
 

 

© 2021 IJSRET 
1883 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 7, Issue 3, May-June-2021, ISSN (Online): 2395-566X 

 

 

Design and Simulation of VTOL Stealth Bomber 

Controlled by Artificial Intelligence 
Shashank Sundar 

MSc Aerospace Technologies,  
University of Nottingham, UK  

Shan011996@gmail.com

 
Abstract-  This project aims to design, engineer and test a new variant of vertical take-off and landing aircrafts. The 

implementation of a new design of VTOL engine and supporting machinery in a stealth bomber along with transfer of control 

from user to artificial intelligence using neural networks and AI processors. The project aims to close the gap between machine 

learning and aviation system along with providing a new strain of stealth aircrafts for modern combat operations. The use of 

SolidWorks to design the aircraft and Ansys simulation for the testing provided with valuable results that would prove 

successful in real time application and practice. 
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I. INTRODUCTION 
 

Helicopters and conventional aircrafts have served the 

need for flight over a long period of time, like all 

inventions they too have their own shortcomings. While 

the conventional aircrafts such as fighter jets, passenger 

aircrafts, cargo flights, stealth aircrafts etc have the ability 

to reach extreme speed and altitude and also possess the 

ability to carry heavy loads they tend to depend upon the 
need for take-off and landing with the help of a run way 

commonly termed as horizontal take-off and landing, 

whereas helicopters can take-off and land vertically 

without the need of a runway but they do not reach 

extreme speeds or altitude and cannot accommodate 

heavy loads generally[1-4]. 

 

Thus, the concept of Vertical take-off and landing flights 

comes into play, by making it possible for conventional 

aircrafts to take-off and land without the requirement of a 

runway a range of possibilities has risen. The most 
successful design of a VTOL aircraft would be the F-35 

Lightning II, which has been tested with success after the 

implementation of the VTOL engine. 

 

 
Fig 1. F-35 VTOL. 

The process of “vertical take-off and landing is possible 

through several methods such as tilting wing, thrust 
vectoring, tail sitter, flapping wing, tilting rotor, tilting 

fuselage, etc. The F-35 Lighting II is a classic example of 

thrust vectoring aircraft which is also a combat flight. The 

F-35[5]. can perform vertical take-off and landing due to 

the jet engines with combustion jet tubes. One major 

drawback with these aircrafts is that they are not suitable 

for civil and emergency extractions generally because due 

to the powerful engines the jet gas is extremely hot and 

harmful which can easily cause destruction to the ground 

environment or injure the bystanders. Another major 

concern would be the loss in efficiency when compared to 
conventional aircrafts or helicopters [6]. But with certain 

modifications to the design also implementing on a stealth 

aircraft will produce more positive results. 

 

As the name suggests thrust vectoring also known as 

thrust vector control (TVC), is the use of thrust from the 

engine to control and navigate the angular velocity or 

altitude of the vehicle by maneuvering the direction of 

thrust. With respect to rockets and missiles that generally 

fly outside the atmosphere here the aerodynamic control 

surfaces are completely ineffective and thus thrust 

vectoring becomes the primary method of altitude control. 
When aircrafts come into play the method was originally 

envisaged to administer upward vertical thrust to provide 

the aircraft vertical (VTOL) or short (STOL) take-off and 

landing ability.  

 

Later, it was realized that the use of vectored thrust in 

combat situations enabled the aircraft to perform various 

maneuvers not applicable to the conventional-engine 

flights. For aircrafts that use no thrust vectoring to 

execute turns they must solely rely on the aerodynamic 

control surfaces such as ailerons or elevator whereas 
crafts using thrust vectoring still use control surfaces, but 
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to a lesser extent. According to Russian sources [1] “in 

missile literature, thrust vectoring is often referred as gas-
dynamic steering or gas-dynamic control”. 

 

The current operational vectored thrust aircraft use 

turbofans that have rotating nozzles or vanes to control 

the direction of the exhaust stream. The maximum angle 

up to which this method can successfully tilt the nozzle or 

divert the stream is 90°, with respect to the aircraft centre 

line. But the engine should be sized for vertical lift, rather 

than conventional flight, which would result in a penalty 

for weight. The very hot exhaust will damage the runway 

surfaces due to which afterburning also known as Plenum 

Chamber burning, PCB, in the bypass stream becomes 
difficult to incorporate and is impractical for the purpose 

of take-off and landing thrust vectoring. Supersonic flight 

speeds are not a possibility without afterburning. This was 

the major reason for calling off a PCB engine, the Bristol 

Siddeley BS100 in 1965.  

 

The tiltrotor aircraft vector thrust through rotation of 

turboprop engine nacelles. The mechanical complexities 

in this design are quite a handful which includes the 

twisting of flexible internal components and driveshaft 

power transfer between the engines. The most recent 
tiltrotor designs feature two rotors in a side-by-side 

configuration and if such a craft is flown in a way where 

it enters a vortex ring state, one of the rotors will 

eventually always enter slightly before the other thus 

causing the flight to perform a drastic and unplanned roll. 

