5> Trends in Technical
& Scientific Research
ISSN: 2641-8355

Review Article
Volume 5 Issue 1 - March 2021
DOI: 10.19080/TTSR.2021.05.555651

» Juniper

. _Ikey to the Researchers

Trends Tech Sci Res
Copyright © All rights are reserved by Bettina Mrusek

Vertical Takeoff and Landing (VTOL) Small
Unmanned Aircraft Systems (sUAS)

Bettina Mrusek*
College of Aeronautics, Embry-Riddle Aeronautical University-Worldwide, USA
Submission: January 12, 2021; Published: March 10, 2021

*Corresponding author: Bettina Mrusek, College of Aeronautics, Embry-Riddle Aeronautical University-Worldwide, USAia

Abstract

Technology has paved the way for a variety of applications for unmanned aircraft systems. Vertical takeoff and landing (VTOL) small,
unmanned aircraft systems (sUAS). VTOL sUAS aircraft are capable of vertical operation and include rotary, fixed-wing, and hybrid systems
which incorporate both rotary and fixed-wing characteristics. There are many advantages to these aircraft, given their size and maneuverability.
They are rapidly deployable, do not require the use of a runway, and are capable of translation flight (slow, fast, lateral, etc.). From an industry
perspective, there are many applications and uses for these aircraft. In the agriculture industry, these aircraft can be used for aerial mapping and
digital imaging. They are also useful in the construction of bridges or buildings, as they can travel to locations which are difficult or unsafe for
humans. However, in today’s aviation industry, there is a significant emphasis placed on sustainable aviation. Those aircraft that do not fall into
this category may not reap the full benefits of today’s aviation market. While traditionally, VTOL small, unmanned aircraft were not fuel efficient,

advances in technology have created many opportunities for this platform, including electric motors and ultimately, enhanced fuel efficiency.
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Vertical Takeoff and Landing Small Unmanned
Aircraft Systems

There are many types of unmanned aircraft platforms and each
has its own unique purpose and applicable mission sets (Austin,
2010). Vertical takeoff and landing (VTOL) small, unmanned
aircraft systems (sUAS) platforms, for example, have many
practical industry applications [1,2]. In the agriculture industry,
these aircraft can be used for aerial mapping and digital imaging.
They are also useful in the construction of bridges or buildings,
as they can travel to locations which are difficult or unsafe for
humans. They are unique, given that they can achieve lift without
the requirement of a runway. To understand the full range of
applications and future uses for these aircraft, the evolution of
VTOL unmanned aircraft, as well as a review of the operational
characteristics common to these aircraft will be explored. Current
uses for these aircraft will also be included in the evaluation, from
both recreational and commercial perspectives.

There are many clear advantages to this aircraft platform, such
as their ability to rapidly deploy and translational capabilities.
However, they are limited by their fuel efficiency and reduced range
[3,4]. While these limitations may seem insignificant, considering
the emphasis placed on aviation and aircraft sustainability [5], the

fuel consumption rates of this platform may hinder its potential
for future growth. This paper will review the VTOL platform, while
examining its strengths and weaknesses to determine the extent
of the fuel efficiency problem.

History

Before discussing the evolution of a specific sUAS platform, it
is necessary to first understand how and when these aircraft were
first used. While the Wright brothers introduced the world to
manned aviation, using a powered aircraft [6], the first report of an
unmanned aircraft was during the Battle of Fleurus in 1794 when
French forces used a balloon to observe the battlefield [4]. The
benefits of such a system were soon realized and the applications
of these aircraft grew. By the 1990’s, the use of unmanned aircraft
by military forces had grown tremendously. They were no longer
simply observation systems, they were fitted with cargo, torpedos,
and flares and were incredibly beneficial in battle.

