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ABSTRACT 

 
This paper presents the conceptual design of a new two-seater 

Hoverwing, a Wing-in-Ground (WIG) craft, developed to advance the 

capabilities of ground-effect vehicles. The design process adheres to a 

structured systems engineering approach, utilizing tools such as Affinity 

Diagrams, Tree Diagrams, FAST Diagrams, and Quality Function 

Deployment (QFD) to guide development. A Morphological Matrix 

generated six potential design solutions, refined through Pugh Matrix 

analysis, with the final design chosen for its optimal aerodynamic 

performance, especially minimal center of pressure (COP) migration, 

determined through XFLR5 software simulations. The Hoverwing's mission 

profile includes personal recreation, coastal transport, and pilot training, 

offering a versatile platform for various applications. Key specifications 

include a weight range of 500-600kg, operating speeds between 120-150km/h, 

a range of 250-300km, and an endurance of 3-4 hours. This design ensures 

stable and efficient flight in ground effect zones while providing necessary 

control and stability for pilot training. The final design meets criteria for 

safety, performance, and fuel efficiency, marking a significant advancement 

in small-scale WIG craft. 

  

Keywords: WIG craft, center of pressure, design process, systems 

engineering and pilot training vessel 

 

I. INTRODUCTION 
 

Wing-in-ground-effect (WIG) crafts utilize ground 

effect—aerodynamic phenomena that allow efficient low-

altitude flight, especially over water. By improving the lift-

to-drag ratio, WIG crafts achieve increased fuel efficiency 

and smoother dynamics during takeoff and landing. 

However, WIG crafts face unique challenges related to 

stability and control near surfaces, requiring 

comprehensive design integrating aerodynamic analysis 

and systems engineering. 

This paper outlines the conceptual design of a two-

seater Hoverwing WIG craft, fulfilling mission profiles 
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such as personal recreation, coastal transport, and serving 

as a training platform for WIG pilots. Rooted in systems 

engineering, the design process addresses customer needs, 

defines functional and performance requirements, and 

systematically validates each decision against mission 

objectives. 

Key performance parameters for the Hoverwing 

include an estimated weight of 500-600kg, an operating 

speed of 120-150km/h, a range of 250-300km, and an 

endurance of 3-4 hours. These specifications make the 

craft suitable for medium-range coastal transport, with 

sufficient flexibility for pilot training. 
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The design process follows the systems engineering 

V-model, progressing from identifying stakeholder needs 

and requirements through design synthesis, analysis, and 

verification. Utilizing tools like Affinity Diagrams, Tree 

Diagrams, and Quality Function Deployment (QFD), the 

functional and performance requirements were defined. 

After initial requirements were established, a 

Morphological Matrix generated six potential solutions, 

further evaluated through Pugh Matrix analysis. The final 

design, chosen for its minimal center of pressure migration, 

was verified through XFLR5 aerodynamic simulations. 

These systems engineering approach ensures the 

Hoverwing meets mission requirements and optimizes 

efficiency and stability in ground-effect conditions, 

serving as an ideal platform for training new pilots and 

advancing WIG technology. 

WIG crafts are a unique type of aircraft that capitalize 

on a phenomenon called ground effect to achieve efficient 

flight close to surfaces like water. This translates to 

benefits like improved lift-to-drag ratio during takeoff and 

landing, something familiar to airplane pilots. WIG craft, 

with their distinct features like large, low-aspect-ratio 

wings and tail fins [1], have been around since the 1960s 

[2], with companies like Boeing even exploring their 

potential for large-scale transport. 

However, the development of WIG craft faces 

significant challenges. Their complex nature requires a 

systematic approach that combines aerodynamic 

investigation [3] and system engineering to assess risks 

and determine viability. Research has focused on 

enhancing altitude control [4], predicting effect forces, and 

refining aerodynamics. Initially, commercialization 

appears more feasible for smaller WIGE craft, whose 

success could pave the way for larger-scale models in the 

future [5]. This revised version emphasizes the potential of 

WIG craft as a niche transportation solution while 

acknowledging the development and commercialization 

challenges. It highlights the focus on smaller WIG craft as 

a potential steppingstone toward broader adoption [6]. 

