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Abstract 

Not long ago, the idea of building and aircraft wing that could change its entire shape to adjust for 

various flight conditions seemed impossible. However, with the advent of new design realization 

technologies, tools, and processes, new levels of morphing will soon be achievable through the advanced 

manufacturing of compliant, integral control surfaces that will allow a wing to achieve degrees of 

morphing seen only in nature. By applying this technology to a new, high-performance subsonic transport 

design, the Blended-Wing-Body (BWB) aircraft, a truly revolutionary breed of aircraft can be born. 

In our project, our group aimed to explore the possibility of using integral control surfaces to create a 

single, continuous BWB wing that can change its shape based on its current flight conditions and flight 

objectives. In order to study perform this study, our group parameterized the BWB wing in a CAD 

system. 

Using the CAD software package, PTC Pro/Engineer Wildfire 4.0, we were able to successfully 

parameterize the entire BWB wing using 33 parameters. 
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1 Introduction and Background 

 There are several important driving concepts, goals, and problems driving this project. These 

ideas are outlined in the following sections. 

1.1 4ÈÅ #ÏÎÖÅÎÔÉÏÎÁÌȟ Ȱ4ÕÂÅȟȱ !ÉÒÃÒÁÆÔ 

 The conventional subsonic transport design is the most pervasive aircraft design in history. 

Aircraft such as the Airbus A340 and Boeing 747 (Figure 1) demand the vast majority of market share in  

  

Figure 1. The Airbus A340 (left) and the Boeing 747 (right) 

long-distance subsonic transport [1]. As can be seen from Figure 1, these aircraft rely on the same, 

widely accepted and time-tested design concept: a cylindrical, or ñtube,ò fuselage with wings attached on 

either side of the aircraft. In this configuration, the fuselage and wing serve mutually independent roles. 

Simply put, the fuselage carries the payload and the wing generates lift; there is very little overlap in 

function between the two bodies. This design concept has existed since the Wright Flyer was invented in 

1903. In 1947, 44 years after the creation of the Wright Flyer, the Boeing-B47 took flight (Figure 2). This 

aircraft embodied the revolutionary concepts that exist even today: swept wings, rudders, and podded 

engines hung underneath the wing. Since then, very few critical changes have been made to the core 

design of the subsonic transport; the aircraft in Figure 1 embody the same basic spirit as the B-47, a plane 

created over five decades ago.   

 

Figure 2. Boeing B-47 
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Although this design concept has improved with time and is highly effective for it purpose, its core 

design has not changed; there has not been a revolution in its design for over half a century [2]. 

1.2 Blended-Wing-Body Aircraft 

 The Blended-Wing-Body aircraft (BWB), 

represents a completely new concept in the design of the 

subsonic transport. This design concept arose from 

designing the fuselage by using basic shapes that contained 

minimal surface area and were streamlined for flight [2]. As 

Figure 3 shows, two basic shapes, the cylinder and the disc, 

became the two major shapes driving the design of the 

fuselage. The cylinder fuselage tended toward the 

conventional design of aircraft whereas the disk became the 

basis for the design of the BWB aircraft. 

 Since the initial design of the BWB wing in 1988, it 

has been refined to its current state (Figure 4). The principal 

concept behind the current iteration of the BWB is the 

blending of various components of the plane, including the 

fuselage, wings, and the engines, into a single lifting 

surface. As a result, the BWB fuselage is harder to 

distinguish from the wing (i.e. it is harder to tell where the 

wing ends and the fuselage begins). There are some key 

concepts to note about the design of the BWB: 

1. The BWB is a tailless aircraft: Because of the disc-

shaped nature of the fuselage, the BWB does not 

have a tail. As a result, the BWB does not have a 

rudder.  

2. The engine location of the BWB: Another important characteristic of the BWB design is position 

of the engines, are located at the aft sections of the plane. Because of the weight and balance 

considerations of the plane, the engines needed to be place at the rear of the plane [2]. 

