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Executive Overview

Project Definition
Emergency missions are performed in most countries by either using an ambulance, an emergency heli-
copter, or a combination. The emergency helicopter provides a fast and versatile option for reaching the
location of an emergency, as it does not depend so much on the state of the road and can fly over and around
mountains and valleys. The helicopter is mostly used for exceptional cases and is not scaled to replace ground
ambulances. This provides a gap for the eVTOL ambulance, which is to make a scalable system by being low-
cost and socially accepted, and to be faster than on road infrastructure relying systems. This is stated by the
mission need statement, which afterwards provided a project objective statement:

Mission Need Statement: Design an affordable eVTOL ambulance that provides emergency medical assis-
tance for small and medium communities in Central Europe and is a scalable competitor to emergency heli-
copters, and a substitute for ground-based ambulances.

Project Objective Statement: Design an eVTOL ambulance capable of transporting two medical staff to the
site, as well as having the ability to transport the patient back to the hospital.

These statements functioned as the red line through this project, and decisions were made adhering to these
statements.

Market Analysis
A market analysis has been conducted that analyzed regions in Europe to find regions with a high GDP per
capita where, annually, a high number of emergencies are not reached within 15 minutes. Of all of these
regions, Bavaria has been selected as a potential beachhead market since it has a high GDP per capita and
achievable range requirements. A geographic analysis of the region showed that a potential eVTOL system
requires an operational range of 50 km with a cruise velocity of 200 km/h if stationed directly at the hospitals

Competition is fueled by a high projected compound annual growth rate (CAGR) of 9.8% of the ambu-
lance services market in Germany until 2030. Potential competitors of an eVTOL ambulance system include
established emergency medical service systems, such as ground ambulances and helicopters, but also ex-
isting eVTOL systems. Ambulances offer a relatively low mission cost and easy accessibility, but are highly
dependent on road and traffic risk, and must travel further due to being constrained to roads. Helicopters are
not as dependent on infrastructure and can access remote and difficult terrains quickly. Their issue is that
they are expensive to operate and have high maintenance demands. eVTOL systems have the potential to
combine the benefits of both systems, but cause their challenges, such as regulatory compliance challenges,
high battery degradation rates, and limited flight range. The SWOT analysis of an existing eVTOL ambulance
concept is shown in Table 1

Table 1: SWOT analysis of Volocity (eVTOL ambulance)

Helpful Harmful

Internal
† Low noise emission
† Low operational cost
† Short emergency response time

† Limited flight range
† Requires new infrastructures (charging)

External
† Growth of urban air mobility (UAM)
† Increasing eVTOL investments
† Future autonomous possibilities

† Regulatory compliance challenges
† High battery degradation rates

Mission Profile and Operations
In addition to the gap found for the mission need statement, it was discovered that the eVTOL ambulance
can simplify the operations process from emergency call to bringing the patient to the hospital. Figure 1
presents the sequential phases of operation, from mission start to system readiness for the next deployment.
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The process is divided into four primary functional stages: Mission Launch, Patient Pick-up and Transport,
Landing and Handoff, and Vehicle Recharge.

Figure 1: Operation Diagram

The mission profile and the respective time for each mission phase are illustrated by Figure 2. The same
one-way flight profile is performed again for the return leg, which was the most critical scenario and was
closely considered for energy budgeting.

Figure 2: Standard mission profile

In the mission, the complete flight phase, the two legs combined, takes 34 minutes and including the
ground operation, it takes 44 minutes. For ease of use and quick response, it was decided that the emer-
gency vehicle would be stationed at hospitals, or when this is not possible, the necessary elements will be
accommodated near the hospital. For this type of mission, multiple components are necessary:

1. Landing pad: Due to the nature of the vehicle, the pad will not need to be as big and resilient as one
used for helicopters, and ideally, normal road pavement can be used.

2. eVTOL hangar: To facilitate maintenance and reduce the impact from rain, snow, or other natural phe-
nomena, a dedicated hangar for storing the vehicle has to be used.
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3. Power infrastructure: To power up the batteries, a standard connection to the power grid can be equipped
with a DC charger or existing EV chargers can be used.

4. Handling equipment: The landing gear selected uses wheels, which provides a trivial way to move the
eVTOL wherever needed.

Stakeholder Requirements
The stakeholder requirements are the top level requirements of the system. They have been further broken
down into subsystem requirements later during the systems engineering process. The stakeholder require-
ments for ResQProp are given in Table 2.

