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Analysis of Brief

a) Fuselage Compartment

The design must include a fuselage or main body
compartment. This compartment typically houses
key components (e.g., motors, batteries, wiring).

c) =4 Electronically Operated Motors

The design must incorporate 4 or more electronically
operated motors that are powered by batteries.

e) All Main Operating Features Clearly Visible
Without Dismantling

My design must have all wiring and operating features
be clearly visible without the need for disassembly

g) Voltage Does Not Exceed 9 Volts

All electrical systems must operate at or below 9 volts.
This is typically for safety and standard battery
compliance.

b) Seating for Pilot and Passenger

The model should feature seating arrangements for
both a pilot and at least one passenger, reflecting
the requirement for occupant space.

d) Include an Automated Door

The design must include an automated door for
access. This door should be able to open or close
mechanically (e.q., via a motor or simple mechanism).

f) Longest Dimension = 400mm

The maximum overall dimension of the model
(length. width, or height) must be less than 400
millimeters to satisfy size constraints.




Investigation of solutions
VTOL Jet Research

: : A vertical take-off and landing (VTOL)
- dihedral Transwmg eVTOL aircraft is one that can take off and land

‘\ vertically without relying on a runway.
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demonstrating a vertical landing
Lilium Jet - The first electric VTOL jet

Dornier Do-31

The only jet-powered
VTOL of its kind




Investigation of solutions

Electronics Research '_W_
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Investigation of solutions
Potential door mechanlsms

Chooser charts

(stem.org.uk) «<-More

information

Crank and slider

Mechanism

Device that transforms forces

In engineering, a mechanism is a device that

transforms input forces and movement into a
desired set of output forces and movement.
Mechanisms generally consist of moving components which may

include:...

W Peg and slot

Chain and sprocket


https://www.stem.org.uk/system/files/elibrary-resources/2016/01/KS3%20technical%20components%20chooser%20charts.pdf
https://www.stem.org.uk/system/files/elibrary-resources/2016/01/KS3%20technical%20components%20chooser%20charts.pdf

3 Initial Concepts - Seating
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3 Initial Concepts - Door
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3 Initial Concepts - Rotary Propu\sxoh System
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Seating Positions
Ergonomics of Single-Person VTOL Aircraft

Investigation of solutions: Fuselage Shape

When considering the fuselage of the drone we cannot just restrict it to | believe that __ \?‘V I\§ K

the seating alone. We must consider the actual shape of the central “p'f'tth o

. pOS| 1on wou + Good all- aroundwswbllny . aRr?é)\;sotd?;c;gmoda(esaHages : ['i:“();Aethdyf ﬂﬂﬂﬂﬂ
body of the VTOL drone, and whether the pilot and passenger should best suit this TR wenagmne Do e am
sit alongside one another or one behind the other. application \_ Y,

1. Tandem Seating, Oblong:
a. Oblong, like a fighter-jet?
i. Reduced leg-space
ii. Increased aerodynamics
iii.  Quite space efficient, but this
equally does not allow much
space for storing electronics.

More space
efficient seating

>

elevator

e Does not allow
as much space
slen  fOr storage

2. Parallel Seating, Wide:

a. Wider, like a commercial aircraft?
i. Increased leg-space & comfort
ii. Increased head-on aerodynamic load
iii.  This allows considerable extra space for
electronics behind the pilots

Highly aerodynamic shape rotor

snTFlS

Decision:

| believe that creating a wider fuselage with the two

seats alongside one another would allow the most

additional space for electronics to be stored safely and

easily visible to an examiner. This would also provide Increased user comfort,  Less aerodynamic

the most comfort for hypothetical users. | have chosen ~ More SPace S il S Space for storing electronics,
_ _ _ attacking face behind

to continue with option (2).




Criteria for selection of solution

Design Concept Evaluation - deciding upon what concepts | will implement
Analysis Table

Summary:

Concept Category  Structural Aerodynamics Weight Ease of User Overall Selected
Integrity Manufacturing Experience Feasibility