Additionally, with the engines at the rear of the plane, the fuselage can serve as an inlet for the 

intake of air. 

3. Control surfaces: The control surfaces of the wing are located along the leading and trailing edges 

of the wing and on the winglets. The number of control surfaces can vary from 14 to 20 

depending on the BWB design.  

Figure 3. Basic design of the BWB fuselage 
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Figure 4. The BWB aircraft 

The BWB has several distinct advantages over the conventional tube aircraft. Some of these 

advantages are outlined below: 

1. Higher fuel efficiency: Initial testing of the BWB aircraft has indicated that it can have up to 

a 27% reduction in fuel burn during flight [2]. 

2. Higher payload capacity: Due to the blended nature of the fuselage, the fuselage is no longer 

distributed along the centerline of the aircraft. As a result, the fuselage is more ñspread out,ò 

allowing for greater volume and a larger payload capacity [2].  

3. Lower takeoff weight: Early design concepts have determined that the BWB can have up to a 

15% reduction of take-off weight when compared to the conventional baseline [2]. 

4. Lower wetted surface area: The compact design results in a total wetted difference of 14,300 

ft
2
, a 33% reduction in wetted surface area. This difference implies a substantial improvement 

in aerodynamic efficiency [2]. 

5. Commonality: One of the greatest advantages of the BWB is commonality of size and of 

application [3]. Firstly, the commonality of the components of the airplane will allow it the 

payload of the airplane to be varied at little cost. For the 250, 350, and 450 ï passenger 

capacity of the BWB, many components are interchangeable. This interchangeability serves 

to drive down the cost of the aircraft. Secondly, commonality of function allows the BWB to 

be used in many applications, both military and civilian. The BWB can be modified to be 

used as a freighter, troop transport, tanker, and stand-off bomber in addition to its function as 

a commercial airliner. 

1.3 Morphing Wings 

A morphological wing is a wing that can change its configuration to maximize its performance 

for different flight conditions. The morphological wing is not a new concept; nearly all aircraft wings 

have components, such as ailerons, that allow the wing to change its shape. Although current aircraft each 

have their own methods for changing configurationðfolding, telescoping, sweeping etc.ðthese methods 

all rely on a similar principle: individual control surfaces that have discrete, mechanical, and rigid 

structures that move relative to each other [4].  
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1.4 The NACA Airfoil 

In this project, the NACA airfoil will serve as the basis for the airfoil design of the BWB aircraft. 

The NACA airfoil was designed in 1933 by the National Advisory Committee for Aeronautics (NACA). 

Up until the creation of these airfoils, airfoil design was nearly arbitrary, subject only to the designerôs 

past experience with airfoil design [5]. In Technical Report No. 460, "The Characteristics of 78 Related 

Airfoil Sections from Tests in the Variable-Density Wind Tunnel," the authors defined and tested a series 

of airfoil designs. They noticed that most high performance airfoils at the time followed a similar 

geometric scheme. Through rigorous wind-tunnel testing, the authors were able to characterize a series of 

equations to define the airfoil mean camber line and thickness distribution of the high performance 

airfoils of the time [6]. These airfoils eventually became used in aircraft at the time and even found their 

way into a number of important World War II-era aircraft [7]. They are still commonly used in aircraft 

today.  

 The original airfoil series created in 1933 were what we know today as the 4-digit and 5-digit 

series. Since 1933, the methodology for defining the NACA airfoils was refined. As a result, later families 

of NACA profiles were created, including the 6-digit, 7-digit, 8-digit and even 16-digit series airfoils. For 

the purposes of this project, the 4-Digit series were leveraged due to their well-documented 

parameterization scheme and because one particular NACA profile, the NACA0015 was used in the 

analysis of the BWB wing [8]. The parameterization scheme of the NACA 4-digit series is explained 

below: 

 

Figure 5. NACA 4-digit airfoil parameterization [5] 

 The 4-digit series of airfoils can be specified by four distinct parameters. They are described in 
Table 1: 