Table 2: Stakeholder Requirements

Requirement ID Requirement
REQ-STK-01 The mass of the payload shall be no less than 400 kg.
REQ-STK-02 The indicative maximum footprint on the ground shall not exceed a diameter of 12 m.
REQ-STK-03 The aircraft shall respond to an emergency in 50km radius in 15 minutes from its base.
REQ-STK-04 The new vehicle shall respect European noise emissions over urban areas.
REQ-STK-05 The cabin noise level shall not exceed 60 dB.
REQ-STK-06 The vehicle shall have electric power autonomy for 100 km operation radius with take-

off and landing at 2 sites, plus a reasonable reserve.
REQ-STK-07 The vehicle shall be able to operate at 5m distance from people and 3m from any ob-

ject.
REQ-STK-08 The aircraft shall be able to fly in windy conditions, up to 8 Beaufort, also in case of

rain or snow.
REQ-STK-09 The vehicle shall be able to land and take-off at unprepared and uneven sites.
REQ-STK-10 The propulsive system shall offer redundancies in case of failure of any main compo-

nent.
REQ-STK-11 The vehicle shall be able to transport the patient safely to a hospital.
REQ-STK-12 The main structure shall have a lifetime equal or longer than a helicopter ambulance.
REQ-STK-13 If battery-electric propulsion is chosen, then the battery should be easily replaceable.
REQ-STK-14 The main structure shall be recyclable.
REQ-STK-15 The cost of the vehicle shall not exceed 2M Euros.
REQ-STK-16 The cost of operation, including distributed hubs and vehicles, shall not exceed 1000

Euro/flight.
REQ-STK-17 The aircraft shall comply with EASA regulations.
REQ-STK-18 The aircraft shall be able to fly in mountainous regions.
REQ-STK-19 The aircraft shall be designed to allow efficient and straightforward maintenance op-

erations.
REQ-STK-20 The aircraft shall be able to fly during day-time and night-time.
REQ-STK-21 The aircraft shall be capable of rapid deployment to respond to emergencies.
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Concept Design
It was found that with the required range, a wing was needed
for lift generation. Additionally, to ensure a low-complexity in-
frastructure, it was decided to power the VTOL electrically us-
ing batteries. After a trade-off was performed considering the
performance of the concepts for �ve diverging criteria, it was
found that a tilting wing eVTOL was optimal to perform the
mission as shown by Figure 3. Later, it was found that a wing
with a downward kink, called a gull wing, was bene�cial for
pitch control because it spaces out the engines.

Figure 3: Concept 3: TiltWing

Subsystem Design
Aerodynamics
For aerodynamics, �rst, the wing is designed by optimizing for an elliptical lift distribution and changing the
airfoil type, chord, and twist angle as a consequence. Also, the stall behavior of the wing is considered to
allow for gradual stall starting from the wing root. This resulted in an optimized wing whose lift-over-drag
value is more than 25% higher than the non-optimized older wing design. The performance characteristics
of the wing are shown in Figure 3. Note that the interference between the wing and other components of the
aircraft is not taken into account here.

Table 3: Performance of optimized wing design

Speci�cation After optimization
Maximum CL [-] 1.92
Cruise L/D [-] 24.8
Cruise AoA [deg] 6.5
Oswald factor [-] 0.748
Cruise Cm [-] 0.115

After the wing was designed, the tail was sized to make sure the aircraft is statically stable in cruise �ight.
The decision was made to design it as a T-tail to have the least interference with the fuselage, wing, and
propellers. It is found that the horizontal tail size should be at least 28% of the wing size to achieve both
longitudinal stability and controllability. Additionally, the minimum vertical tail size is 22% of the wing size
to achieve static directional stability. The �nal wing platform design including the aileron sizing is visualized
by Figure 4.
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Figure 4: Final wing platform design

Propulsion and Power
The most critical aspect of the design of the propulsion system was the battery choice. Available batteries are
always a compromise between power and energy density and their durability. Semi-Solid State NMC811 bat-
tery cells have been chosen since they offer suf�cient power and energy density while having an acceptable
durability.

Cruise Current [A] Takeoff Current [A] Nom. Voltage [V] Capacity [kWh] Charging Time [min]
216 746 800 155 31

Table 4: HV battery parameters.

The batteries will be con�gured such that ResQProp is compatible with the existing 400V EV charging
structure. Furthermore, a thermal control system will ensure adequate performance over a broad range of
ambient temperatures ranging from -20 to +40°C.

The propellers have not been optimized for hover or cruise but rather over the full �ight pro�le and thus
offering a good compromise between hover and cruise performance. Variable pitch propellers are used to
allow them to operate more optimally in the different �ight conditions and to increase the responsiveness of
their thrust. The propeller size is designed to ensure that the propeller tips travel outside of the transsonic
region to reduce noise.