 

Deviation of the aircraft jets in some or all the pitch, yaw 

and roll directions will help to obtain thrust-vectoring 

flight control (TVFC). Complete directional control of the 

aircraft flight path without the implementation of the 

conventional aerodynamic flight controls (CAFC) is 

possible because of the creation of desired forces and 
moments due to the extreme deflection of the jets in yaw, 

pitch and roll.  

 

Holding of stationary flight in areas of the flight envelop 

where the main aerodynamic surfaces are stalled [7] is 

also made possible with TVFC. This includes control of 

STOVL aircraft during the hover also during the 

transition between hover and forward speeds below 50 

knots where the aerodynamic surfaces are ineffective [9].  

 

The ability to produce rolling moments may not be 
possible when vectored thrust control uses a single 

propelling jet, as with a single-engine aircraft. The 

afterburning supersonic nozzle where the nozzle functions 

are throat area, exit area, pitch vectoring and yaw 

vectoring is a classic example of this case.  

 

Four separate actuators control these functions [8]. 

Independent exit area control would not be possible with 

a simpler variant using only three actuators [8]. 

Agility and safety of the aircraft are maximized when 

CAFC is complemented by implementing it with a TVFC. 
When the CAFC malfunctions as a result of battle damage 

increased safe might occur [7].  

 

A range of nozzles both mechanical and fluidic may be 

applied to implement TVFC which includes convergent 

and convergent- divergent nozzles that may be fixed or 

geometrically variable and it also includes variable 

mechanisms within a fixed nozzle, such as rotating 

cascades [9] and rotating exit vanes [10]. that the 

geometry itself may vary from 2- D structure to 

axisymmetric or elliptic. The number of nozzles on a 

given aircraft to achieve TVFC will vary from one on a 
CTOL aircraft to a minimum of four in the case of 

STOVL aircraft [9].” 

 

II. AIMS & OBJECTIVES. 
 

1. Aims: 
The primary aim of this project was to design a stealth 

bomber which is to be designed with a compatible vertical 

take-off and landing engine, thus enabling the aircraft to 

hover vertically and as well as the name suggests 

performing vertical take-off and landing through vertical 

thrust without the need of a runway. The design of a new 

variant of engine is another significant aim of this project 

along suitable testing. The secondary aim of this project is 

to implement artificial intelligence to control the 

navigation and positioning of the aircraft. 

  

2. Objectives: 
The first requirement to design a 3D model of the aircraft 

is the use of a suitable designing software which also can 

run simulations such as SolidWorks. The next objective is 

to check for structural and aerodynamic properties using 

SolidWorks and Ansys simulation. The next objective is 

the selection of suitable processor and programming 

language to run the AI planning for the conversion of 

control to artificial intelligence. 

 

III. PROJECT PLAN 
 

The first process was to establish a base design to work 

with while designing the structure of the stealth aircraft. 

Once the Northman Grumman B-2 stealth bomber was 

selected as the structural base to work upon the next step 

was to create a suitable design that was aerodynamically 

precise and structurally stable to adapt to the vertical take- 

off and landing function.  
 

First a 2D structure of the outer frame of the aircraft was 

designed using SolidWorks designing software which was 

compared to the aerodynamic structure of the B2 bomber. 

Once the 2D structure was completed with specific 

dimensions it was modified into a 3D model by 

introducing a solid material modelling. The next process 

once the design of the aircraft was designed was the 
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selection and modification of an engine to be compatible 

for vertical take-off and landing as well as powerful 
forward thrust. Since the original F118 engine which was 

used for a B2 bomber did not satisfy the requirements the 

F135 which is being used in the F32 Lightning II was 

selected.  

 

The first roadblock in the designing of the engine was that 

the F135 was too large to be accommodated into the 

stealth aircraft that was designed, thus the idea of using 

the operational mechanism of the F135 into the outer 

body of the F118 came about. The F135 was 

deconstructed and built from scratch to be able to fit into 

the shell of the F118. Once the design of the new engine 
possessing vertical take-off and landing capability was 

designed the next step was the design and placement of 

the turbofans which were essential for the VTOL. The 

centre of gravity or centre of mass for the designed 

aircraft was obtained from the existing 3D model and 

equidistant from this point and the wing tip a construed 

cut of radius 3000 mm and thickness of the point of cut 

was performed successfully for the installation of the 

turbofans on either wing. 

 

Now using the same materials used for the body of the 
aircraft the turbofans were designed with spokes of length 

2400 mm the shaft radius of 400 mm and external 

surrounding sheet of 200 mm thickness. Next the VTOL 

engine and the turbofans were placed into the structure of 

the aircraft. The delay that was caused during the design 

of the engine was compensated in the time taken to design 

the turbofans than the implementation process.  

