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Abstract: This paper presents new software package developed for Aircraft Design. It is 

intended primarily to be used for undergraduate teaching. The software does everything that 

is needed in preliminary design environment. It is able to predict the empty and maximum 

takeoff weights to an accuracy of better than 5%. The performance data computed by the 

software agrees very favourably with the published data of Airbus and Boeing aircraft, for a 

wide range of flight conditions. An interactive interface to the USAF DATCOM has also 

been developed to provide estimation of aircraft stability derivatives which can be used in 

flight simulation work to investigate the dynamic behaviour of the aircraft design under 

consideration. 

 

 Introduction 

Aircraft design process can be divided into 

three design phases: a- Conceptual, b- 

Preliminary, c- Detail. They can be 

summarized as follows: 

a- Conceptual design phase: The main 

objective of this phase is to determine the 

configuration layout (conventional or 

novel) which are technically feasible and 

commercially viable.  

b- Preliminary design phase: The aim of 

this phase is to find the best optimum 

configuration geometry for the aircraft that 

achieves commercial operational 

requirements. This design is done in 

parallel with the parametric studies to allow 

any desirable changes to the layout to be 

made. This phase is iterative in nature and 

the design changes are made until all 

specifications are met. 

c- Detail design phase: It consists of two 

parts. The purpose of the first part is to 

verify and refine the design to a greater 

level of detail and to produce data 

necessary for the manufacture of the 

aircraft. The second part is sometimes 

called production design where the 

specialists determine how the aircraft will 

be fabricated, starting with the smallest and 

simplest subassemblies and building up to 

the final assembly process. Detail design 

phase ends with fabricating and testing the 

first prototype aircraft. 

 

Teaching Aircraft design 

Many universities in UK, follow the 

Problem Based Learning (PBL) approach 

in teaching aircraft design.  PBL is a 

concept used to enhance multidisciplinary 

skills using planned problem scenarios. It is 

an active way of learning that teaches 

students problem-solving skills while at the 

same time allowing them to acquire basic 

knowledge in aircraft design. In PBL 

approach, students work in small 

collaborative groups and learn what they 

need to know in order to solve a problem. 

The benefits of PBL have been explained 

by Duch 
(1)

. Since, the aircraft design 



process is iterative, one or two semesters of 

study is not enough time to fully cover the 

concepts of the aircraft design. Most 

universities present preliminary design 

projects as coursework for this reason. It 

should be noted that these projects are not 

meant to provide a “fill in the blank” 

template to be used by current and future 

students working on similar design 

problems, but to provide insight into the 

process itself 
(2). The aircraft design 

projects are undertaken students working in 

a group size comprising of 6-8 in number, 

and working to prescribed specifications as 

set by the academics. The broad subject 

areas include Wing and Aerodynamics, 

Fuselage, Undercarriage, Systems, 

Propulsion & Performance, Project 

Management, Materials and Manufacture 

and Stability and Control. The students 

work through a classical process of 

preliminary design based largely on 

textbook methods. Therefore, the need for a 

preliminary design tool (software) that 

helps the students to understand and 

analyze their design process is necessary. 

 

Aircraft Design Software 

Many software programs have been 

developed in the last fifty years ago, 

subsequent to the first optimized program 

(SYNAC II) coded by Lee, V. & et al 
(3)

 in 

1967. In the early nineties, the AAA 

(Advanced Aircraft Analysis) 
(4)

 program 

started out as a computerized version of 

Roskam's eight-volume text: Airplane 

Design, Parts I-VIII 
(5),

 featuring a user-

friendly interface. Kroo 
(6)

 developed a 

system for aircraft design utilizing a unique 

analysis architecture, graphical interface, 

and suite of numerical optimization 

methods. In 1996, Raymer released his 

software package RDS 
(7)

 which 

implements the approach described in his 

book. Piano 
(8)

 is another complete aircraft 

design program developed by Simos. It is 

geared towards the design of commercial 

aircraft. Finally, CEASIOM 
(9)

 

(Computerized Environment for Aircraft 

Synthesis and Integrated Optimization 

Methods) is meant to support engineers in 

the conceptual design process of the 

aircraft. 