To determine the most suitable design for
the JIM VTOL Drone, | systematically
analyzed three initial concepts for each

major component: propulsion, doors, and Quadcopter | Propuision |38 9 4 6 8 9 4
; Concept
seating. Each concept was evaluated
against six key criteria: structural integrity, Single Rotor |Propulsion |9 8 9 7 9 8 _
aerodynamics, weight, ease of Enclosed
manufacturing, user experience, and
overall feasibility. By comparing these Da Vinci Propulsion |7 7 6 5 7 7
metrics, | identified the most effective Concept -
combination that aligns with performance, -
. Gull Wing Doors 7 8 8 7 9 8 4
safety, and user experience.
Door
For propulsion, the Quadcopter Concept Fighter Jet Doors 8 9 7 6 8 9 _
was selected due to its symmetrical thrust Door
dls.tr.lbutlon, predlctgble handling, ar.1d Hull Door Doors 9 6 6 3 6 7 _
efficient aerodynamics. The Gull Wing
Door emerged as the best choice for its Spherical Seating 7 7 6 7 9 7
fast and reliable access, critical for Shell
usability and safety. Lastly, the Reclined : 5
. . Reclined Seat | Seating 8 9 9 8 8 9 4
Seat was chosen for its ergonomic
support and stability, ensuring a
comfortable and secure user experience. Modular Seat | Seating 9 8 8 9 9 8 -

My Final Design Requirements

My design must incorporate a Jointed Inclinable Multirotor (JIM) system featuring a quadcopter propulsion system,
gull-wing door access, and a reclined ergonomic seat. This combination ensures optimal stability, aerodynamic
efficiency, and user-centered functionality, making JIM the most viable and effective solution.
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Production Drawings/Plans

Servo Housing Unit




Production Drawings/Plans

Servo Housing Cover X2 (mirrored)
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. 8 This will secure in place with an

interference snap-fit joint and then
will be later secured by an M3 screw
running through
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Production Drawings/Plans

Rotor Arm x4 (mirrored)
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Production Drawings/Plans

Door Frame
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Production Drawings/Plans

Seat X2

3236 _

6,2 19,95 15
i o 2 R
l_ ,

™~
m
)
@\
1
Nyl AN
00| OO
P 2643
23,02 2,2
[ |
N
M
-
13,19

Seats to be attached to the base with
two M3 threaded inserts and bolts



Production Drawings/Plans

Leg x4 (mirrored)

Press-fit assembly



Production Drawings/Plans User Interface Acrylic Base
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Production Drawings/Plans

Cutting List & Materials

Windscreen and base were laser cut
from clear polycarbonate and black
acrylic sheets respectively.

Brass stand-off legs were
manufactured by me from 15mm X
&10mm brass lengths.

All 3D Printed parts were made with
white and orange PLA using our
Engineering room’s Creality K1 Max
(except for the central body which
was printed using green PETG).

Printer Image source:
https://www.matterhackers.com/store/l/creality3d-k1-max-large-high-speed-3d-printer/sk/MPVPDEGC



https://www.matterhackers.com/store/l/creality3d-k1-max-large-high-speed-3d-printer/sk/MPVPDE6C

Production Drawings/Plans
Electronic Component List

| sourced all components from our school’s Engineering room.

VTOL Assembly

Component Name

1 ESP32-WROOM 32 DevKit
1 XL6009 DC-DC Buck Boost Converter

6 SG90 Micro Servo

4 8520 Magnetic Micro Coreless Motor
2 330Q Resistor
4 LEDs (2 Red, 2 Greeen. FAA Compliant)

User Interface

Component Name

1 DPDT 2-position Switch

1 On/Off Toggle Switch

1 Potentiometer BS0Q

2 Push-to-make Button (red)

1 Push-to-break Button (black)



Production Drawings/Plans - Electronics

Complete Wiring Diagram

ESP32 GPI0 25 i 18650 Battery 2 (3.7) |

18650 Battery 1 (3.7V)

Dummy Pin

Used only during

initialization

Negative v

H

Positive Positive

v

Main Power Switch

7.4

Buck Converter (7.4 to 5V)

£

5V Power Distribution

Smaller sub-circuits

9v—5v Converter

LED Circuit

T e

J

Ov

~N

Code Execution Flowchart

Reference
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Production Drawings/Plans - Electronics

Electronics Assembly Sequence Plan

1. Assemble DC—DC converter, test

2. Assemble the LED array, test

Due to different resistance between the LEDs
| had to make 2 different parallel circuits

3. Create +5v, GND power ralil

4. Install pin connectors for servos

5. Mount servos in enclosure, program

6. Install user interface and test



Time Management

Tasks

Documentation & Submission
Final Adjustments

System Integration & Testing
Complete System Assembly
Phase6 : FinalAssembly
Holiday Break Work
Component Integration
Power & LED Circuits
Phase5 : Electronics