 

The next process was the simulation and testing which 

was done successfully within the pre-planned time frame. 

This was followed up by the artificial planning process 

and implementing the AI into the embedded system of the 
avionics system of the designed aircraft. The time frame 

is depicted in fig. 39. 

 

Fig 2. Timeline. 

IV. LITERATURE REVIEW 
 

“The short take-off capability is of cardinal importance 

for a fighter airplane to facilitate its functioning from 

short and damaged runways.” [17] The concept under 

study here depicts the need for vertical take-off and 

landing as an essential aspect in the field of aeronautics 

and aviation to improve the existing technology in order 

to advance it to modern requirements. “The take-off issue 
is drafted as an optimal control problem with appropriate 

restrictions.” [17].  

 

The conventional take-off required the need for a runway 

strip and high forward thrust which eventually leads to 

loss of efficiency. This is an existing issue which needs to 

be resolved in order to obtain efficient engines which 

would give the maximum thrust possible, this is 

achievable using VTOL technology in existing or new 

designs of aircrafts. “Thrust vector (TV) nozzles are being 

researched extensively for modern combat purposes.” 
[18]. Combat aircrafts such as the Lockheed Martin F35 

Lightning II has successfully implemented the use of 

tilting nozzle or thrust vectoring into effect by designing a 

tested and working design of a full range vertical take-off 

and landing combat plane. The use of this technological 

advancement into other variants of combat flight and 

stealth aircrafts is currently being achieved. 

 

 “The three variants of vector nozzles that are being used 

for TV propulsion are mechanical nozzle manipulation, 

secondary fluidic injection and exhaust flow deflection.” 

[19, 20, 21, 22]. The use of the three variants of the vector 
nozzles varies extensively in mechanism with the use of 

mechanical functions to rotate the nozzle, use of 

secondary thrust at a varied angle than the primary thrust 

and change of direction in exhaust flow.  

 

The mechanical nozzle manipulation is proven to provide 

with greater thrust than the other two variants to obtain 

required results. “The gross thrust produced (FG) at the 

nozzle is deflected by the vectoring. Hence, the 

components of the thrust are, 

 

 
Equation 1: Components of thrust. 

 

Where, m1 is the mass of air entering the engine and δptv 

is the pitch thrust vector angle.  

 

The pitching moment produced is 

 
Equation 2: Pitching moment 
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The engine gross thrust, FG = FS+m1V1, where the 

momentum of the inlet air is small at low speeds such as 
during take-off.” [23]. The above equations are used to 

determine the required thrust for the aircraft that is 

considered for the implementation of VTOL. 

 

“For unmanned aerial vehicles (UAVs), vector nozzles 

have been proved to possess more practical applications 

than traditional aircraft as they have the ability to 

significantly improve the manoeuvrability without the 

need for human piloting impacting or limiting operation 

performance.” [24, 25]. “However, little research has 

been devoted to the study of TVC to novel jet UAVs. 

Vinayagam and Sinha have proposed a TVC control 
strategy for mechanical canted nozzle-based jet aircraft-F- 

18/ HARV and have assessed its velocity vector roll 

(VVR) manoeuvrability.”[26]  

 

The required research for the implementation of VTOL 

has been understudied than it‟s worth which is the reason 

for the slow advancements in the VTOL technology, the 

new study on the TVC control strategy has the capability 

of advancing the rate of development in VTOL 

technology by a great margin. “Comparing previous 

research about manoeuvrable controller design of fixed 
wing aircrafts, it can be said that certain special flight 

conditions such as the high-attack angle and VVR are 

considered and certified based on the envisaged aircraft 

configuration and control scheme, an optimized NDI 

controller is designed to maximize the manoeuvrability of 

the proposed fixed-wing UAV with TV.”[18]  

 

Use of UAV has increased exponentially over the years, 

UAVs possess a range of positive impact in the field of 

aviation. The need for pilot less crafts has become more 

technologically developed and preferable. Automatic 

course correction, evasive manoeuvres, trajectory 
selection, planning a course has become automated 

processes.  

 

“The development of newer and more sophisticated air 

defence systems raised new questions about the 

survivability of UAVs until the successful Israeli 

demonstration of the flexibility of use of truly small size 

UAVs (being inherently stealthy because of size) in 

Bekaa Valley.” [26] The successful mission proved that 

the use of UAVs for military operations could serve as an 

advantage in the case of drones, surveillance, bombing 
and even combat to a certain point.  

 

This paved the way for major advancements to be 

implemented into the drone technology to be used in high 

powered flights such as combat crafts and stealth bombers 

in specific. “Dull applications are repetitive tasks that 

offer themselves to automation and would otherwise lead 

to crew fatigue. An advantage of UASs in these 

applications is that crew may be rotated without landing 

the aircraft.” [27] Repetitive tasks were being moderated 

by the machine learning system thus reducing the need for 

human interference and eventually human errors. The 
course correction details are calculated to last decimal 

value and uploaded directly into the mainframe operating 

unit of the avionics system. Thus, the need for human 

touch in navigation and control is completely minimized. 