Table 1. Parameters in the 4-digit NACA airfoil 

ὧ chord length 

ά Maximum camber height as a percentage of chord length 

ὴ The position of the maximum camber in tenths of chord from the leading edge of the airfoil 

ὸ The  maximum thickness of the airfoil as a percentage of chord 
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With the exception of c, the parameters are placed sequentially in the NACA profile name. For 
instance, the NACA4315 would be specified as follows: 

ά ὴ ὸ 

4 3 1 5 

Max camber = 0.04 * c Max camber position = 0.3 * c Max thickness = 0.15 * c 

 

Therefore, for a chord length of 10 m, the NACA4315 will have a maximum camber of 0.4 m, a 

maximum camber position of 3 m from the leading edge, and a maximum thickness of 1.5 m. 

Once these parameters are known, the mean camber line of the airfoil can be defined. The mean 

camber line is the line of the airfoil that is equidistant from the top and bottom curves of the airfoil. It is 

found according to the equations below: 

ώὧ=
ά

ὴ2
2ὴὼ ὼ2 × ὧ, from ὼ= 0 to ὼ= ὴ 

ώὧ=
ά

(1 ὴ)2
[ 1 2ὴ+ 2ὴὼ  ὼ2] × ὧ, from ὼ= ὴ ὸέ ὼ= 1 

where ά, ὴ, and ὧ are defined as above, and ὼ is a variable ranging from 0 to 1. With the mean 

camber line calculated, the thickness distribution could then be calculated: 

±ώὸ=
ὸ

0.2
(0.2969Ѝὼ 0.1260ὼ 0.3516ὼ2 + 0.2843ὼ3 0.1015ὼ4) 

where ὸ is the is defined as above. Finally, the equations for the upper and lower camber curves 

could be calculated by summing or subtracting the thickness distribution from the mean camber equation: 

ὼὟ= ὼ ώὸsinʃ 

ώὟ= ώὧ+ ώὸcosʃ 

ὼὒ= ὼ+ ώὸsinʃ 

ώὒ= ώὧ ώὸcosʃ 

where ὼὟ and ώὟ are the x and y coordinates of the upper camber, ὼὒ and ώὒare the coordinates of 

the lower camber, and ʃ is the angle defining the slope of the mean camber line at ὼ: 

—= tan 1
Ὠώὧ
Ὠὼ

 

With the above equations, the NACA 4-digit series can be parameterized in a CAD system. 

  



Problem Statement 

 

Parameterization of the Geometry of a Blended-Wing-Body Morphing Wing 7 

 

 

2 Problem Statement 

2.1 Problem Overview 

One of the BWBôs greatest disadvantages is the control of its motion. As a type of tailless 

aircraft, it lacks the control surfaces that are commonly found on the tail. Consequently, it suffers from 

important technical control issues, such as yaw control power, multi-axis instabilities, multiple control 

effectors for each control axis, and nonlinear effector control that can greatly diminish the control of the 

aircraft [9]. These problems must be addressed by the morphing wing of the aircraft. However, these 

morphing wings have issues satisfying the needs of the BWB aircraft.  

 

Figure 6. The BWB wing and its control surfaces 

The current morphing wing of the BWB aircraft utilizes between 14 and 20 control surfaces to 

control the motion of the aircraft. These control surfaces, although sufficient in direction motion of the 

aircraft, have many drawbacks. For instance, these morphing wings will often lack the optimal shape for 

their application because the wing shape is not continuous for the control surfaces [4]. Additionally, these 

wings have issues such as weaker structural integrity, large size, and an overabundant number of control 

surfaces [4]. Another important issue is the ambiguous function allocation of the control surfaces. The 

outboard split elevons, for instance, can provide both pitch, roll, and yaw movements [3]. These multiple-

function elevons can result in the saturation of a particular effector, or worseðconflicts between control 

surfaces. 