Control and Avionics
A Simulink model has been developed to represent the system dynamics throughout hover, transition, and
cruise conditions. A control system has been created that allows ResQProp to be controllable throughout all
of its mission stages, including transition and potential wind gust rejections in hover �ight.

In addition to that, it has been considered how different failure modes impact the controllability of the
vehicle and what control strategies could be used to ensure a safe landing in these cases. Furthermore, a suite
of sensors and data processing devices has been presented that will allow the control system to run smoothly
by providing it with the required measurements at the required data rate and with a suf�cient amount of
redundancy.

Structures and Materials
After optimizing the wingbox materials selection process for low-cost, lightweight, and good strength and
de�ection performance, it was found that Al2024-T6 was the best performing material and was thus selected.
Also the fuselage frame is made from this material, in contrary to the fuselage skin which is selected to be
produced using the cheaper material Al6061-T6.

After a load analysis was performed the wingbox design was optimized by optimizing its thickness to
obtain a lightweight wingbox design that is within the requirements. The wingbox is designed as a cone with
a downwards kink corresponding with the wing. The symmetrical circular cross-section of this wingbox is
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bene�cial considering the rotating wing. The resulting optimized thickness for the wingbox and the �nal
thickness that was decided upon are visualized by Figure 5.

Figure 5: Cone thickness at each interval compared to optimal thickness distribution for all the load cases

The ResQProp can transition between vertical and horizontal �ight by rotating its wing. This requires a
hinge mechanism on the wingbox, which is designed to be actuated by a worm and helical gear combina-
tion. As the wingbox is designed as a tube it can be directly rotated around its axis. The hinge assembly is
visualized by Figure 6. The hinge is capable of withstanding a torque of 30 kNm, it can rotate the wingbox by
45° in one second and the complete mechanism weighs 67 kilograms. The conical shape of the tube can be
manufactured using a combination of rolling the metal sheet and stir welding.

Figure 6: Hinge assembly

Final Design
The �nal design of ResQProp is based on a tiltwing concept with a novel wing design featuring an anhedral
layout offering control capabilities that are similar to those of a multi rotor. The design of the aircraft is
heavily requirement driven to allow it to ful�ll both ground footprint requirements ad offer suf�cient payload
space. The most important design aspects can be found in Table 5. The �nal design of the vehicle in shown
in Figure 7. The most important dimensions can be found in Figure 8 and Figure 9.
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Table 5: Most important design aspects

Parameter Value
MTOW [kg] 2600
Payload mass [kg] 456
Maximum mission radius
(round trip) [km]

60

Cruise speed [km/h] 200
Rate of climb [m/s] 5
Cabin volume [m^3] 11
Ground footprint [m] 12 x 6
Battery capacity [kWh] 155

Figure 7: ResQProp in cruise �ight con�guration

Figure 8: Dimensioned top view of the �nal design Figure 9: Dimensioned front view of the �nal design

Risk Management
To assess possible incidents that might occur during the operational life of the product, a risk management
analysis was performed. By considering all possible threats, we can effectively prevent or mitigate the risks
on time. After identifying the risks, the team established mitigation strategies, which are actions that pre-
vent the risks from occurring, as well as contingency strategies, ensuring that if a risk does occur, its impact
is minimized. Mitigation strategies may involve important design considerations or highlight the need for
maintenance and testing. These actions moved the risks outside of the high risk zone by decreasing the prob-
ability of their occurrence or their impact on the system or mission.

Sustainability
Sustainability of ResQProp has been assessed using the 3P-framework, which combines pro�t, planet and
people. It has been expanded including strategic risks as an additional measure of sustainability.

As shown in Figure 10, ResQProp falls between ambulances and helicopters for most sustainability mea-
sures. The most signi�cant sustainability improvement over helicopters is achieved in terms of greenhouse
gas emissions, where the ResQProp system offers an 85% reduction.
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Figure 10: Sustainability spider plot

Cost Breakdown
A cost analysis was performed to break down the costs for the subsystems and to �nd the total program cost,
the direct operational cost, and the retail price, followed by the return on investment. First, the cost was
estimated for the subsystems as shown in Table 14.6.

Table 6: Estimated eVTOL subsystem costs (in 2019 EUR)

Subsystem Estimated Cost ( " )

Propulsion System 390,000
Energy Storage (Battery) 136,500
Avionics and Flight Control 150,000
Airframe Structure 287,000
Total Estimated Cost 965,000

The total cost of ResQProp is the sum of all subsystem costs and the RDT&E cost divided by the total
production quantity. With a 5% margin included, the estimated unit cost is approximately " 1.9 million .