“Automatic target cueing (ATC) performed aboard the 

UAS can be applied to collected imagery and the image 

sent to the ground for further exploitation only if it is 

likely to contain targets.” [28] 

  

Targeting and surveillance has become a key aspect of the 

use of UAVs which gives the most precise of details to 

the last decimal point of positioning in terms of latitude 
and longitude. 

 

The next step in the world of UAVs is the transition from 

drone technology using remote control to the control 

using artificial intelligence which will completely not 

require the use of human input in the control of the 

aircraft. “The Artificial Intelligence (AI)-based controller 

such as fuzzy logic control [28, 29], self-tuning fuzzy 

logic PID controller[30,31] which are designed to tune the 

value of KP , Ki and Kd of the PID controller and fuzzy 

logic based sliding mode adaptive controller (FLSMAC) 
are designed and implemented for UAV.”[32] The PID 

controller is a commonly used system when implementing 

AI into a larger target system.  

 

The use of a microcontroller enables the processing to be 

done so as to implement the various functions of the 

aircraft into machine learning language so that these 

functions can be mapped into specific tasks for the AI to 

program and adapt upon. “The PNG scheme is a well-

used guidance scheme, used to guide an UAV to a 

maneuvering target. The PNG scheme is often used as a 

benchmark for comparison for any new guidance 
scheme”. [33, 34, 35]  

 

The scheme involves the mapping of the functions on a 

software-based structure before being deployed into the 

hardware wire frame of the avionics system. Several 

simulations are performed to test the precise matching of 

the program to the functioning of the aircraft such as take-

off, landing, forward flight, targeting, missile locking, 

surveillance, evasive maneuvers, course correction etc. 

“Maneuver Time is the time after the start of simulation at 

which the target starts to maneuver with the normal 
accelerations as TNz and TNy in the respective axis. 

 

Mt = [16 18 20] secs - a 

TNz = [-45 -30 0 30 45] m/sec2 - b 

TNy = [-45 -30 0 30 45] m/sec2 - c 

 

The values for Mt, TNz and TNy are chosen as in (a, b, 

c). Every single combination is considered for comparing 

the performance analysis of the AI scheme against PNG.” 

[36] The above values are used in the calculation for the 
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maneuvering time in real time scenario to implement for 

the calculation of processing speed from the AI server to 
the avionics system of the designed aircraft. This would 

calculate the value to the tenth decimal point in 

nanoseconds to give faster process of bit rate.  

 

This helps to determine the speed at which information 

passes to the avionics system to pass commands to 

perform the various functioning‟s of the aircraft. [37, 38] 

 

V. METHODOLOGY OF THRUST 

VECTOR AIRCRAFT DESIGN 
 

1. Structuring the Aircraft: 

The designed thrust vector system stealth aircraft is 

shown in Fig. 2-3. Mechanical components of thrust 
vector aircraft in Fig.2-3: (a): left forward outlet, (b): right 

forward thrust outlet, (c): right turbofan, (d): VTOL 

engine, (e): left turbofan, (f): right exhaust system, (g): 

left exhaust system, (h): right t- axle shaft, (i): left t-axle 

shaft, (j): upward thrust outlet. 

 

For the design of the thrust vector system three major 

components were involved; (i) design of stealth aircraft, 

(ii) design of VTOL engine, (iii) design of turbofans for 

upward thrust, (iv) axle & gear system. 

 
 

1.1 Design of stealth aircraft frame: 

The design inspired from the structural frame of a B2 

stealth bomber was used as the benchmark to model this 

aircraft. Titanium alloy Ti 6Al-4V [11], or Grade 5 

titanium or also known as the “workhorse” of the titanium 

alloys whose properties were suitable for the design of the 

structure as shown in tables. 1-2 was used along with a 

mixture of Aluminium alloy A20X™ [12] which is 

currently the strongest cast aluminium alloy on the market 

which possesses extremely positive properties as shown 

in tables. 3-6 was used at a ratio of 2:1. 
 

This design of the aircraft had to accommodate the VTOL 

engine and the turbofans on either sides of the wings and 

required hatches for the respective gears. The aircraft 

body had to be designed in such a manner that the wing 

area could withstand high number of forces acting upon it 

during take-off and landing.  

 

The first step was to create a shell of the structure in 

requirement as shown in fig. 4-5 which shows a crass-

sectional view of the stealth aircraft. This was followed 
by the design of input vents on either side of the cockpit 

and exhaust vents at the rear side. Next was the design of 

the ailerons on both the wings.  

 

Once a rough structure of the aircraft was obtained the 

engine had to be designed to make vector thrusting 

possible but also which could be accommodated into the 

design of a stealth aircraft. 