This paper presents the advancement of WIG craft by 

outlining a design process for a two-seater Hoverwing 

WIG craft. The preliminary design process employs the 

Four Ws, Affinity Diagram, Tree Diagram, FAST Diagram, 

and QFD Diagram. A Morphological Matrix was then used 

to assess potential design solutions, resulting in six design 

options developed using matrix criteria. The solutions 

were visualized in sketches, and a final design decision 

was made using a Pugh Matrix. Based on COP migration 

analysis conducted with XFLR5 software, Design 

Solution Three exhibited the lowest COP migration, 

solidifying it as the optimal choice. 

 

II. DESIGN PROCESS 

 
Table1 shows the Four Ws (Who, What, Where, and 

Why), which establish the fundamental considerations for 

WIG craft. Graham Taylor’s 2003 [7] study highlighted 

the significant hydrodynamic challenges WIG crafts face 

during takeoff, leading to reduced efficiency and increased 

power consumption, thereby impacting investment and 

maintenance costs. In 2020, Rattapol Sakornsin et al [8] 

emphasized the importance of addressing longitudinal 

stability issues in WIG crafts to enhance safety and 

facilitate the growth of a new aerospace-marine industry 

focused on aircraft designed to operate both within and 

outside ground effect zones. 

 

2.1 AFFINITY DIAGRAM 

Figure 1 (the Affinity Diagram) illustrates the 

relationship between customer requirements and 

functional requirements. Customer requirements are the 

features and capabilities that customers expect the 

Hoverwing craft to possess. 

 

Table 1 Four W (Who, What, Where and Why) to established the fundamental issue of WIG craft 
 

WHO is affected by 

the problem? 

WHAT is the problem and 

how did It arise? 

WHERE is it worth saving the 

problem? 

WHY is it worth solving 

the problem? 

Pilots and 

passengers 

No Commercial Transport like 

conventional Aircraft 

High lift by maximizing the 

WIG craft payload to 

accommodate larger amount of 

seater [7] 

New aerospace industry 

segment for special aircraft 

which is uniquely designed 

to operate in the ground 

effect environment 

Company owners 

and Investors 

High Power to take off due to 

Hydrodynamic drag                                                                                                                                                                                                                                                                

which affects investment and 

maintenance cost [7] 

Reduced drag by minimizing 

the operational power 

requirement of current WIG 

Craft configuration [9] 

Reduce investment and 

operational Cost 

Engineering 

Development Team 

Instability of the WIG craft due 

to high pressure in ground 

effect (IGE), when transiting 

from IGE to out of ground 

effect (OGE) which cause the 

WIG craft to back flip and 

crash 

Solve the longitudinal stability 

issue of WIG Craft [8] 

Increase safety 
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Figure 1 The Affinity Diagram method of two seats Hoverwing Craft 
 

 

The functional requirements are the technical 

specifications that the Hoverwing craft must meet to 

satisfy customer needs. Customer requirements are 

divided into three categories: efficiency, safety, and 

performance. Functional requirements, in turn, are 

organized into three categories: high payload, high 

buoyancy, and high flight capabilities. 

Customers expect the Hoverwing craft to perform 

well in terms of fuel consumption, space utilization, and 

safety. To meet these needs, the functional requirements 

include low drag, high lift, moderate speed, customizable 

design, stable pitch, and adequate ground clearance. 

Additionally, customers prioritize operational safety, 

which is addressed by ensuring stable pitch in the 

functional specifications. 

The Hoverwing craft is also expected to support a 

high payload capacity. Functional requirements to achieve 

this include an optimized airfoil profile and sufficient 

lifting surface area. 

 

2.2 TREE DIAGRAM 

The Tree Diagram (Figure 2) illustrates the 

relationship between customer requirements and 

functional requirements for the new Hoverwing craft. 

 

 
 

Figure 2 The tree diagram method of Hoverwing Craft 
 

The functional requirements specify the capabilities 

that the Hoverwing craft must possess. First, the 

Hoverwing craft must have sufficient lifting surface area 

to generate the lift required for takeoff and flight. 
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Additionally, it must be capable of carrying a high payload 

or weight [10] Fuel efficiency is another critical 

requirement, which can be achieved with an airfoil profile 

designed to generate high lift. The craft must also have 

high buoyancy to float on water and the capability to hover 

in the air. 