User Interface & Windscreen
Motor Housing Assembly
Servo Housing Prototyping
Phase4 : Prototyping
Assembly & Testing Plans
Electronics Schematics
Engineering Drawings & CAD
Phase3 : DetailedDesign
Final Solution Selection
Propulsion System Concepts
Door Mechanism Concepts
Seating Design Concepts
Phase2: ConceptDesign
Electronics Research

VTOL Technology Research
Brief Analysis

Phasel : Research

Production Drawings/Plans
JIM VTOL Drone Project Gantt Chart

Phase 1:
Phase 2:
Phase 3:
Phase 4:
Phase 5:
Phase 6:

1

Research
Concept Design
Detailed Design
Prototyping
Electronics

Final Assembly

1

C

Timeline
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Testing & Evaluation - Servo Motor Housing Cover (Press-fit)

Problem: The press fit cover was too loose and kept sliding out of
place when | assembled the first version of the servo assembly.

Description: After printing the cover for the servo housing, | quickly
realised that | needed to extend the press-fit interface further into the
main body. When assembled, the first iterations fell out with very
little effort and the tolerance was too large. | extended the edges by
~12mm, and reduced the tolerance from 0.2mm to 0.15mm. |
learned that accurate tolerances for press-fit joints is crucial.

Evalauation: After three of prototypes, I reduced the tolerance and
extend the interface between the cover and housing for a tighter fit.

Assembly

(Interference fit)

V1 - loose fit, easily fell out V2 - tighter tolerances, secure fit



Testing & Evaluation - Motor Housing Assembly

Problem: | had initially planned on using nylon screws for securing the
motor housing assemblies to the central (green) body, as they were
readily available. However, these screws ended up shearing and didn’t
connect the halves securely enough to the central body.

Description: To address this problem, | had to disassemble the drone
and swap nylon fixing-screws for aluminium. It proved far more secure

Evaluation: The motor housing assemblies fitted securely to the central i

body and the heads of the bolts no longer sheared off their threads. Nylon screws were problematic
Assembly
of Servo
Housing
Unit

The fixing
Assembly screw fits to
of Servo the brass
: threaded

Housmgs | insert inside
and Body : the housing




Testing & Evaluation - User Interface Acrylic Base

Problem: In making this acrylic base, | had to make sure that the bended
edge would leave enough space for the large potentiometer behind it.

Description: To address this problem, | made multiple prototypes with
differing lengths of the rotated face and bend angles. | eventually found a
set angle which both allowed enough space and maintained aesthetics.

Evaluation: | finally had a suitable template, whose dimensions | then
copied and used in the final design of my acrylic user interface.

Corel Draw [Test the potentiometer spacing]

Tester piece 3 x Test-piece 1

Flnal - Angle set with template potentiometer fits



Testing & Evaluation o bled
- Windscreen

windscreen:

| laser cut this
as a marking
guide for the
wood.

Problem: | wanted to
make a windscreen
through bending a laser
cut clear polycarbonate
sheet with a blowtorch
but it kept forming
bubbles.

| then laser cut
the polycarbonate
sheets, for the
windscreen itself

Cut with band saw SENE el SiEEE

blowtorch, and after excessive
bubbling | chose to use a crafts
heat-gun, this fixed the issue of the
wooden former starting to set on fire.
| also used G-clamps to hold it in its
correct position. | had tried holding
the polycarbonate to the wood with
an aluminium bar to prevent
scratching but that heated up and
caused some of the earlier versions

to melt. | secured it to the main body (

Butane blow torch

Heat gun

Due to excessive
bubbling and fires |
chose to use a heat
gun. This worked
with the first test
piece,

and no excessive W
bubbling

S ( template  the laser cut guide with belt sander
Description: | first tried using a I . :

| firstly bent it into shape
. . - using my hands, slowly
with acrylic glue.

| then used
G-clamps to hold
it in position as |

Evaluation: | now have a complete
windscreen for the main door of my
VTOL aircraft, after a number of and press it into
prototypes and plenty learning. 4 its shape.

continued to heat



Testing & Evaluation - Standoff Legs

Problem: | needed short and stable
mounting legs for my acrylic base.

Description: To address this problem, |
turned 4 brass legs on the lathe. Each
leg has an external diameter of 4.5mm.
| center-drilled each with a diameter of
2.5mm and tapped each with an M3 B
die. The parting off tool created a slight il o ol
tapered end which | chose to keep . N - \
because it brought the legs a more
aesthetically pleasing shape.

IO

Evaluation: The legs screw into the
base and onto the bolts which also
hold the standing legs for the drone
itself.