The operational cost for the ResQProp is estimated to be around 910 EUR in 2025; this number means
the cost of one �ight. Lastly, the pro�tability of the eVTOL was established. For this, comparisons were made
using the prices of existing medical helicopters, and the government budget for hospital infrastructure in
Bavaria was considered. The �nal retail price of the ResQProp is set at 2.5 million (2025 EUR). With this retail
price, the return on investment will be 32%, which indicates a highly favorable �nancial outcome for the
eVTOL investment.

Future steps
Until ResQProp can be taken to market, certain additional steps have to be performed in the future. These
include �nalizing the detailed eVTOL design until Q2 2026, Manufacturing prototypes until Q4 2026, Testing
them until Q2 2028 and certifying the design until Q2 of 2034. These steps will prepare the system for mass
production and market entry in 2036.
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1
Introduction

In this report, an eVTOL solution will be presented that �lls the gap between ground-based ambulances and
emergency helicopters in Central Europe. Focusing on rural communities in Bavaria, Germany, major chal-
lenges for the healthcare system can be identi�ed. These include arriving at the site of a medical emergency
within 15 minutes and transporting critical patients to the nearest capable hospital quickly. In the current
emergency architecture, ground ambulances and medical helicopters are used for medical emergencies in
remote villages in Germany. This creates a gap in the market, as medical helicopters are expensive, cramped,
and loud, both within the cabin and in the residential districts through which they operate. Cheaper ground
ambulances, on the other hand, are slow and rely heavily on the presence of direct and unclogged roads. The
ResQProp will offer the same response time as a medical helicopter, due to its ability to cruise at speeds of
200 km/h. It will be capable of transporting two medically trained staff to the site, as well as having the ability
to transport the patient back to the hospital. Furthermore, it will be able to operate in a service radius of 60
km from the hospital where it is stationed, allowing it to cover the whole state of Bavaria. Its operational cost
will be comparable to ground ambulances, therefore creating competition in the market.

From the baseline report, the mission scope, stakeholder needs, system-level requirements, and con-
cept generation for an affordable eVTOL ambulance in Central Europe were de�ned. This was followed by a
midterm report, which transitioned from conceptual understanding to a detailed design exploration. Mul-
tiple vehicle con�gurations were evaluated, and by comparing the concepts through both quantitative and
qualitative criteria, was able to converge to one single design con�guration to serve the purpose of this mis-
sion.

This report will present a detailed design of the ResQProp, as well as a complete picture of the market it
aims to operate in and future development considerations. It will begin by �rst researching the market gap
ResQProp is designed to �ll, as will be presented in Chapter 2. From the market analysis an understanding
what the eVTOL needs to provide follows. Then a mission pro�le and operations aspects such as infrastruc-
ture compatibility and communications, will be addressed in Chapter 3. In Chapter 4, a sustainable develop-
ment strategy will be presented. Subsequently, the design concepts and the �nal decision from the midterm
report will shortly be summarized in Chapter 5.

After this, the design of the ResQProp will truly commence. First in Chapter 6, the internal and external
layout of the eVTOL, along with an overview of the technical resource allocations, will be presented. Chapter 7
will explore the wing design, tail design, and surface controls. Chapter 8, will go on to present the choices
made in terms of powertrain systems, how resources are allocated, and a detailed propeller design. This is
followed by Chapter 9, which will explore the controls side of the operations, delving deep into the different
controllers required for cruise, transition, and hover �ight. Chapter 10 will explore the material selection for
different subsystems for eVTOL, design the wingbox of the wing, present a hinge design, and a conceptualize
the landing gear. To wrap up the detailed design, Chapter 11 will bring all the subsystems together to present
a complete picture of the ResQProp.

The detailed design is followed by a thorough risk assessment in Chapter 12, followed by the sustainability
assessment of the project in Chapter 13. In Chapter 14, a cost breakdown is presented. Chapter 15 reports
on the veri�cation and validation of the design, as well as an outline of which requirements have been sat-
is�ed. Lastly, the project design and development logic, followed by the production plan, which includes
manufacturing, assembly, and integration, is presented in Chapter 16.

1



2
Market Analysis

In this section, a market analysis will be conducted, starting from the broader European market and nar-
rowing down to Germany. The market gaps will be identi�ed in Section 2.1 and current competitors will be
analyzed in Section 2.2, along with a SWOT analysis (Strengths, Weaknesses, Opportunities, and Threats) used
to develop a comprehensive understanding of the competitive landscape. Then, a detailed cost and function
analysis will be performed to guarantee competitiveness with air and ground ambulances in Section 2.3.