 
Fig 3. Exoskeleton of modified B-2 bomber. 

 

Fig 4. External shell of modified B-2 bomber. 

 

(1) Ti 6Al-4V Properties 

 

Table 1. Physical Properties. 
 Metric English 

Density 4.43 g/cc 0.16 lb/in³ 

 

Table 2. Mechanical  properties. 

Hardness, Knoop 363 363 

Hardness, Rockwell C 36 36 

Hardness, Vickers 349 349 

Tensile Strength, 

Ultimate 
950 MPa 138000 psi 

Tensile Strength, Yield 880 MPa 128000 psi 

Elongation at Break 14 % 14 % 

Reduction of Area 36 % 36 % 

Modulus of Elasticity 113.8 GPa 16500 ksi 

Compressive Yield 

Strength 
970 MPa 141000 psi 

Notched Tensile 
Strength 

1450 MPa 210000 psi 

Ultimate Bearing 

Strength 
1860 MPa 270000 psi 

Bearing Yield Strength 1480 MPa 215000 psi 

Poisson's Ratio 0.342 0.342 

Charpy Impact 17 J 12.5 ft-lb 

Fatigue Strength 240 MPa 34800 psi 

Fatigue Strength 510 MPa 74000 psi 

Fracture Toughness 75 MPa-m½ 68.3 ksi-in½ 

Shear Modulus 44 GPa 6380 ksi 

Shear Strength 550 MPa 79800 psi 

Electrical Resistivity 
0.000178 ohm 

-cm 

0.000178 ohm-

cm 

Magnetic Permeability 1.00005 1.00005 

Magnetic 

Susceptibility 
3.3e-006 3.3e-006 

CTE, linear 20°C 8.6 μm/m-°C 4.78 μin/in-°F 
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CTE, linear 250°C 9.2 μm/m-°C 5.11 μin/in-°F 

CTE, linear 500°C 9.7 μm/m-°C 5.39 μin/in-°F 

Specific Heat Capacity 0.5263 J/g-°C 
0.126 BTU/lb-

°F 

Thermal Conductivity 6.7 W/m-K 
46.5 BTU-in/hr-

ft²-°F 

Melting Point 1604 - 1660 °C 2920 - 3020 °F 

Solidus 1604 °C 2920 °F 

Liquidus 1660 °C 3020 °F 

Beta Transus 980 °C 1800 °F 

 

 
Fig 5. Cross-sectional view. 

 

(2) A20X™ Properties 

 

Table 3. Physical properties. 
Density (based on 2.85 

g/cm3 theoretical density) 
> 99% 

Pore size < 100 μm 

Porosity rate < 1% 

Hardness min. 140HV 

 

Table 4. Mechanical properties. 

Tensile strength Horizontal (XY) 

Vertical (Z) 

460 MPa - 510 

MPa 

Proof strength (Rp 0.2%) 
Horizontal (XY) Vertical (Z) 

370 MPa - 430 
MPa 

Modulus of elasticity 

Horizontal (XY) Vertical (Z) 

75 ± 5 GPa 

Elongation at break 

Horizontal (XY) Vertical (Z) 

min. 10% 

 

Table 5. Material composition wt% 
Al Balance Si 0.1 max B 1.25-1.55 

Cu 4.20-5.00 Fe 0.08 max Ti 3.00-3.85 

Mg 0.20-0.33 Ag 0.60-0.90  

 

Table 6. Material properties. 
Material Properties Applications Finishes 

Corrosion Resistant 
Lightweight 

High Strength 
High Thermal 
Conductivity 

Prototyping 
Engineering 

Machined 
Spark-eroded 

Anodised 
Micro shot- peened 

Polished 

 
Fig 6. External surface material. 

 

1.2  Design of VTOL engine: 

The B2 uses a General Electric F118 engine as shown in 

fig. 6, which is a non-afterburning turbofan engine that 

was produced by GE Aviation and was derived from the 
General Electric F-110 afterburning turbofan. This engine 

produces a 19,000lbf thrust which is enough for the 

conventional flight but whereas when VTOL is required 

the need to design a new engine to meet the high thrust 

requirement had to be done.  

 

Thus, the Pratt & Whitney F- 135 as shown in fig. 7, was 

considered which has a 41,000 lbf thrust (with 

afterburner) which is an ideal option for VTOL ability. 

  

 
Fig 7. -118 engine. 

 

But the shortcoming of the F-135 was that its original 

design could not be accommodated into the body of the 
stealth bomber that was designed.  

 

Thus, the need for modification was required, it was 

decided to implement the mechanism in a F-135 into the 

shell of a F-118 so that the thrust produced is high and the 

design of the engine could fit into the aircraft.  
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Hence, an entirely new design of engine was designed as 
shown in fig. 8-13. 6 secondary turbofans or high-

pressure turbines were used, and 7 tertiary turbofans or 

low-pressure turbines were used. 