As the technology of UAS grew, the shift from tactical to
practical use became evident. These systems were smaller and
more manageable than ever before, which paved the way for
recreational and commercial use [4]. As such, several platforms
of unmanned aircraft arose, such as fixed-wing, rotary-wing, and
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VTOL. While this list is by no means inclusive, they do represent unmanned aircraft, both small and those larger than 55 pounds
three of the most common commercial off the shelf types. will be presented. The introduction of VTOL unmanned aircraft
dates to the early 1960’s and progressed into the 1970’s and
80’s as the technology of these systems became more advanced
[5]. Figure 1 depicts the number of unmanned VTOL commercial
platforms developed between 1960 and 2012.

With an understanding of how unmanned aircraft evolved,
a deeper understanding of a single platform type, VTOL, will
be discussed. Although the focus of the paper is on small VTOL
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Figure 1: Unmanned VTOL commercial platform systems that were developed between 1960 and 2012 [7].
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Operational Characteristics rotary-wing mechanisms, while others are fixed-wing type

designs that are capable of vertical operations. Hybrid systems are
also prevalent, which include both rotary and fixed-wing aspects
(Figure 2).

In this next section, the different operational characteristics
of VTOL aircraft will be explored. It is important to note that the
design of VTOL aircraft can vary widely. Some systems include
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Figure 2: Yamaha RMAX VTOL aircraft applying pesticide/herbicide (Yamaha Motor Australia, n.d.).
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Airframe

While the airframe for a VTOL unmanned aircraft may exhibit
similar characteristics of other fixed-wing or rotary-wing aircraft,
the difference lies in its ability to generate thrust without the need
for arunway [4,7]. Configurations for the airframe consist of single
or multiple propellers, which are strategically placed in order
to achieve the desired lift [8]. The placement of the propellers
depends on the intent for the aircraft. For example, the below image
depicts a Yamaha RMAX VTOL aircraft. The design is like modern
helicopters, where a single, large propeller is used to generate lift.
This type of aircraft can be used in precision agriculture to apply
pesticides or herbicides. In addition to single propeller designs,
VTOL airframes can also include quad-copter configurations. The
use of four (or more) propellers allows the aircraft to achieve lift
similarly to the single propeller but allow for enhanced mobility
[9]. The below image is an Aeryon Scout VTOL aircraft.

Powerplant Configurations

The airframe design and powerplant configuration of an
aircraft is ultimately what allows it to achieve and sustain flight.
The powerplant is the mechanism that is used to attain flight,

which is, again, supported by the airframe design. While small
unmanned powerplant versions are quite different than the
engines of manned aircraft jets, the intent remains the same.
It is a source of power which allows the aircraft to fly. However,
VTOL aircraft are unique since they must achieve vertical lift
using propellers and a powerplant source [10]. This is in stark
contrast to aircraft that use a runway to assist in the generation
of thrust. These propellers support the upward motion of the
aircraft via electric or internal combustion methods. Many sUAS
VTOL aircraft utilize electric energy sources given that they are
often much lighter than traditional combustion mechanisms.
Larger VTOL UAS, however, may use smaller internal combustion
engines. Common propeller and powerplant configurations for
VTOL aircraft include collective rotor, variable-pitch propellers,
and fixed-pitch propellers [4]. While all three work according to
the same basic principle of powerplant mechanics, some allow
for a change in the pitch of the propeller controls, as with the
variable-pitch. The fixed pitch, however, is the simplest of the
three. It maintains a specific, controlled rotation, normally in line
with manufacturer’s specifications. The type of powerplant rotor
used is determined by the type of VTOL aircraft (Figure 3).

s ™
Figure 3: Aeryon Scout VTOL aircraft. (Aeryon Scout, n.d.).
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Sensors sensors that can perform various functions, many of which are

There are many sensor packages that are available for VTOL
unmanned aircraft platforms. When these aircraft first emerged in
the marketplace, they were limited in terms of payload, meaning
that only a few sensors could be used [7]. Today, however,
advances in technology have resulted with small, lightweight
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compatible for VTOL aircraft. For example, Precision Hawk, a
leading manufacturer for small, unmanned aircraft, has an array
of sensor packages to complement any aircraft platform, including
VTOL. Hyperspectral, video, visual, thermal, multispectral, and
LiDAR are just some of the sensors available today [2].
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Ground Support Equipment