In terms of safety, the Hoverwing craft must be stable 

and safe to operate, achievable through a stable pitch or a 

low angle of attack [11]. It should also be capable of 

reaching high speeds. Finally, the Hoverwing craft 

requires control surfaces to enable maneuverability. 

Customer requirements include low drag, high lift, high 

flight capability, and overall performance. The craft should 

minimize drag to conserve fuel, generate enough lift for 

takeoff, and be able to reach sufficient altitude to avoid 

obstacles. Additionally, it should achieve a reasonable 

operating speed and meet the two-seater requirement for 

personal use [12]. 

 

2.3 FAST DIAGRAM 

Figure 3 shows the FAST diagram of the new two-

seater Hoverwing craft, illustrating how the different 

components work together to achieve its desired functions. 

 

 
Figure 3 The Functional Analysis System Technique of Hoverwing Craft 

 

 

The diagram is divided into two main sections: 

“HOW” and “WHY”. In the “WHY” section, elements 

like wingtip design, double wings, power increase, and a 

large stabilizer are included to meet the requirement for 

sufficient lifting surface area. This area, along with a fixed 

airfoil, supports the need for a high payload capacity, 

which is a driving factor in the development of a new 

Hoverwing craft. 

In the “HOW” section, achieving a high flight 

capability in the Hoverwing requires investigating COP 

migration and optimizing control surfaces. This leads to 

considerations such as incorporating a canard, selecting a 

low aspect ratio (AR) [13], and choosing the appropriate 

airfoil—all necessary for investigating and managing COP 

migration. 

 

2.4 QUALITY FUNCTION DEPLOYMENT 

MATRIX 

The Quality Function Deployment (QFD) matrix [14] 

in Figure 4 shows the priority ranking of various customer 

requirements for a new type of WIG craft, referred to as a 

Hoverwing craft. These priority ranks are based on the 

weighted importance score of each requirement, 

calculated by multiplying the customer importance rating 

by the technical importance rating. The weights are 

categorized as 9, 3, and 1, indicating strong, moderate, and 

weak relationships, respectively. 

For example, the relationship between low drag and 

lifting surface area has a strong rating of 9. While a large 

wing area is essential for generating lift, it also inherently 

increases drag. Reducing the wing size can decrease drag 

but at the expense of lift. Similarly, the relationship 

between high lift and lifting surface area is rated strong at 

9 due to the direct correlation between a larger lifting 

surface and greater lift generation, as it provides more 

“real estate” for airflow, leading to a significant lift 

increase. 

The placement of that wing area relative to the center 

of gravity is more critical.  Even a smaller wing can be 

designed for good stability if the center of lift is positioned 

correctly. The relationship between height from level 

ground and lifting surface area in aerodynamics is strong 

9 because of ground effect, the presence of the ground 

alters airflow patterns and can increase lift for aircraft. The 

effect of lift increment also increased as the lifting surface 

area increase in ground effect condition. The relationship 

between aircraft speed and lifting surface area in 

aerodynamics is weak 1 due to although wing area does 
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influence airspeed for generating lift, but it's not a 

perfectly proportional relationship While a larger wing 

area inherently generates more lift, it also creates more 

drag. To achieve a specific amount of lift at a desired cruise 

speed, an aircraft with a larger wing area might not need 

to fly as fast as an aircraft with a smaller wing area. 

The relationship between stable pitch and lifting 

surface area is also rated strong at 9 because the wing area 

plays a key role in pitch stability. However, having a large 

wing area alone doesn’t ensure good pitch stability; the 

placement of the wing area relative to the center of gravity 

(CG) is even more critical. Even a smaller wing can 

achieve good stability if its center of lift is properly 

positioned. 