 

 
Fig 8. F-135 Pratt & Whitney engine. 

 

 
Fig 9. Modified F-135. 

 

 
Fig 10. Exoskeleton of modified F-135. 

 

 
Fig 11. Cross-sectional view. 

 
Fig 12. Primary turbofan. 

 

 
Fig 13. Secondary turbofan. 

 

 
Fig 14. Tertiary turbofan. 

 

The designed engine has general characteristics of two- 

spool, augmented turbofan with shaft driven lift fan and 

has a length of 315 in (800 cm) and diameter of 46 in 

(116.8 cm) maximum, 43 in (109.2 cm) fan inlet, 53 in 

(134.6 cm) lift fan inlet. It comprises of a 3-stage fan, 6 

stage high-pressure compressor, 2 stage, contra-rotating, 

shaft driven lift fan along with a annual combustor, single 

stage high pressure turbine, 2-stage low pressure turbine 

and also bypass ratio of 0.56:1 conventional and 0.51:1 

powered lift. Due to the modification the thrust produced 
is 27,000 lbf (120 kN) military thrust, 41,000 lbf (182 kN) 

with afterburner and 40,650 lbf (181 kN) hovering. 
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1.3  Design of turbofan: 
First a construed cut of radius 3000 mm was cut onto the 

wings of the aircraft equidistant from the point of center 

of gravity of the aircraft as shown in fig. 14. The 

turbofans were designed to withstand the high pressure 

using the same titanium and aluminum alloys mixture as 

the body of the aircraft. The spokes were designed to have 

a length of 2400 mm and thickness of 500 mm and the 

surrounding protective encasing has a thickness of 400 

mm (fig. 20). Four turbines were designed, and two 

turbines were fitted onto a single shaft thus creating two 

pairs of turbines rotating in opposite directions to each 

other on both the wings as shown in fig. to prevent the 
yaw moment. 

 

 
Fig 15.  Dissection on wing blades. 

 

 
Fig 16. Fitting of turbofans. 

 

The rotation of the turbine along with the downward 

thrust from the designed VTOL engine generated the 

thrust required for VTOL to take place. To maintain the 

stealth properties of the aircraft during conventional 

flight, hatches were designed over the turbines which 

would remain open (fig. 16 - cross -sectional top view) 

and (fig. 17 - cross -sectional 17-bottom view) during 

take-off and landing and would seal shut (fig. 18 – cross-
sectional top view) and (fig. 19 – cross-sectional bottom 

view during flight thus keeping true to the concept of 

stealth aircraft. 

 
Fig 17. Turbofan shutters top view. 

 

 
Fig 18. Turbofan shutters bottom view. 

 

 
Fig 19. Closed shutters top view. 

 

 
Fig 20. Closed shutters bottom view. 

 

 
Fig 21. Turbofan exoskeleton. 
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Fig 22. Turbofan cross-section. 

 

1.4  Axle & Gear system: 
The link between the VTOL engine and the turbofans on 

the wings was given through a T-shaft axle (fig. 22) that 

is commonly used in automobiles. The axle from the 

turbine is connected through a series of gears to the 

turbofans which enables the turbofans to rotate when the 

Vertical take-off and landing takes place and stops 

rotating once the aircraft is in forward thrust.  

 

This rotation of the turbines occurs when the nozzle of the 

VTOL engine is facing downward 90° to the surface of 

the aircraft. Once the nozzle tilts 90° parallel to the 

surface and aligns itself to provide forward thrust the 
turbofans stop rotating and the hatches close. The tilting 

of the nozzle occurs through a series of gears made up of 

titanium and aluminum alloys. The engine setup is shown 

in fig. 23 {(a): nozzle, (b): roll nozzles, (c): drive shaft, 

(d): VAVBN} 

 

 
Fig 23. Gear system in modified F-135. 

 

 
Fig 24. Modified axle system. 

Once a major part of the design was completed this was 

followed by the design of hatches for (a): left landing 
gear, (b): left bombing hatch, (c): left VTOL hatch, (d): 

front landing gear hatch, (e): right VTOL hatch, (f): right 

bombing hatch, (g): right landing gear hatch (fig. 24). 

 

 
Fig 25. Design of hatches. 

 

VI. TESTING & SIMULATION 
 

Once the design of the aircraft was successfully 
completed using real time dimensions and measurements 

the next step was to perform analysis for structural 

intensity and aerodynamic properties. Two different 

software‟s were used to run the simulation and retrieve 

the output results such as SolidWorks and Ansys 

simulation. 

 

1. Structural & Aerodynamic Analysis Simulation: 

The structural and aerodynamic simulation was performed 

using SolidWorks and this was performed once the 

entirety of the outer surface of the aircraft was provided 

with a suitable material, Ti 6Al-4V in this scenario. Once 
this was done simulation was performed using three major 

tools for analysis. Firstly, the fixed parts or the fixed 

geometry (fig. 25-26) of the aircraft were selected and 

marked accordingly. Then the movable parts such as the 

ailerons, flaps were marked (fig. 27) and the point at 

which maximum force would act upon during take-off, 

landing and flight. Now the objective was to determine 

the lift force „L‟ which acted upon the wings, this was 

done by using equation 1[13]. 