One other drawback of the BWB wing and its rigid control surfaces is function. Currently, only 

the control surfaces of the wing can change their shape and orientation. The body of the wing remains 

relatively rigid in relation to these control surfaces. This shape orientation limits the BWB to a maximum 

speed of Mach 0.85, or 289 m/s. However, different sweep and length configurations of the wing will 

allow it to reach speeds of up to Mach 0.95 [2]. The rigid BWB body does not allow the wing to achieve 

these sweeps, lengths, or orientations. 

2.2 Motivation 

  In order to improve the control issues of the BWB wing and conventional aircraft wings in 

general, a fully morphing wing design has been proposed. This concept does not use external control 
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surfaces to control each individual motion of the aircraft, but, instead, utilizes integral control surfaces to 

change the shape of the wing. Rather than use separate moving parts to change the shape of the leading 

and trailing edges of the wing, this wing design will allow the aircraft wing to remain as one continuous 

part  with the ability to change all portions of its shape. An example of this type of morphing wing is the 

morphing of the shown below for the AAI Shadow Unmanned Aerial Vehicle (UAV) [10]. During flight, 

the AAI Shadow is able to change the shape of its airfoil from the NACA23015 shape to the FX60-126 

shape is fuel is consumed. This change allows the Shadow to achieve 22% greater endurance. 

 

Figure 7. AAI Shadow UAV 

 

Figure 8. Morphing of the airfoil of the AAI Shadow from NACA23015 to FX60-126 

The proposed morphing of the BWB will follow the same fundamental concept as the morphing of 

the AAI Shadow. However, the degree of shape change proposed is much larger in scale. Rather than 

change just the airfoil type of the wing, the BWB wing will be able to adjust all aspects of its shape, 

including length, taper, sweep, angle of attack, and dihedral angle.  

2.3 Project Proposal 

Until recently the technological means to achieve this degree of morphing was noticable absent. 

However, the onset of new design realization technology, such as additive manufacturing, has allowed for 

morphing wings to attain a new level of shape change to increase flight efficiency. In the world of 2030 

and beyond, we envision that this technology will enable the realization of morphing wings that can 

change their entire shape, thus resulting in a more versatile and efficient aircraft wing. To better 

understand how this technology will improve the performance of the BWB aircraft, we will model and 

parameterize the wing of a BWB aircraft so that it will be able to change its entire shape under different 

flight conditions. Specifically, we will analyze and characterize the shape of the BWB wing under 

different flight conditions (i.e. take-off, climb, cruise, loiter, land, etc.).  

In the context of CAD, our goal will be to design and parameterize a CAD model of a BWB 

aircraft wing so that it can change various components of its shape (i.e. camber, chord length, sweep, 

taper, etc.) for different flight conditions. In order to accomplish this goal, a top-down product-wide 

design approach will be implemented in a CAD system. This approach will allow the parameterization 

scheme to be implemented in a robust fashion. 
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3 Goals and Objectives 

The objectives of this project can be divided into three main types of objectives: the main, 

overarching objective, project objectives, learning objectives, and additional objectives. These objectives 

are laid out as follows: 

3.1 Overarching objective 

 The primary objective of this project is to explore the extent through which morphing can be 

achieved in the BWB aircraft wing through parameterization of the wing in a CAD system. 

3.2 Project objectives 

 The specific project objectives can be subdivided into the objectives below: 

¶ Explore the different types of morphing that can be achieved in a BWB aircraft 

¶ Find and model the dimensions of the BWB wing and aircraft 

¶ Develop a parameterization scheme for the airfoil of the BWB wing 

¶ Develop a parameterization scheme for the extrusion of the airfoil across the wing 

¶ Implement this parameterization scheme in a CAD system 

¶ Study the relationship between parameters to each other and to the morphing of the BWB wing 

3.3 Learning objectives 

 In addition to the project objectives outlined, we have also defined learning objectives in order to 

outline our learning considerations for the project. They are as follows:  

¶ To understand how a parameterization scheme can be utilized in the design of components 

¶ To understand how to implement design in a CAD system 

¶ To understand how a top-down, product wide, design process can be utilized to improve the 

design of an assembly 

3.4 Additional Objectives - Rapid Prototyping 

 In addition to the parameterization of the wing, we will attempt to rapid-prototype the BWB 

aircraft in an SLA machine. This will allow physical comparison between different BWB morphing 

scenarios. 
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4 Report Organization 

In order to fully convey the information of the project, the report will be laid out as follows: 

¶ Chapter 1 provides background information regarding the project. 