 

The relationship between height above ground level 

and lifting surface area is also rated strong at 9. In ground-

effect conditions, proximity to the ground alters airflow 

patterns, which can increase lift. The lift effect is further 

enhanced as the lifting surface area increases in ground 

effect conditions 

In contrast, the relationship between aircraft speed 

and lifting surface area is rated weak at 1. While the wing 

area does influence airspeed in terms of lift generation, the 

relationship is not perfectly proportional. Although a 

larger wing area inherently generates more lift, it also 

creates additional drag. Consequently, an aircraft with a 

larger wing area may not need to fly as fast as one with a 

smaller wing area to achieve the same lift at a desired 

cruise speed. 

 

 

 

Figure 4 The Quality Function Deployment method of new two seats Hoverwing Craft 
 

 

The relationship between a two-seater aircraft and 

lifting surface area in aerodynamics is weak, rated at 1, as 

passenger capacity is a secondary factor. The number of 

seats only indirectly influences the weight. A two-seater 

aircraft can be light enough to fly efficiently with a 

proportionally smaller wing area than a larger passenger 

aircraft. There are also many two-seater aircraft designed 

for heavier occupants or additional cargo, which would 

require a larger wing area [15]. 

The relationship between a fixed airfoil profile and 

low drag is strong, rated at 9. This is because the fixed 

airfoil profile plays a critical role in determining how 

much drag an aircraft wing produces. By carefully 

designing the airfoil shape, engineers can significantly 

reduce drag and improve the aircraft's overall efficiency. 

Similarly, the relationship between a fixed airfoil profile 

and high lift is also strong, rated at 9, as the specific shape 

of an airfoil directly influences how much lift it can 

generate. Airfoils are designed to create a pressure 

difference between the upper and lower surfaces, with the 

curved upper surface and angled underside working 

together to create lift. 

The relationship between a fixed airfoil profile and 

how high a WIG craft can fly (altitude) in aerodynamics is 

weak 1. This is because one of the factors affecting WIG 

craft altitude from ground level is engine power. A WIG 

craft needs sufficient engine thrust to overcome drag and 

climb to altitude. A powerful engine can overcome the 

limitations of a less-than-optimal airfoil for high altitude 

flight. The second factor is wing design. While the airfoil 

profile is a part of wing design, other factors like wing area 

and aspect ratio also play a role. A large, high aspect ratio 
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wing can help an aircraft achieve higher altitudes by 

generating more lift at thinner air densities. The third 

factor is overall weight [16]. A lighter craft requires less 

lift to overcome gravity and can reach higher altitudes with 

a given engine and wing configuration. The relationship 

between a fixed airfoil profile and speed in aerodynamics 

is moderate, rated at 3, because the fixed airfoil profile 

plays a partial role in influencing an aircraft's speed 

capability. The optimal cruising speed for a particular 

aircraft is determined by the interplay between lift, drag, 

engine power, and overall aircraft design. The relationship 

between a fixed airfoil profile and a two-seater 

requirement in aerodynamics is weak, rated at 1. This is 

because the fixed airfoil profile is determined by the 

aircraft's weight and desired performance, rather than by 

the number of seats. The number of seats is a general 

classification and does not directly dictate a specific airfoil 

requirement. 

The relationship between hovering effect towards the 

low drag, high lift, stable pitch, height from ground level, 

speed and two-seater requirements varies depending on 

the specific factor. The first comparison (hovering effect 

and low drag) is strong 9. Hovering inherently requires 

constant power to maintain lift, which creates drag. Low 

drag isn't a primary concern for hovering. The second 

comparison (hovering effect and high lift) is moderate 3. 

Hovering requires significant lift to counteract gravity and 

stay airborne. The airfoil profile and flight controls are 

specifically designed to generate high lift at low airspeeds. 

The third comparison (hovering effect and stable pitch) is 

weak 1. While some level of pitch stability is desirable, it's 

not the most critical factor for hovering. Precise control 

inputs from the pilot are more important for maintaining a 

stable hover. The fourth comparison (hovering effect and 

high from level ground) is weak 1. Hovering can be 

achieved at various altitudes, but “ground effect" 

(increased lift due to ground proximity) can be helpful 

during low-altitude hovering [17], especially for Vertical 

Takeoff and Landing (VTOL) aircraft. However, hovering 

doesn't necessitate high altitude. The fifth comparison 

(hovering effect and speed) is weak 1. Hovering by 

definition requires minimal forward airspeed. Speed 

control is crucial for maintaining a stable hover. The final 

comparison (hovering effect and two-seater requirement) 

is moderate 3. The ability to hover is independent of the 

number of seats. Both single-seat and multi-seat VTOL 

aircraft can achieve hovering flight. 