 

 
Equation 3: Lift force 

 
Where; 

 L = Lift, which must equal the airplane's weight in 

pounds. 

 d = density of the air. This will change due to 

altitude. These values can be found in a I.C.A.O. 

Standard Atmosphere Table. 

 v = velocity of an aircraft expressed in feet per 

second. 

 s = the wing area of an aircraft in square feet. 

 CL = Coefficient of lift, which is determined by the 
type of air foil and angle of attack. 
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The angle of attack and CL are related and were 

calculated using a Velocity Relationship Curve Graph as 
depicted in fig. 28 

 

 
Fig 26. Downward force. 

 

 
Fig 27. Upward force. 

 

 
Fig 28. Stress on wing tip. 

 

 
Fig 29. Velocity relationship curve. 

 

From the above graph and numerical data based on the air 

foil values from the table. 7[13]. 

Polars for NACA 63(2)-215 MOD B (n63215b-il). 

Air foil Reynolds # Ncrit Max Cl/Cd
 

ρ at 50,0 

00 ft or 
1548 

n63215b-il 50,000 9 25.9 at α=3.75° V = 900 km/hr [15] 

Mach=0 

Ncrit=9 
n63215b-il 100,000 5 35.3 at α=8°

 

S = 5118 

.55 ft2 [16] 

Mach=0 

Ncrit=5 

n63215b-il 200,000 9 44.4 at α=7.75° Mach=0 

Ncrit=9 

n63215b-il 500,000 5 68.3 at α=9.25 d Lift 

 

ρ at sea level = 1.225 kg/m3[13] 

 

 
Fig 30. 

 

 
Fig 31. 

 

 
Fig 32. 
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Fig 33. 

 

From the above chart the following graphs were plotted 

for the various values of α (alpha) in a Cl vs alpha graph 
(fig. 30-33) The above values at both sea level and an 

altitude of 15,000 meters.This was followed by the 

meshing of the entire structure of the aircraft into one 

single part frame to determine the structural analysis of 

the entire craft as a whole unit (fig. 33) followed by 

running the simulation to obtain results. 

 

 
Fig 34. Mesh analysis. 

 

2. Fluid & Thermal testing and simulation: 
The fluid and thermal simulation was performed using 

Ansys software to determine the stress and strain under 

thermal conditions and the aerodynamic fluid stability of 

the designed aircraft. The original fine created using 

SolidWorks was converted into a part file and exported to 

the Ansys software where the material for each part of the 

aircraft was pre-determined and cross-sectioned to detail 

the interior skeletal structure (fig. 34). 

  

 
Fig 35.CFD analysis 

This was followed up by selection of curves, joints, and 

crevices of the aircraft to determine the thermal effect at 
these specified points (fig. 35). 

  

 
Fig 36. Thermal analysis. 

 

The curves and the joints were selected to be embedded 

and this was followed by selection of the outer frame or 

shell of the aircraft to determine the mass properties of the 

craft and the centre of mass was determined and marked 

(fig. 36). 

 

 
Fig 37. Mass properties. 

  

50 times to run the simulation at a higher processing 

speed. 

  

VII. RESULT ANALYSIS 
 

1. Structural and Aerodynamic analysis: 

The simulated results showed the stress (fig. 37), 

displacement (fig. 37) and strain (fig. 38) characteristics 

of the stealth aircraft that was designed. The stress and 

displacement analysis showed that the maximum stress of 

2.371e-05 mm in URES was induced at the wing tip 
which was partially due to the placement of turbofans on 

the wings.  

 

The stress at the point where the turbofans were 

positioned was found to be 5.928e-06 mm which showed 

that the strength at the peak point in this case the position 

of turbofans had a good structural strength. 
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Fig 38. Stress displacement. 

 

The displacement analysis showed the maximum 

displacement due to the lift force during take-off which 

was evident from the red spots on the wing tips and the 

ailerons as the force acts the maximum at these points. 

The strain analysis showed the maximum strain occurred 

at the exterior sides of the air vents where the primary 
body and wings are linked. This is due to the high 

pressure due to the use of vertical take-off and landing. 

The strain was found to be 7.302e-09 and the least strain 

was on the exterior sides of the turbofans which was 

1.826e-09. The strain on the centre of mass of the 

turbofans was found to be 5.477e-09. 

  

 
Fig 39. Strain displacement. 

