAA) and the Joint Aviation Agencies (JAA). The FAA and JAA set the requirements for the certification of the aircraft (discussed later). Many requirements are also set by industry standards and other agencies.
6. Derived and allocated requirements 
As the aircraft is developed from the top-level performance requirements and constraints, derived requirements at the top and subsystems levels will be developed. The number of engines and weight are examples. In addition, software requirements, all of which are derived, will be developed. 
Many requirements can be allocated to aircraft subsystems. These include, but are not limited to, weight, non-recurring (development) cost, recurring (unit) cost, direct operating cost (DOC), dispatch reliability, maximum allowable probability (MAP) of failure, internal noise (sound levels), external noise, electrical loads, air distribution, fuel consumption, emissions, maintenance cost, and loads, shock, and vibration.
7. CONSTRAINTS AND SPECIALTY REQUIREMENTS 
Weight 
Weight is one of the most closely watched aircraft requirements. The primary weight for design and allocation to subsystems is the manufacturer's empty weight (MEW). The primary weight for sizing is the maximum takeoff weight (MTOW). Weight can either be established as a derived sizing parameter or as a constraint from airport weight limits. Either way, weight will be allocated to the subsystems using the classical SE allocation process.
8. Reliability 
Several types of reliability can be applied to aircraft design, but the one with the most visibility is dispatch reliability. Dispatch reliability is the probability that the aircraft will leave the gate within 15 minutes of the scheduled time. Like weight, dispatch reliability can be allocated to all the aircraft subsystems. Safety related reliability is treated within the certification process, discussed later.
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1. COMMERCIAL AIRCRAFT 
Although the term "commercial aircraft" generally refers to jet-powered aircraft carrying large numbers of passengers or more for long distances, SE principles also apply to freight carrying aircraft, "commuter," aircraft, and to "general aviation."
There are three types of aircraft developed in the commercial aircraft industry: new aircraft, derivative aircraft and change-based aircraft. All aircraft should meet the top-level requirements, and a thorough verification process is required to show that these requirements have been met. A new aircraft is developed from a "blank slate" using the SE process. The requirements for new aircraft are market driven and reflect the desires of a broad spectrum of potential customers. The top-level synthesis of an aircraft is discussed later in this paper. Derivative aircraft are based on previous designs. Like new aircraft, derivative aircraft requirements are based on market-driven needs. The advantage of derivative designs is that significant development costs can be avoided. 
Change-based aircraft are those new or derivative aircraft which have been ordered by specific customers and require specific options and custom designs. Often these options can affect aircraft performance and therefore must be evaluated at the aircraft level.
2. Architecture of the aircraft system 
There is a typical hierarchy for a commercial aircraft system, which includes more than the aircraft itself. The aircraft is just one of five second-level elements. Secondly, a hierarchical numbering system known as the ATA index and is published in the ATA Specification 100 (1989) already exists in the aircraft industry. The correlation between the ATA index and the sample hierarchy. This hierarchy is one of many possible valid hierarchies. The development of this hierarchy is one of the first steps in the aircraft SE synthesis process.
3. New technologies and concepts 
To meet design requirements for reduced weight, noise, and emissions, robust systems, and safe and economic operation, many advanced technologies are routinely incorporated into commercial aircraft, e.g., heads-up displays (HUD), voice recognition, global positioning system (GPS) receivers, point-to-point inertial navigators, reconfigurable instrument displays based entirely on digital video displays, Doppler radar, fly-by-wire (FBW) or fly-by-light (FBL), and real-time computer fault detection and isolation. Composite material technology is key to weight reduction. Radical changes in aircraft design are being studied. For example, the drive towards a high speed civil transport (HSCT) has focused on advances in propulsion and materials. The three surface aircraft described by (Martínez-Val, 1994) and (Birch, 1995) has been shown to improve aerodynamic performance. Another concept to improve aerodynamic performance is the blended wing-body (BWB). This concept would resemble a large manta ray. SE has the capability of evaluating the introduction of advanced technology for both subsonic and supersonic aircraft, as described by (Mackey, 1996). Each technology must be evaluated as part of the trade-off and risk analyses which are part of the SE synthesis process, discussed later in this paper.