The relationship between migration of COP towards 

the low drag, high lift, stable pitch, height from ground 

level, speed and two-seater requirements varies depending 

on specific context. The first comparison (COP and low 

drag) is strong 9. Drag is primarily influenced by the 

overall aircraft design [18] and airspeed. While COP shift 

can affect control forces, it also has a direct impact on drag 

such as induced drag. This drag is inherent to generating 

lift. As an airfoil creates lift, it also creates swirling airflow 

at the wingtips, which contributes to drag. Minimizing 

induced drag is a key goal in airfoil design and induced 

drag is reduced as aircraft transient into in ground effect 

zone. The second comparison (COP and high lift) is also 

strong 9. COP migration can directly affect lift. For 

example, high lift is generated by the design [19] of lifting 

surface to create more lift than their typical counterparts at 

a specific angle of attack and this has a significant impact 

on the migration of COP. This is crucial during takeoff, 

landing, and maneuvers. The third comparison (COP and 

stable pitch) is strong 9. This is a key relationship. An 

aircraft's stability relies on a predictable relationship 

between the COP location and the center of gravity (CG). 

If the COP migrates [20] significantly relative to the CG, 

it can lead to pitching moments that require pilot input or 

control system adjustments to maintain stable flight. The 

fourth comparison (COP and height from ground level) is 

strong 9. COP migration is dependent of altitude.  

Ground effect can influence airflow patterns near the 

ground, and it also can directly cause significant COP shift 

when out of ground effect along with a drastic change in 

lifting surface angle of attack. The fifth comparison (COP 

and speed) is moderate 3. Airflow characteristics can 

influence COP location. At higher speeds, the COP tends 

to move slightly forward compared to slower speeds. 

However, wing design and angle of attack play a more 

significant role in COP location than airspeed itself. The 

final comparison (COP and two-seater requirement) is 

weak 1. The number of seats doesn't directly affect COP 

migration. The aircraft’s overall weight distribution is the 

primary factor. A two-seater aircraft can be well-balanced 

with a minimal COP shift, and a larger multi-seater aircraft 

might experience more prominent COP migration 

depending on loading configuration. 

The relationship between migration of control 

surfaces [21] towards the low drag, high lift, stable pitch, 

height from ground level, speed and two-seater 

requirements varies depending on specific factors. The 

first relationship (control surfaces and low drag) is 

moderate 3. Control surfaces like ailerons can be used for 

drag control to an extent. By adjusting the angle of ailerons 

slightly, pilots can induce a small amount of asymmetry in 

lift, which can be used to counter inherent drag caused by 

other factors like the fuselage or tail design. However, 

minimizing drag is more about the overall aircraft shape 

and wing profile. The second relationship (control surfaces 

and high lift) is strong 9. Control surfaces like flaps and 

slats are specifically designed to increase lift. By 

deploying these high-lift devices, the curvature of the wing 

is effectively increased, allowing for more lift generation 

at lower airspeeds, particularly during takeoff and landing. 

The third relationship (control surfaces and stable pitch) is 

strong 9. Control surfaces like elevators are crucial for 

maintaining pitch stability. By adjusting the elevator pitch 

[22], pilots can modify the angle of attack of the horizontal 

stabilizer, which generates a balancing moment to 

counteract pitching tendencies caused by wind gusts or 

maneuvers. The fourth relationship (control surfaces and 

height from ground level) is weak 1. Control surfaces 

themselves don't directly affect how high an aircraft flies. 

Altitude is achieved through a combination of factors like 

engine thrust, wing design for lift at cruising altitude, and 

pilot control of airspeed and climb rate. The fifth 

relationship (control surfaces and speed) moderate 3. 

While not the primary function, control surfaces can 

influence airspeed indirectly. Ailerons [23] can be used for 
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slight speed adjustments by inducing drag.  