 

Limitations and Shortages 

 Although some of the packages are 

used for teaching purposes, the 

students need to know the 

philosophy of aircraft design and 

the influence of each variable. They 

need to understand principles of 

aircraft design before the packages 

can be used. 

 Many assumptions need to be made 

in order to achieve the objectives. 

 Many programs are not truly 

interactive which makes them 

unsuitable for teaching purposes. 

 One of the important aspects in 

aircraft design is the dynamic 

stability. Most of these programs 

lack it in their synthesis process. 

 

Software Scope 

The objective goal of the software is to 

develop a tool that can be used for teaching 

aircraft design. Therefore, it had to be 

highly interactive with friendly graphical 

user interface and easy to use. Addition of 

parametric study Capabilities. in the 

software enables the students to learn and 

understand the influences of the various 



design variables. Therefore, the task 

becomes for the students to learn the 

processes which will take them from the 

first principles and concepts, through to the 

conceptual design and to the point where 

our software begins to guide them into 

interactive step-by-step approach enabling 

them to estimate, choose, and calculate the 

design variables, helping them to analyse, 

optimize, and evaluate the proposed design 

in less iterations. 

 

User Interface 

Aircraft design involves a large number of 

design variables for a variety of 

calculations. These variables are required 

for the estimation of aircraft mass, 

aerodynamics, stability and control, 

propulsion, and aircraft performance. Many 

design software packages use pre- 

configured input data files to define the 

design variables. Alteration to the input 

data is done through modification of these 

files. This configuration is very tedious and 

is not intended for teaching. Thus, the need 

for a user friendly graphical-user-interface 

(GUI) becomes necessary. In the scope of 

this project an object-oriented-

programming (OOP) is used to create the 

GUI environment. The benefits of OOP are 

encapsulation, polymorphism, and reuse (or 

so-called inheritance). 

The software uses more than 150 design 

variables organised into eleven groups. 

These groups are: Wing, Fuselage, Tail, 

Aerofoils, Flaps, Propulsion, Weights, 

Speeds, Stages, Weights, and Cost. This 

simplified configuration helps the students 

to specify, alter and examine the effects of 

the changes efficiently.  Also, the software 

uses a graphical user interface conforming 

standard software for teaching 
(10)

.  

Figure 1 is a screen shot of a typical 

interaction form that allows the user to 

make the changes to the variables 

associated with the wing design, and in 

keeping with the interface requirements 

presented in 
(10)

. 

  

Synthesis Program 

The main synthesis program consists of 

many modules. These modules include: 

geometry, weight, aerodynamics, static 

stability, flight performance, cost 

estimation, and dynamic stability.  The 

aircraft geometry module calculates the 

major geometries pertinent to aircraft 

components such as wing, fuselage, 

empennage, flaps, and nacelles. In the 

weight module, which is one of the most 

significant module due to the fact that 

accurate weight estimation at early stages is 

a hard and difficult process. The 

aerodynamics module evaluates: zero-lift 

drag, aircraft lift, lift induced drag, 

compressibility effects, total aircraft drag, 

and effects of flaps. In static stability 

module, static margin constraint is 

evaluated and static margin in the datum 

CG position for the proposed aircraft is also 

calculated. The dynamic stability module 

computes all the longitudinal and lateral 

stability derivatives and computes the 

properties of the modes of motion. The 

flight performance module is used for flight 

profile analysis and field performance, in 

the climb, cruise, and descent phases. 

Detail changes in aircraft mass, air density, 

speeds, and time are calculated at the mid-

segment position. Time and fuel are 

calculated using linear interpolation in each 

stage. In the climb stage the engines are at 



the maximum continuous climb rating, 

whilst for the cruise segment engine thrust 

is at a min fuel condition. The descent 

phase calculations are performed at flight 

idle setting. The field performance is 

assessed using step-integration analysis of 

the equation of the motion of the aircraft 

presented by Torenbeek
(11)

 to determine the 

balanced field length (BFL) requirements, 

whereas Loftin
(12)

 analysis is used to find 

the landing field length (LFL). Finally, the 

cost estimation module evaluates the 

aircraft cost, engine cost, and direct 

operating cost (DOC). DOC is the most 

significant parameter for commercial 

aircraft. Therefore, three common standard 

methods are developed in the cost module, 

American Transport Association (ATA), 

NASA, and Association of European 

Airlines (AEA) 
(13, 14, & 15)

.  The student is 

free to choose any method in his analysis. 