Facing off
&
Parallel turning

; Vee-BTi;)'ck’ e

Marking height — ... — Center-driling & — Parting off — Done
M3 Tappina



Testing & Evaluation - Power Supply

Problem: When powered from battery, either on power up, idle, or
when all motors tried to move, the voltage would dip and then drop
beneath the threshold for the esp32 and cause it to experience
brownout and prevent undervoltage, and then when it stopped
driving the servos it would then try drive them again and get caught
in this endless loop. | needed a (far) higher current power supply.

Description: | had first planned on using a 9v battery to power my
entire project, this did not work. 9v batteries have a maximum
current of approximately 500ma. From my testing | realised that we FEL%TS;S]?W'
would need approximately 7 continuous amps! | then tried powering  ,1opelior motors)
it directly with my 20,000mah portable charger, which could provide
about 2.4amps, it got further into the boot animation and then would
start looping again. | had considered and explored using capacitors
to smooth these dips, which | thought were momentary. However, |
found that just having all servos turned on was drawing close on 7
amps when the arms were moving while the door opened. This is 690uf buffer
excluding the 8050 motors, each of which can draw >1A! | ultimately capacitor, which
chose to power the project with two 18650 cells and step their f;“é‘?ogg'ﬁgféa ds
combined total of 7.4V down to 5V. Each can provide 5-10A.

Typical peak
continuous

Evaluation: While initially | thought that | could have powered the
entire project with just a 9v battery, | quickly realised that | would
need about 18 in parallel for it to work. Instead the 18650
rechargeable cells work excellently. For powering the microcontroller,
| connected the 7.4v of the cells to the usb input of the ESP32 devkit

board, who’s onboard voltage regulator is designed for between
7-12v 9V bat.: 0.5A Power bank: 2.5A

7_

after which the voltage dropped below 4V and 18650 cells:
the ESP32 boot-loop cycle began. <10-20A !



Testing & Evaluation - The Case of the
Missing First Servo (software issue)

Problem: When initializing multiple servos on the ESP32, the
first servo in the array consistently failed to connect,
regardless of which physical servo or pin it was connected
to, while all other servos worked fine.

Description: Through systematic troubleshooting, |
discovered the issue wasn't with specific hardware but with
how the ‘ESP32Servo’ library initializes. | tried swapping
servos, and allocated pins and the problem still persisted.
The first servo to initialize triggers critical one-time setup of
the PWM system. By creating a "dummy" servo that absorbs
this problematic first-time initialization but isn't actually used
in the system, | was able to bypass the issue entirely.

Evaluation: All servos now connect reliably, including the
previously problematic first servo. This solution required
minimal code changes while maintaining full functionality,
proving that sometimes the elegant answer to a complex
technical problem isn't replacing hardware or extensive
redesign, but understanding and working with the
initialization sequence of the system.

the problem

e

Initialise Move Servo 0 to Swa(a Pl«ysico«l
m different position servos

SP32 Syste

still

fails  problem follows servo
index, not hardware
|

:

problem\[ 1
ttempt to attach servo OJ

.

area

fails

(Attempt to attach servo 1)

StAcceeo(S

[ Attach remaining seron

non-fFunctional

[St/stem runs with servo (ﬂ

problew\ case

mEe s T e e e e e

servo 0O initialises
unSuccess‘Fu“y

T e

solution case

servo O initialises
: Success{:u“y |




Testing & Evaluation
Does it meet the brief?

a) Fuselage Compartment J.I.M does indeed feature a fuselage component which houses 4
both all of its electronics and seating arrangements.

b) Seating for Pilot and Passenger J.I.M includes two seats, for both a passenger and pilot. 4

c) =4 Electronically Operated Motors J.I.M features 4 8050 brushed DC motors for propulsion and 6 4
servo motors for controlling its door and arm positions.

d) Include an Automated Door The VTOL aircraft does include a prominent automated door 4
attached to a sweeping polycarbonate windscreen which protects
the pilot and passenger when flying.

e) All Main Operating Features Clearly Visible | have included cut-outs where necessary and ensured that all 4
Without Dismantling elements of operating features and electronics are clearly visible.
f) Longest Dimension < 400mm Verified with a steel rule. The VTOL aircraft fits within a 400mm 4

cube, as required.

g) Voltage Does Not Exceed 9 Volts The two 18650 batteries in series sum to a total maximum voltage | 4
of +7.4v, the buck converter steps this down to 5v. | have verified
with my digital multimeter that the limit is not exceeded.



Testing & Evaluation
Conclusion

In conclusion | believe that | have
successfully created a fully operational
VTOL aircraft which aligns with the brief’s
design requirements.