Similarly, trimming the aircraft with elevators can 

affect overall drag, which can have a secondary effect on 

airspeed. The final relationship (control surfaces and Two-

Seater Requirement) is weak 1. The number of seats on an 

aircraft doesn't influence the control surfaces themselves. 

The control surfaces are designed based on the overall 

aerodynamic properties of the aircraft, including its weight, 

wing design, and center of gravity location. A two-seater 

aircraft and a larger aircraft would likely have different 

sized control surfaces due to their varying weight and 

aerodynamic needs, but the basic principles of how the 

control surface function remain the same. Based on 

exploration of various aerodynamic concepts, it can be 

concluded that understanding the relationships between an 

aircraft's design and its flight characteristics is crucial. The 

top three priorities are low drag, high lift, and stable pitch. 

These priorities reflect the importance of these factors in 

ensuring the efficiency, performance, and safety of the 

crafts. Low drag is essential for the crafts to achieve high 

speeds and efficiency. Hoverwing crafts operate on the 

ground effect, which reduces drag, but they still face 

aerodynamic resistance. By designing the crafts with low 

drag features, such as a streamlined shape and efficient 

hovering system, fuel consumption can be reduced and 

aircraft performance can be improved.  

 

Table 2 The Morphological chart method of two seats Hoverwing Craft 
 

Solution 

Function 
Solution 1 Solution 2 Solution 3 Solution 4  

Lifting Surface 

Area 
Double Wing 

Large Tail 

Stabilizer 
Increase Power 

Wingtip, Flap, 

Aileron 
 

Fixed Airfoil 

Profile 
Airfoil Selection Airfoil Design    

Hovering Effect Soft Catamaran Hard Catamaran Vertical Lift   

Migration Of 

COP 
Airfoil Selection Low Aspect Ratio Canard   

Control Surfaces 
Wing Aileron & 

Flap 

Tail Flap & 

Rudder 
   

Function 
Lifting Surface 

Area 

Fixed Airfoil 

Profile 
Hovering Effect 

Migration Of 

COP 

Control 

Surfaces 

Design Solution 

1 
Increase Power Airfoil Design Vertical Lift Canard 

Tail Flap & 

Rudder 

Design Solution 

2 
Double Wing Airfoil Selection Soft Catamaran Canard 

Tail Flap & 

Rudder 

Design Solution 

3 
Double Wing Airfoil Selection Hard Catamaran 

Low Aspect 

Ratio 

Wing Aileron 

& Flap 

Design Solution 

4 

Wingtip, Flap, 

Aileron 
Airfoil Design Vertical Lift 

Low Aspect 

Ratio 

 

Wing Aileron 

& Flap 

Design Solution 

5 
Double Wing Airfoil Design Soft Catamaran Canard 

Tail Flap & 

Rudder 

Design Solution 

6 
Increase Power Airfoil Selection Hard Catamaran 

Low Aspect 

Ratio 

Wing Aileron 

& Flap 

 

 

High lift is also essential for Hoverwing crafts to take 

off and maintain flight. The crafts operate on the ground 

effect, which provides additional lift, but they still need to 

generate enough lift to fly. By designing the crafts with 

high lift features, such as large wing area and efficient 

airfoils, required takeoff speed can be reduced and aircraft 

payload capacity can be increased. Stable pitch is essential 

for the Hoverwing crafts to maintain safe and controlled 

flight. The crafts can experience pitch instability due to the 

ground effect, which can lead to loss of control and crashes.  

By designing the crafts with stable pitch 

characteristics, the risk of pitch instability can be 

minimized and overall safety can be improved. The other 

customer requirements, such as two-seater and speed, are 

also important, but they are not as critical as the top three 

priorities. This is because two-seater accommodation and 

speed can be improved to some extent through design 

optimization, but low drag, high lift, and stable pitch are 

fundamental requirements that must be met for WIG crafts 

to be successful. 
 

2.5 MORPHOLOGICAL CHART 

The Morphological chart shows in Table 2 indicates 

the various design solutions for a new type of Hoverwing 

craft. Design Solution 1 focuses on maximizing hovering 

effect and reducing COP migration. The vertical lift design 
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provides a strong ground effect, which allows the 

Hoverwing craft to fly at very low altitudes, without 

stalling. The large tail stabilizer helps to keep the 

Hoverwing craft stable in pitch. The canard [24] helps to 

reduce COP migration.  