¶ Chapter 2 explains the main problems and motivations driving the project. 

¶ Chapter 3 outlines the goals and objectives of the project. 

¶ Chapter 4 outlines the report organization. 

¶ Chapter 5 explains the parameterization requirements and method. 

¶ Chapter 6 implements the parameterization scheme in a top-down product wide approach in a 

CAD package. It also presents several test cases exploring the capabilities of the parameterized 

BWB scheme. 

¶ Chapter 7 explores the rapid-prototyping process used to create the physical, scale models of the 

parameterized BWB aircraft. 

¶ Chapter 8 summarizes and evaluates the project.  It then addresses and answers the intellectual 

questions posed by the project. Finally, it presents possible future work for the project. 

¶ Chapter 9 presents self-evaluations for each group member. 

¶ Chapter 10 shows the references of the project. 
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5 Parameterization of Geometry of BWB 

5.1 Requirements 

Based on the defined scope of the project, we have focused on the geometrical aspects of morphing in 

a BWB wing morphing aircraft. Thereby, the requirements that we have listed are made off the geometry 

of the CAD model. The three categories that we have used are justified below: 

1. Airfoil Section: These requirements are imposed on the airfoil section in order to generate 

parameterized description of the airfoils that are used to define the wing 

2. Airfoil Location and Orientation: These requirements are imposed on the parameterization 

scheme and the modeling approach used in the CAD software in order to maintain flexibility for 

each airfoil section in the wing to relocate or rotate itself, thereby morphing the entire wing 

3. Overall Wing Orientation and Shape: These are the overall requirements from the morphing 

wing. These requirements are responsible for the visual impact of the morphing of the BWB 

aircraft wing. 

  
Requirements List for the CAD Model of a BWB Morphing Wing 

Aircraft 
Issued on: 

4/01/2009 

# DW Requirements 

1 W 

A
ir

fo
il
 S

e
c
ti
o

n
  

Should be defined in such a way that it is mutable  

2 D The change in form must depend on a set of parameters 

3 D Must be readily re-usable for all sections in the wing 

4 D 

A
ir

fo
il
 

L
o

c
a

ti
o

n
 

a
n

d
 

O
ri
e

n
ta

ti
o

n
 

Each airfoil sectionôs orientation must be controllable 

independently 

5 D 
The CAD Model must allow flexibility in relative location of 

airfoil sections 

6 D 

O
v
e

ra
ll 

W
in

g
 

O
ri
e

n
ta

ti
o

n
 a

n
d

 S
h

a
p
e 

The wing must be able to change its sweep angle 

7 D The wing must be able to change its dihedral angle 

8 D 
Morphing of the wing must include localized twist, as well as 

change in span length 

9 D 
The CAD model must be able to approximate the actual 

dimensions of a BWB  wing 
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5.2 Parameterization Method 

In order to parameterize the BWB wing, approximate dimensions of the fuselage and wings needed 

to be obtained. Unfortunately, the dimensions of the wing are highly proprietary and were difficult to 

find. The majority of the dimensions were found from [2, 3, 8]. Any other dimension that needed to be 

found were measured from scale drawings of the BWB as found from [2]. Table 2 below summarizes 

some of the initial dimensions of the BWB aircraft. 