This involved a
considerable amount of
planning and
prototyping but I'm
satisfied with the final
result.

All graphics, code and models throughout this project were made by me. :)
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g-bulb-lamp-electronic-components-light-emitting&psig=AOvVaw1LdtWvtw8yWul X_et5tKwN&ust=1738
4090942050008&source=images&cd=vfe&opi=89978449&ved=0CBcQjhxqFwoTCOjW-9Xsn4sDFQAAAAA
dAAAAABAE

DPDT 2-position Switch: https://www.dimarzio.com/hardware/switches/dpdt-mini-switch-2-position
On/Off Toggle Switch:

https://www.google.com/url?sa=i&url=https %3A%2F%2Fmostelectronic.com%2Fshop%2Fcomponents%

2Fswitches%2Fmini-toggle-switch-3-pins-spdt-on-off-6a125vac%2F&psig=A0vVaw0D0wupfUB8J60pcB0
v-P68&ust=1738410137873000&source=images&cd=vfe&opi=89978449&ved=0CBcQjhxgFwoTCPjgjtjw

n4sDFQAAAAAJAAAAABAJ

Potentiometer B50Q:
https://www.amazon.com/Jameco-ValuePro-5W-VW24F-10D6-20K-B25-Wirewound-Potentiometer/dp/B
0CWJ68C3N

Push-to-make Button (red):
https://store.brightcomponents.co.uk/product/2x-momentary-push-button-switch-red-2-pieces/

Push-to-break Button (black):
https://store.brightcomponents.co.uk/product/2x-momentary-push-button-switch-black-2-pieces
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Potential Door Mechanisms

Mechanism Images (all secondary sources) O

1.

Ratchet and Pawl Mechanism:
https://www.engineersedge.com/mechanical/ratchet-pawl.htm

2. Bevel Gears Mechanism:
https://www.engineeringclicks.com/bevel-gears/

3. Pulley Wheel and Belt Mechanism:
https://www.technologystudent.com/gears/pulley-and-belt.htm

4, Toothed Belt and Pulley Mechanism:
https://www.mechanisms101.com/toothed-belt-drive

5. Screw Thread Mechanism:
https://www.howstuffworks.com/gear-and-screw-drive.htm

6. Peg and Slot Mechanism:
https://www.technologytom.com/mechanisms/peg-and-slot.html

7. Chain and Sprocket Mechanism:
https://www.engineeringtoolbox.com/chain-sprocket-d_1234.html

Fuselage Shape

(all secondary sources)

1.

Seating positions infographic:
https://www.linkedin.com/pulse/seating-positions-fusionflight-hilre/

Two fighter pilots sitting in tandem while smiling at the camera & The two fighter pilots
sitting alongside one another while talking to another technician:
https://aviation.stackexchange.com/questions/19157/why-do-some-2-seat-fighters-hav
e-side-by-side-seating-while-others-have-the-pil

Two pilots alongside one another, coloured sketch:
https://www.dreamstime.coml/illustration/pilot-plane-cockpit.html

White VTOI on the grass: https://www.t-drones.com/blog/VTOL-drone-guide.html

Black VTOL with teh transparent background:
https://ozrobotics.com/shop/t-drones-tilt-rotor-vtol-drone-with-val7-endurance-up-to-
120min/

Concept sketch of the parallel seating fuselage arrangement:
https://www.pinterest.com/pin/702350504371884785/

Fuselage Shape

(all secondary sources) [ctd]

7. Minimalist research-paper-sketch of oblong VTOL with the annotations:
-https://www.google.com/imgres?qg=sketch%200f%200blong%20vtol%20drone%20chairs&imgu
rl=https%3A%2F %2Fwww.researchgate.net%2F publication%2F 37396824 3%2Ffigure %2Ffig1
%2FAS%3A11431281189045948%401694871179219%2F Overview-of-the-tilt-rotor-VTOL-UAV
.ppm&imgrefurl=https%3A%2F %2Fwww.researchgate.net%2Ffigure % 2F Overview-of-the-tilt-rot
or-VTOL-UAV_fig1 373968243&docid=ONFv5zh7JoJIzM&tbnid=DgjbBIKtuDLuMM&vet=12ah
UKEwijttJaOrpKMAXVDXUEAHDERFjkQM30ECBIQAA..i&w=790&h=560&hcb=2&ved=2ahUKE
wjttJaOrpKMAXVDXUEAHDLERFjkQM30ECBIQAA
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