4. REQUIREMENTS 
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Economic requirements are either market-driven or specific customer requirements. Top-level requirements, such as the range, number of passengers, cargo capacity, and operating costs, will be driven by overall market factors. Specific customers will require special capabilities, for example, relating to interior or avionics design. Requirements can also be initiated internally, such as for a design for manufacturing and assembly (DFMA) initiative.
5. Regulatory requirements 
Regulatory requirements are those imposed by regulatory agencies, such as the Federal Aviation Administration (FAA) and the Joint Aviation Agencies (JAA). The FAA and JAA set the requirements for the certification of the aircraft (discussed later). Many requirements are also set by industry standards and other agencies.
6. Derived and allocated requirements 
As the aircraft is developed from the top-level performance requirements and constraints, derived requirements at the top and subsystems levels will be developed. The number of engines and weight are examples. In addition, software requirements, all of which are derived, will be developed. 
Many requirements can be allocated to aircraft subsystems. These include, but are not limited to, weight, non-recurring (development) cost, recurring (unit) cost, direct operating cost (DOC), dispatch reliability, maximum allowable probability (MAP) of failure, internal noise (sound levels), external noise, electrical loads, air distribution, fuel consumption, emissions, maintenance cost, and loads, shock, and vibration.
7. CONSTRAINTS AND SPECIALTY REQUIREMENTS 
Weight 
Weight is one of the most closely watched aircraft requirements. The primary weight for design and allocation to subsystems is the manufacturer's empty weight (MEW). The primary weight for sizing is the maximum takeoff weight (MTOW). Weight can either be established as a derived sizing parameter or as a constraint from airport weight limits. Either way, weight will be allocated to the subsystems using the classical SE allocation process.
8. Reliability 
Several types of reliability can be applied to aircraft design, but the one with the most visibility is dispatch reliability. Dispatch reliability is the probability that the aircraft will leave the gate within 15 minutes of the scheduled time. Like weight, dispatch reliability can be allocated to all the aircraft subsystems. Safety related reliability is treated within the certification process, discussed later.
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Change-based aircraft are those new or derivative aircraft which have been ordered by specific customers and require specific options and custom designs. Often these options can affect aircraft performance and therefore must be evaluated at the aircraft level.
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There is a typical hierarchy for a commercial aircraft system, which includes more than the aircraft itself. The aircraft is just one of five second-level elements. Secondly, a hierarchical numbering system known as the ATA index and is published in the ATA Specification 100 (1989) already exists in the aircraft industry. The correlation between the ATA index and the sample hierarchy. This hierarchy is one of many possible valid hierarchies. The development of this hierarchy is one of the first steps in the aircraft SE synthesis process.
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To meet design requirements for reduced weight, noise, and emissions, robust systems, and safe and economic operation, many advanced technologies are routinely incorporated into commercial aircraft, e.g., heads-up displays (HUD), voice recognition, global positioning system (GPS) receivers, point-to-point inertial navigators, reconfigurable instrument displays based entirely on digital video displays, Doppler radar, fly-by-wire (FBW) or fly-by-light (FBL), and real-time computer fault detection and isolation. Composite material technology is key to weight reduction. Radical changes in aircraft design are being studied. For example, the drive towards a high speed civil transport (HSCT) has focused on advances in propulsion and materials. The three surface aircraft described by (Martínez-Val, 1994) and (Birch, 1995) has been shown to improve aerodynamic performance. Another concept to improve aerodynamic performance is the blended wing-body (BWB). This concept would resemble a large manta ray. SE has the capability of evaluating the introduction of advanced technology for both subsonic and supersonic aircraft, as described by (Mackey, 1996). Each technology must be evaluated as part of the trade-off and risk analyses which are part of the SE synthesis process, discussed later in this paper.
4. REQUIREMENTS 
Economic requirements
Economic requirements are either market-driven or specific customer requirements. Top-level requirements, such as the range, number of passengers, cargo capacity, and operating costs, will be driven by overall market factors. Specific customers will require special capabilities, for example, relating to interior or avionics design. Requirements can also be initiated internally, such as for a design for manufacturing and assembly (DFMA) initiative.