Design Solution 2 focuses on reducing wing area and 

improving efficiency. To improve lifting capacity while 

minimizing wingspan, this design solution adopts a 

double-wing configuration (hull and wing), similar to 

Design Solutions 3 and 5. Unlike other design solutions, 

this approach leverages the hull as an additional lifting 

surface [25]. Other than that, the soft catamaran hull 

provides lightweight and flexible concept, which reduces 

drag. The flap and aileron controls help to improve 

maneuverability.  

Design Solution 3 is similar to Design Solution 2, 

but with a hard catamaran hull. The hard catamaran hull is 

more structurally rigid, which makes it better suited for 

rough seas.  

Design Solution 4 focuses on improved 

maneuverability. The low aspect ratio wing reduces drag 

and increase speed at low speed. The increased power 

allows the Hoverwing craft to fly at higher speeds. The 

flap and aileron controls also assist to improve 

maneuverability.  

 

 

 
 

  

 

 

 

 
 

 

 

 
 

 

Figure 5 The six design solution concept of Hoverwing Craft derived from morph matrix 
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Design Solution 5 is similar to Design Solution 2, 

but with a lower wing aspect ratio. The lower wing aspect 

ratio reduces COP migration and improves longitudinal 

stability.  

Design Solution 6 focuses on reducing structure 

weight. The hard catamaran hull is lighter than a soft 

catamaran hull. The reduced structure weight improves 

performance and efficiency. The best design solution for a 

new Hoverwing craft will depend on the specific 

requirements of the application. For example, if the 

Hoverwing craft is designed for passenger transport, then 

Design Solution 1 or Design Solution 2 may be the best 

choice. If the Hoverwing craft is designed for cargo 

transport, then Design Solution 3 or Design Solution 4 

may be the best choice. If the Hoverwing craft is designed 

for maritime patrol, then Design Solution 5 or Design 

Solution 6 may be the best choice. Figure 5 shows the 

design solution conceptual design. 

Based on the total scores in the Pugh analysis matrix 

shown in Figure 6, Design Solution 3 is the best option, 

achieving the highest total score of 42, followed by Design 

Solution 6 (38), Design Solution 1 (32), Design Solution 

5 (32), Design Solution 4 (30), and Design Solution 2 (-

14). Design Solution 3 scores well across all evaluation 

criteria except for speed, with the highest ratings in low 

drag, high lift, stable pitch, and the two-seater requirement. 

Design Solution 6 also performs well overall, though 

it scores slightly lower than Design Solution 3, 

particularly in two-seater requirements. Design Solution 

1 scores well in low drag, high lift, and speed, but has 

lower ratings in pitch stability and overall performance. 

Design Solution 4 performs well in altitude from ground 

level, high lift, and stable pitch but scores lower in speed 

and the two-seater requirement. Design Solution 5 also 

has strong scores in low drag, high lift, and altitude, but 

scores lower in speed and pitch stability. Solution 2 has 

the lowest total score of -20, with low scores across most 

evaluation criteria except for low drag. 

In summary, Design Solution 3 emerges as the best 

option based on the Pugh analysis. It achieves strong 

scores across all evaluation criteria and stands out as the 

most balanced and high-performing choice. 

 

 

 
Figure 6 The PUGH Matrix of Hoverwing Craft 

 

III. ANALYSIS 
 

Figure 7 represents a comparative analysis of COP 

migration for six different airfoil configurations on a WIG 

craft using XFLR5 software. As the angle of attack (AOA) 

increases, all configurations exhibit a general upward 

trend in COP migration, indicating a rearward shift of the 

COP. This can influence stability and control surface such 

as flap and aileron on wing [3]. Among the configurations, 

Final Iteration N0012 demonstrates the least COP 

migration, suggesting potential advantages in terms of 

stability and control. Conversely, Final Iteration AWIG 

exhibits the most significant COP migration, which could 

pose challenges in maintaining control at higher AOAs. 