All these methods are based on up-to-date 

data published by ATA and MIT (year 

2010) which is based on operational data 

averaged from many airlines and gives a 

reasonable estimate of the average DOC. 

 

Take-off Module 

Although the BFL is calculated in the 

performance module, an additional module 

is used to synthesise the take-off stage in a 

more accurate analysis. The module is 

based on the approach proposed by Krenkel 

& Salzman
(16).

 It is organized into two 

parts. Each part defines different aspects of 

take-off analysis. These parts are: 

a- Normal Take-off, i.e. from stop to 

liftoff to passage over a 35 ft (11m) 

obstacle. 

b- Balance Field Length calculation, 

i.e. Iterative solution to find where 

the engine can fail so that the 

distance to perform an OEI take-off 

is equal to the accelerate stop 

distance available (ASDA). 

 

Parametric Studies Module 

A key feature that helps in understanding 

the philosophy of aircraft design is the 

interrelationship of variables. This module 

consists of two options, either 1-to-1 or 2-

to1 i.e. changing one independent (design) 

variable to one dependent (calculated) 

variable, or changing two independent 

variables to one dependent variable. The 

user is allowed to set the lower and upper 

limits of the allowable changing band for 

the selected design parameters. The 

resulting data are plotted as 2D graphs.  

 

Optimiser 

An optimiser from RAE
(17)

 has been 

incorporated that allows a great flexibility 

in selecting objective functions and in 

exploring the optimized design to changes 

in specifications or constraints. Main 

objective functions include total fuel 

weight, take-off weight, direct operating 

cost, and weight of the wing. Fourteen 

equality and/or in-equality constraints, 

which include fuel weight, total take-off 

weight, balanced and landing field lengths, 

static margin, stage length, etc, can be set 

by the students. Other feature of the 

optimizer is that it allows the student to 

decide on which of the variable are fixed 

and which the optimiser can optimise.  

 

Output Module 

The software outputs all the necessary 

design data in alphanumeric and graphical 



format. This includes weight, geometric, 

aerodynamic, and takeoff stage analysis, 

aspects of flight performance and static and 

dynamic stability. The output module 

allows data to be saved or exported to 

EXCEL for further analysis if required.  

The key feature is the software’s ability to 

draw the 2-D aircraft geometry that alters 

in real time as any of the design parameters 

are changed. 

 

Case Study 

Many case studies have been performed for 

current Airbus and Boeing aircraft. The 

performance data computed by the software 

agrees very favourably with the published 

data of Airbus and Boeing aircraft, in all 

conditions. In particular, a full case study 

for Boeing 777-200ER is presented here. 

Initially, the published data used as design 

variables are shown in Table 1. The 

software evaluates the aircraft components 

weights as in Table 2. The software 

predicts the operating empty weight and 

maximum takeoff weight to an accuracy of 

better than 4%. This is considered to be 

satisfactory in the early stages of the 

design. In aerodynamic module, zero-lift 

drag coefficient of aircraft components, lift 

coefficient of the aerofoil section, wing, 

and trimmed aircraft are calculated, for 

takeoff and landing stages. A polar plot (CL 

vs. CD of the aircraft is shown as Figure. 2. 

Table 3 shows the output data of the flight 

performance for the main stage. Notional 

and diversion stage data in a similar 

manner to the main stage are also available. 

The Direct Operating Cost (DOC) elements 

which in turn are based on up-to-date data 

published by ATA and MIT 
(18 & 19)

 are 

evaluated according to the selected method 

as shown in Table 4. Also, static stability, 

balanced field length, and landing field 

length are calculated.  Table 5 shows the 

detail analysis output data for the takeoff 

stage.  

Table 6 shows the typical output produced 

by the dynamic stability module, and 

includes all the stability derivatives for the 

lateral and longitudinal dynamics.  

properties of all the modes of motion (not 

shown) and summarises the data in a state 

space format which can be exported for 

control system design in MATLAB 
(20)

. 

Presented in Table 7 is the published and 

predicted operation empty weights of the 

Airbus and the Boeing family of aircraft, 

note that the OEW prediction is fairly 

accurate, except for a couple of cases where 

the discrepancy is due to the lack of 

information regarding usage of composite 

materials.  The program has adjustment 

factors that can allow this to be corrected. 