5. Regulatory requirements 
Regulatory requirements are those imposed by regulatory agencies, such as the Federal Aviation Administration (FAA) and the Joint Aviation Agencies (JAA). The FAA and JAA set the requirements for the certification of the aircraft (discussed later). Many requirements are also set by industry standards and other agencies.
6. Derived and allocated requirements 
As the aircraft is developed from the top-level performance requirements and constraints, derived requirements at the top and subsystems levels will be developed. The number of engines and weight are examples. In addition, software requirements, all of which are derived, will be developed. 
Many requirements can be allocated to aircraft subsystems. These include, but are not limited to, weight, non-recurring (development) cost, recurring (unit) cost, direct operating cost (DOC), dispatch reliability, maximum allowable probability (MAP) of failure, internal noise (sound levels), external noise, electrical loads, air distribution, fuel consumption, emissions, maintenance cost, and loads, shock, and 
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8. Reliability 
Several types of reliability can be applied to aircraft design, but the one with the most visibility is dispatch reliability. Dispatch reliability is the probability that the aircraft will leave the gate within 15 minutes of the scheduled time. Like weight, dispatch reliability can be allocated to all the aircraft subsystems. Safety related reliability is treated within the certification process, discussed later.
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Although the term "commercial aircraft" generally refers to jet-powered aircraft carrying large numbers of passengers or more for long distances, SE principles also apply to freight carrying aircraft, "commuter," aircraft, and to "general aviation."
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To meet design requirements for reduced weight, noise, and emissions, robust systems, and safe and economic operation, many advanced technologies are routinely incorporated into commercial aircraft, e.g., heads-up displays (HUD), voice recognition, global positioning system (GPS) receivers, point-to-point inertial navigators, reconfigurable instrument displays based entirely on digital video displays, Doppler radar, fly-by-wire (FBW) or fly-by-light (FBL), and real-time computer fault detection and isolation. Composite material technology is key to weight reduction. Radical changes in aircraft design are being studied. For example, the drive towards a high speed civil transport (HSCT) has focused on advances in propulsion and materials. The three surface aircraft described by (Martínez-Val, 1994) and (Birch, 1995) has been shown to improve aerodynamic performance. Another concept to improve aerodynamic performance is the blended wing-body (BWB). This concept would resemble a large manta ray. SE has the capability of evaluating the introduction of advanced technology for both subsonic and supersonic aircraft, as described by (Mackey, 1996). Each technology must be evaluated as part of the trade-off and risk analyses which are part of the SE synthesis process, discussed later in this paper.
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Economic requirements are either market-driven or specific customer requirements. Top-level requirements, such as the range, number of passengers, cargo capacity, and operating costs, will be driven by overall market factors. Specific customers will require special capabilities, for example, relating to interior or avionics design. Requirements can also be initiated internally, such as for a design for manufacturing and assembly (DFMA) initiative.
5. Regulatory requirements 
Regulatory requirements are those imposed by regulatory agencies, such as the Federal Aviation Administration (FAA) and the Joint Aviation Agencies (JAA). The FAA and JAA set the requirements for the certification of the aircraft (discussed later). Many requirements are also set by industry standards and other agencies.
6. Derived and allocated requirements 
As the aircraft is developed from the top-level performance requirements and constraints, derived requirements at the top and subsystems levels will be developed. The number of engines and weight are examples. In addition, software requirements, all of which are derived, will be developed. 
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Weight is one of the most closely watched aircraft requirements. The primary weight for design and allocation to subsystems is the manufacturer's empty weight (MEW). The primary weight for sizing is the maximum takeoff weight (MTOW). Weight can either be established as a derived sizing parameter or as a constraint from airport weight limits. Either way, weight will be allocated to the subsystems using the classical SE allocation process.
8. Reliability 
Several types of reliability can be applied to aircraft design, but the one with the most visibility is dispatch reliability. Dispatch reliability is the probability that the aircraft will leave the gate within 15 minutes of the scheduled time. Like weight, dispatch reliability can be allocated to all the aircraft subsystems. Safety related reliability is treated within the certification process, discussed later.
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