The remaining configurations (Final Iteration Flat, 

DHMTU, N4412, and Clark Y) show intermediate levels 

of COP migration. The choice of airfoil configuration has 

implications for WIG craft design. Low COP migration 

configurations may offer enhanced stability and control 

but potentially compromise lift or increase drag. In 

contrast, high COP migration configurations could provide 

higher lift coefficients but require more complex control 

systems to manage stability. 

Figure 8 illustrates the final design selected using the 

established design methodology. The Final Iteration 

NACA 0012 airfoil emerged as the preferred choice for the 

Hoverwing WIG craft design. The wing span is 1.02m, 

wing area is 0.603m², chord length is 1m, mean 

aerodynamic chord is 0.705m, the aspect ratio is 1.699, 

take off velocity is 25m/s, CL is 0.387 and CD is 0.029. 

Weight 
(1 being least 

important, 10 

being most 

important)

Design 

Solution 1

Design 

Solution 2

Design 

Solution 3

Design 

Solution 4

Design 

Solution 5

Design 

Solution 6

8 1 1 1 -1 1 1

8 1 -1 1 1 1 1

10 1 -1 1 1 0 1

10 0 -1 1 1 1 1

6 1 1 1 1 1 1

4 0 0 0 1 0 -1

Total "1s" 4 2 5 5 4 5

Total "0s" 2 1 1 0 2 0
Total "-1s" 0 3 0 1 0 1
Total 32 -14 42 30 32 38

Speed

Summary Table

Pugh Matrix Hoverwing

Critical Quality

Low Drag
High Lift

Stable Pitch

Two Seater

Height From Level 
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The aspect ratio is within the typical conventional range 

for WIG [1] is which is from 1.5 to 4. Its superior stability 

and control characteristics, demonstrated by minimal COP 

migration across the tested AOA range, significantly 

contribute to the overall safety and performance of the 

aircraft. This selection aligns with the design objectives of 

ensuring reliable and predictable flight behavior, 

especially in challenging operating conditions. While 

other configurations offered potential advantages in 

certain areas, the NACA 0012's balanced performance and 

robust stability made it the most suitable option for this 

application. 

 

 
 
Figure 7 COP migration percentage of the final design selection configurations via six types of airfoils 

 

 

 
 

Figure 8 the final design selected using the established design methodology
 

 

IV. FINALIZING AND CONCLUSIONS 
 

The methodology outlined previously is a step-by-

step process for designing and developing a new two-

seater Hoverwing craft. It begins with the design process 

to determine a suitable design solution for the new two-

seater Hoverwing. The initial design stage leverages 

several tools like the four Ws, Affinity diagrams, Tree 

diagrams, FAST diagrams, and QFD diagrams to gather 

ideas and prioritize design goals. A Morphological Matrix 

helps evaluate different design solutions for the two-seater 

Hoverwing. This process generates six potential designs 

based on the established criteria. Sketches are created to 

visualize these options, and the final design selection is 

made using a Pugh Matrix for comparative evaluation. 

Finally, based on the minimum center of pressure 
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migration analysis conducted in XFLR5 software, design 

solution 3 have the lowest COP migration and further 

establish the design selection criteria. 

The technical specifications of the benchmark model 

for the current two-seater Hoverwing design are outlined 

as follows: 

• Weight: Estimated between 500-600 kg, ensuring the 

craft is light enough for efficient ground-effect 

operation. 

• Operating Speed: Between 120-150 km/h, optimized 

for both recreational use and pilot training. 

• Range: Approximately 250-300 km, making it 

suitable for medium-range coastal transport and 

extended training sessions. 

• Endurance: 3-4 hours at optimal cruising speed, 

providing sufficient flight time for various mission 

profiles. 

• Wing Span: 5.10 meters with a 15.58 m² wing area, 

designed to maximize lift in ground effect. 

• Takeoff Velocity: 25 m/s, ensuring quick and efficient 

takeoffs from both land and water. 

• Airfoil: NACA 0012, chosen for its minimal center of 

pressure migration, contributing to stable and 

predictable flight performance. 

These specifications ensure the Hoverwing's functionality 

as a versatile WIG craft, suited for training pilots, 

recreational use, and coastal transport. 
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