 

Conclusion 

New software package has been developed 

for teaching undergraduate Aircraft Design 

students. It performs weight analysis, 

geometric aerodynamic performance 

estimates, aspects of flight performance, 

and dynamic stability. Many case studies 

have been performed for the current Airbus 

and Boeing aircraft. A full case study for 

the Boeing 777 aircraft is presented. 
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Design Variables Value 

Maximum Takeoff Weight              (kg) 297555 

Operating Empty Weight                (kg) 145015 

Maximum Takeoff Thrust / Engine (lb) 93700 

Number of Passengers             (1-Class) 440 

Dive Velocity                                   (m/s) 317 

Range                                               (km) 14310 

Fuel Weight                                      (kg) 98000 

Fuselage Length                                (m) 63.73 

Fuselage Diameter                            (m) 6.2 

Wing Area                                        (m2) 427.8 

Wing Aspect Ratio 8.7 

Wing Sweepback Angle                 (deg.) 31.64 

 

Table 1 – Design variables for Boeing 777-

200ER aircraft 

 

Table 2 – Calculated Component Weights 

for Boeing 777-200ER 

 

 

 

 

Figure 1 – Wing Design Variables Form 

 

 

Figure 2 – Polar Plot for Boeing777-200ER 

 



 

Table 3 – Main Stage Performance for 

Boeing 777-200ER 

 

 

Table 4 – Cost Estimation Output for 

Boeing 777-200ER 

 

 

Table 5 – Take-off Analysis for Boeing 

777-200ER 

LONGITUDINAL   DIRECTIONAL  COEFFICIENTS 

 X M Z 

U -0.0055 0.000 -0.0748 

W 0.0374 -0.0199 -0.4433 

W_dot 0.000 -0.0009 -0.0045 

Alfa 6.1336 -4.9923 -111.2169 

Alfa_dot 0.000 -0.2284 -1.1320 

q 0.000 -0.6790 -3.3652 

Delta_e 0.000 -2.8158 -13.9564 

LATERAL  DIRECTIONAL  COEFFICIENTS 

Beta -15.6394 2.2367 -0.0113 

P 0.5543 -0.0422 -1.6706 

R 1.8386 -0.2322 0.2984 

Delta_r 7.8372 -1.0648 0.8709 

Delta_a 0.000 -0.1083 3.9821 

LONGITUDINAL  A  MATRIX 

-0.005 0.037 0.000 -9.810 

-0.075 -0.443 250.890 0.000 

0.000 -0.019 -0.907 0.000 

0.000 0.000 1.000 0.000 

LATERAL  A  MATRIX 

-0.062 0.002 0.993 0.039 

-0.011 -1.671 0.298 0.000 

2.237 -0.042 -0.232 0.000 

0.000 -0.042 -0.232 0.000 

Table 6 – Dynamic Stability Derivatives for 

Boeing 777-200ER 



Aircraft 

Type 

Published Data Calculated Data % Diff. 

OEW 

% Diff. 

MTOW OEW MTOW OEW MTOW 

A319 – 100 40800 75500 40829 75165 + 0.07 - 0.45 

A321 - 200 48500 95510 48605 94754 + 0.22 - 0.8 

A330 – 200 119600 238000 123269 235499 + 3.07 - 1.06 

A330 – 300 124500 235000 124971 235969 + 0.38 + 0.37 

A340 – 300 130200 276500 130659 278056 + 0.35 + 0.56 

A340 – 600 177800 368000 173148 356936 - 2.69 - 3.1 

737 – 700 38147 70305 38671 70329 + 1.37 + 0.03 

737 – 800 41145 79245 43154 80668 + 4.88 + 1.8 

737 – 900ER 44676 79245 44038 83531 - 1.45 + 5.41 

767 – 400ER 103145 204570 104064 200638 + 0.89 - 1.96 

777 – 200ER 145015 297550 145561 292459 + 0.03 - 1.02 

777 – 300ER 167830 351500 173236 348158 + 3.22 - 0.96 

 

Table 7 – Comparison of the Published and Predicted Operational Empty Weights

  



 