 

Table 2. Initial BWB aircraft dimensions 

Airfoil Type NACA0015 

Wing Span (m) 24 

Root Chord Length (m) 22.14 

Inboard Chord Length (m) 15.12 

Outboard Chord Length (m) 4.84 

Tip Chord Length (m) 2.77 

Dihedral Angle 3° 

Sweep Angle 37° 

Fuselage Span (m) 12 

Span Distance from Root Chord to Inboard Chord (m) 6 

Span Distance from Inboard Chord to Outboard Chord (m) 8 

Span Distance from Outboard Chord to Tip Chord (m) 10 

Winglet Height (m) 3 

 

 With the initial dimensions specified, a rough BWB dimension could be modeled and leveraged for 

parameterization. 



Parameterization of Geometry of BWB 

 

Parameterization of the Geometry of a Blended-Wing-Body Morphing Wing 13 

 

 

 

Figure 9. Flowchart for Modeling the Geometry of the Morphing BWB aircraft 

 

Description of the Steps and the Parameterization involved 

Location of the fuselage: This step is carried out to create the reference coordinate system for the 

CAD model and is basically the position of the fuselage. It is fixed and doesnôt have to be changed or 

shifted around. 

Locate origin for root section relative to fuselage: The root sections are roughly where the wings will 

start on a Blended Wing Body aircraft. These sections will remain fixed and are not parameterized to 

morph. The airfoil description itself can of course be changed. 

Create standardized airfoil 
profile based on NACA standards 

Locate origins for the various wing sections 
at specified sweep angle, span length, and 
dihedral elevationrelative to root section  

Use the standardized airfoil profiles for 
both wing and fuselage sections

Specify twist angle to represent 
morphing of the BWB

Create the BWB surface that passes 
through the both wings (left and

right) and the fuselage

Join the leading and trailing edges 
while maintaining G1 continuity

Locate fuselage origin

Locate origin for root section
relative to fuselage 
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Locate origins for the various wing sections at specified sweep angle, span length and dihedral 

elevation relative to root section: These origins are located on both sides of the fuselage for the two 

wings. Their location will be parameterized. Thus, the relative span between different sections of the wing 

can be changed using a set of parameters. In addition their locations will depend on the sweep angle and 

the dihedral angle of the aircraft. 

 Create standardized airfoil profile based on NACA standard: The standard airfoil descriptions used 

in this project are the NACA airfoil equations. (Reference). These equations are analytical equations 

which are controlled by four parameters, viz. the chord length, maximum thickness, location of maximum 

camber and maximum camber. All the airfoil sections in the CAD model will be defined by the 

standardized airfoil profile described here.  

Use the standard airfoil profiles for both the wing and fuselage sections: As pointed out in the last 

step, the airfoil sections will be described using a standardized NACA equation. These are implemented 

for the fuselage and the root sections in this step. 

Specify twist angles at the other wing sections to enable morphing by twist: The other wing sections 

for both wings need to possess the ability to morph by twisting about the leading edge. In order to satisfy 

this requirement, parameters are introduced in the way of the twist angles for each of these sections. 

These sections are also defined by the NACA standard equation. 

Join the leading and trailing edges while maintaining G1 continuity: After all the sections are 

defined, the leading and trailing edges are joined together using G1 continuous curves. 

Create the BWB surface that passes through all the sections in both the wings and the fuselage: The 

surface is now created and requires no additional parameterization, since it is based on the airfoil sections 

which are fully parameterized. 

 

6 Parameterized Model in Pro/Engineer  

6.1 Top-Down Assembly of BWB Model 

The parameterization method discussed in the previous section is implemented in Pro/Engineer 

Wildfire 3 to create an assembly model of the geometry of the BWB. Since the complete aircraft is one 

smooth surface, a bottom-up approach to modeling is not feasible since the surface characteristics of the 

individual components are interlinked. For instance, a change in sweep angle and span for the inboard 

section affects both the fuselage and the wing surface. Consequently, a top-down approach is needed in 

which all of the geometry is controlled by a single model. However, there are two main aspects of the 

aircraft that need to be parameterized: the locations of the different sections and the airfoil profile used at 

each section. Therefore, the geometry is controlled by two models ï the skeleton references the airfoil 

profiles while the components reference the skeleton model.  These aspects are discussed in more detail in 

the following sections. 