2.1. Identi�cation and Analysis of Market Gap
In order to create a viable product, a market gap must be identi�ed. This not only helps with placing the
project in the �nancial landscape, but also provides the team with requirements and constraints that a useful
design should meet. From the mission need statement, it follows that the design should be able to reach
more places than a ground ambulance while being cheaper than a helicopter. These current capabilities can
be illustrated by emergency response time statistics shown in Figure 2.1.

Figure 2.1: Population living within 15 minutes driving time of a hospital, 2020 (%, by NUTS3 regions)[1]

Figure 2.1 shows how large parts of central and eastern Europe are more than 15 minutes from a hospital
by conventional ambulance. According to F. Rutten (personal communication, April 29, 2025), this has a
signi�cant impact on the chance of survival, making it vitally important to decrease the response time. This
is where eVTOL technology can be applied, as it can achieve higher velocities and �y shorter paths.

The most desperate regions will be evaluated in more detail. Desperate, here, will be de�ned as the highest
number of unreachable emergencies per area, as these regions would bene�t the most from a single eVTOL
with a �nite range. Note that this does not apply to metropolitan areas, as all locations in such regions are
typically reachable within a 15-minute driving range of a hospital. The number of emergencies per region
can be estimated from the population size and emergency rate per person, where the age has to be taken into
account, as emergency rates are much higher for the elderly [2].

2



2.1. Identi�cation and Analysis of Market Gap 3

Figure 2.2: Emergency incident rates increase by age [2]

These emergency rates are combined with the Eurostat population data [3], and multiplied by the per-
centage of unreachable emergencies per region. If the data is then normalized by area, it results in a new
map.

Figure 2.3: Annual number of emergencies not within 15 minutes of a hospital per square kilometer

From the worst 30 regions, the ones with a higher GDP per capita are selected as new technologies are
more likely to be adopted there. Once it is proven, other regions can also implement this solution. Each of
the 6 selected options is now assessed in more detail to derive operational requirements. For each region, all
hospitals in and around the region are marked, and a circle is drawn such that the entire land area is covered.
These circles then represent the required range of eVTOLs stationed at the hospital. This process is illustrated
by Figure 2.4.
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(a) Pontevedra and surroundings
(Range = 56 km)

(b) Fyn and Nordsjaelland
(Range = 48 km)

(c) Poznański and surroundings
(Range = 28 km)

Figure 2.4: Three of the selected regions with hospital locations and required eVTOL ranges

From these maps it becomes clear that almost all land area can be reached with a range of 50 km, so to
be able to return a patient, 100 km of range is needed. If the eVTOL wants to reach the majority of this area
within 15 minutes, it needs to �y at least 200 km/h. Some regions will still be more demanding, but with this
performance, the large majority is served. This is illustrated by Table 2.1.

Table 2.1: Speed and range requirements for the selected regions

Parameter Poznański Kerkyra Fyn Bavaria Pontevedra Stockholm
Total Range [km] 28 30 48 50 56 75
Flight Velocity [km/h] 112 120 192 200 224 300

For the rest of the market analysis, one region is chosen to save resources. As all regions are similar in
terms of criticality, Bavaria is selected for its average range requirements and good economy, which will make
it easier to implement a new technology. Once it has been tried and tested, the system can be introduced
in other regions as well. Based on an average number 4 daily emergencies per eVTOL from the examined
regions, a total number of around 7000 vehicles would be needed to serve all of the unreachable emergencies
in Europe.

2.2. Competitors
This section will investigate what current methods are used to save people in need of help. Information on
this is useful, as it might reveal �aws in the approach and give a guideline for the costs and performance
required to be competitive.

2.2.1. Market Value
According to HORIZON [4], the ambulance services market in Europe is expected to reach approximately
USD 19,341.1 million by 2030, with a projected compound annual growth rate (CAGR) of 8.8% between 2024
and 2030. This indicates a substantial market size and impressive annual growth. Focusing more speci�cally
on Central Europe, particularly Germany, the ambulance services market in Germany is expected to reach a
projected revenue of USD 3,450.5 million by 2030. A compound annual growth rate of 9.8% is expected for the
German ambulance services market from 2024 to 2030. This reveals a rapid growth rate and potential market
size, where more products need to �ll in the gap.

2.2.2. Stakeholder Identi�cation
Creating a stakeholder map is essential for the success of the project, since the product will be operated in a
highly regulated and competitive market. Maintaining the relationships with the stakeholders is thus critical
for both the acquisition of the product and its operational life.In Figure 2.5 the involved parties are identi�ed
and categorized.

The following entities can be observed:

1. Authorities/Policy Makers: These include the regulators of the air and medical spaces which dictate the
performance needs of the design.
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