 

2. Axis analysis: 
Once the simulation was performed the momentum and 

axis effect on the structure of the aircraft was obtained 

(table 8) and the results were scaled down 

 

Volume 64675300478.5973mm3 

Centre of Volume (-1.2833, -2.816, -5522804) 

mm 

Total surface area 2174478044.2214mm2 

Principal moment and 

axis 

1.47473863591742e+18mm^ 

(1, 0, 0.00006) 

Principal moment and 

axis 

8.86292958815398+18mm^ (-

0.00006, 0.01015, 0.99995) 

Principal moment and 

axis 

1.02623191986729e+19mm^5 

(0, 0.99995, -0.01015) 

Known relative 

accuracy % 

0.02 

VIII. IMPLEMENTING ARTIFICIAL 

INTELLIGENCE 
 

 
Fig 40. Signal flow chart. 

 

The control process in an aircraft works based on the 

input given to the pilot and the response that is delivered 
by the person in control of the aircraft. This basically 

means that the pilot responds with a suitable reaction for 

every action that is required. The above block diagram 

(fig. 40) shows the existing transfer of information. When 

it comes down to UAVs it is classified into two types, 

first being the UAVs controlled remotely through human 

interaction which is commonly referred to as drone 

technology and the second one being completely 

controlled using artificial intelligence. 

 

The implementation of AI is divided into five distinct 

steps which involves the passing of information from the 
user defined functions through the core processing unit of 

the AI system to the avionics system of the aircraft. The 

first step that was implemented in programming the AI 

was the selection of commands which were to be passed 

on to the control of the AI.  

 

Functions such as take-off, landing, forward flight, 

hovering, missile targeting, charting of flight path, course 

correction, taking evasive maneuvers. The second step 

was to recognize the controls required to perform the 

above-mentioned functions such as the control of speed, 
altitude, thrust, radar system, navigation system was 

transformed to machine learning language using simple 

LINUX programming. The third step was the process of 

matching each control to the desired function to be 

performed such as linking take-off and landing with 

altitude control, thrust control and speed control, similarly 

the other controls were linked to respective functions. 

 

The next step was to adjust the processing time to perform 

the required functions and eliminate all other variables 

while the processing of information takes place. The final 
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step is to transfer the machine language to the avionics 

system of the aircraft for the function to take place 
successfully. The new transfer of information happens 

inside a closed loop system where the response from the 

avionics system is recorded and sent back to the processor 

to decide if the function was successful and if not, what 

measures are to be taken to perform it. 

 

 
Fig 41. Control system flow chart. 

 

The above programming was performed based on the 

research performed in “Artificial Intelligence guidance for 

Unmanned Aerial Vehicles in three-dimensional 

space”.[38] The final output derived is shown in fig. 

42[38] which shows the transfer of information from 
sensors of the aircraft to the AI processor which gets re 

programmed to perform the specific tasks. 

  

 
Fig 42. Control system working. 

 

The AI processor learnt from various guidance scenarios 

in play which were created by varying four major factors 

such as (i) Target velocity, (ii) Target Launch Angle, (iii) 

Maneuver Acceleration, (iv) Maneuver range and the 

scenario played out as depicted in fig. 43. 

 
Fig 43. Maneuver range. 

 

Various scenarios were generated and tested by varying 

the above factors and multiple simulations were run. Once 

each simulation was completed the processing time was 

adjusted accordingly to make it minimal as possible so 

that fast reactions were made possible in decision making 

of the AI processor. Time interval between each response 

was gradually shortened thus enabling nano second 

responses from the system. 
 

IX. CONCLUSION & FUTURE 

MODIFICATIONS 
 

The result analysis showed that the designed aircraft was 

aerodynamically and structurally stable along with good 

thermal and fluid characteristics. An aerodynamically 

stable VTOL stealth bomber was designed, and 

simulation was performed. This provided the stealth 

bomber with vertical take-off, landing and hovering 

abilities along with extra thrust from the newly modified 

and designed VTOL engine. The implementation of AI 

enabled the use of the stealth bomber as an unmanned 
aerial vehicle thus handing over the control to artificial 

intelligence and thus reducing human error.  

 

The use of new variant of metal alloy enables in lighter 

but stronger frame with stealth properties infused. The 

next possible step would be manufacture and build a real 

time model once the design approval is achieved from the 

FAA and real time testing and simulation analysis can be 

performed. The design could be modified to variable 

extents to accommodate required properties. The artificial 

intelligence can be programmed to induce new functions 

other than just take-off, landing, charting a course and 
taking evasive maneuvers. It could be programmed to 

lock on to targets as well as weapons positioning which 

would need to have some safety nets in place.  

 

The design of the engine could be modified to induce 

higher thrust ratio and efficiency. The turbofan blades 

could use a different metal alloy and a sharper design to 

gain more upward thrust. Only real time testing, and 
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analysis would provide precise results for the designed 

stealth bomber aircraft. The AI implementation has made 
the need for human interference to be not necessary but 

missile targeting and launching would still have to be a 

user-controlled function until proper and precise 

programming of AI is done. 
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