6.2 NACA Airfoil Profile 

The four-digit NACA airfoil series is used to model the different sections of the BWB aircraft. The 

model is parameterized through the use of Datum curves that are driven by equations and parameters. At 

the top-level, four parameters: maximum camber, position of maximum camber, maximum thickness, and 

chord length control the airfoil profile. The four digits correspond to the three parameters, as shown in 

Figure 10. 
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Figure 10. Parameters for the NACA 4-digit airfoil 

Based on these parameters, equations are used to define the camber as well as the points along the 

airfoil, for the top and bottom. Since logical statements (iféelse conditions) are not allowed in datum 

equations, four curves are created for the airfoil section, two for the top and two for the bottom. The 

equation driven NACA airfoil is shown in Figure 11. 

 

 

Figure 11. NACA airfoil implement in Pro/E 

As an example, the equations used to create the airfoil profile from ὼ= 0 ὸέ ὼ= ὴ (point of 

maximum camber; second digit in 4-digit specification) are presented below. Similar equations are used 

to define the remaining three sections for the airfoil as well as the two curves for the camber line. 

NACA 4-digit profile:

4330

Publish Geometry
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Since all the sections of the aircraft utilize NACA airfoils, duplicate models are not created for each 

section. Instead, multiple instances are created of the same NACA airfoil model, with different parameter 

values for each instance. In this way, the same model is used for each section and managing changes in 

the model becomes easier. A family table is used to create the multiple instances, as shown in Figure 12. 

 
Figure 12. Family table of NACA airfoils for the BWB morphing wing 

As a final step, the publish geometry feature is used to make the airfoil profile available to external 

models (Figure 11). Thus, with the airfoil profile paramterized, it is possible to create the skeleton model, 

which will serve as the driver for the top-down assembly.  

/* For cartesian coordinate system, enter parametric equation 
/* in terms of t (which will vary from 0 to 1) for x, y and z
/* For example: for a circle in x-y plane, centered at origin
/* and radius = 4, the parametric equations will be:
/*           x = 4 * cos( t * 360 ) 
/*           y = 4 * sin ( t * 360 ) 
/*           z = 0 
/* -------------------------------------------------------------------
c = chord_length
m = 0.01 * camber_max
p = 0.1 * camber_max_pos
t_max= 0.01*thickness_max
x_c= p*t
y_c= m/(p+1e-9)^2*(2*p* x_c - x_c^2)
y_t= t_max/0.2 * (0.2969*x_c^.5 - 0.1260*x_c- 0.3516*x_c^2 + 0.2843*x_c^3 - 0.1015*x_c^4)
dyc_dxc= m/(p+1e-9)^2*(2*p - 2*x_c)
theta = atan(dyc_dxc)
x_u= x_c- y_t*sin(theta)
y_u= y_c+ y_t*cos(theta)
x = x_u* c
y = y_u* c Plot points 

Use parameters to 
define variables

Define camber points

Define airfoil points
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6.3 Skeleton Model 

The skeleton model contains all of the defining characteristics for the wings and the fuselage. Both 

wings of the BWB consist of six controlling sections: Root, inboard, outboard, tip, winglet1 and winglet2 

sections. Since the BWBôs fuselage generates lift, the section is also modeled as a NACA airfoil profile. 

 

Figure 13. Airfoil instances used in the BWB morphing wing 

Each section is controlled through parameters. For instance, the inboard section is controlled through 

four parameters and relations, as shown in Figure 14. Similarly, parameters and relations are used to 

define the locations for all of the remaining sections. The complete listing of relations and parameters is 

provided in the appendix. 

 

Root

Inboard

Outboard

Tip

Winglet1

Winglet2

Fuselage


































