In addition to sensors, another important consideration is
the equipment needed to operate the aircraft. Some may require
multiple personnel and/or equipment. Advances in technology
have made this process much smoother for unmanned aircraft,
compared to their manned counterparts. VTOL small, unmanned
aircraft typically require an operator, mobile device or computer,
and the aircraft itself [4]. Because of the size of the aircraft,
many can be easily, and safety flown by a single user. A main
consideration in this process is the ability to maintain visual line
of sight, which is required by the Federal Aviation Administration
(FAA) under Title 14, Part 107 [11]. The low altitude limitations
of this aircraft make maintaining line of sight easier than other,
higher altitude aircraft.

Operations, Missions, and Current Uses

VTOL unmanned aircraft have proven especially useful in
several industries including precision agriculture, emergency
response, and infrastructure. Each of these industries presents
a specific demand and need for VTOL aircraft. In precision
agriculture, for example, these aircraft can be used to gather
information related to crop health and vegetation saturation
levels [2]. Emergency response personnel may need to conduct an
aerial assessment of an accident to best allocate resources; VTOL
aircraft can be maneuvered quickly and efficiently to provide real-
time data to responders [2]. Finally, workers in the infrastructure
industry may need to conduct an aerial view of a potential project
or gain access to a hard to reach or even hazardous environment.
VTOL aircraft have the capabilities to safely enter these areas,
providing crew members with critical information [12]. The
applications for these aircraft are endless.

Strengths and Weaknesses

This section will bring relevance to the previous sections by
reviewing VTOL sUAS strengths and weaknesses. While there are
many applications for these aircraft, it is important to distinguish
its advantages and disadvantages. Some designs are more
appropriate than others, depending on the use.

Strengths

The strengths of a particular aircraft are an important
consideration for any pilot or operator. The practical use of the
aircraft itself lie in its specific capabilities. For VTOL aircraft,
advantages include a smaller launch and recovery area, its
rapid deployability, and its translational capabilities. Each of
these abilities make this aircraft an optimal choice for certain
industries, such as precision agriculture, emergency response,
and transportation. For example, the ability to launch an aircraft
vertically, and without the requirement of runway, make these
aircraft incredibly attractive for farmers. It allows them to gather

555651. DOI: 10.19080/TTSR.2021.05.555651

aerial images without the burden of launching a manned aircraft,
which often require a runway. For those that work in emergency
response, the ability to rapidly deploy an aircraft is essential.
VTOL aircraft easily fit this need. They can be rapidly deployed
to dangerous areas that may be difficult for humans to reach.
The final noted advantage to VTOL aircraft lies in their ability
to achieve translational flight. They can easily move fast, slow,
longitudinal, and laterally [2]. VTOL aircraft are also equipped to
hover when needed. This is especially important for those that
work in the transportation and infrastructure industries. They can
fly VTOL aircraft into spaces that are dangerous or hazardous to
workers. The use of certain sensors, such as video cameras allows
workers to examine certain areas without having to enter them.

Weaknesses

Just as the strengths of an aircraft design are contemplated,
the same can be said for the consideration of weaknesses or
limitations. Depending on the intent for use of an aircraft, some
weaknesses may be worthwhile. Others, however, may not.
Disadvantages of the VTOL aircraft platform include fuel efficiency,
airspeed limitations, and lower operational altitude capabilities.
Given the recent emphasis on aviation and aircraft sustainability
[5,13], fuel efficiency rates are a critical consideration for not
only VTOL aircraft, but all platforms. Given the unique power
requirements of VTOL aircraft, fuel efficiency rates are not quite
as good as their traditional fixed or rotary-wing counterparts [3].
However, for small UASs, those that are less than 55 pounds, the
problem is not as significant. For larger VTOL aircraft that employ
turbofan engines, fuel efficiency can be a challenge.

In addition to fuel efficiency challenges, VTOL aircraft also fly
slower and at lower altitudes than other platforms. This is partly
due to the design of the aircraft and its ability to achieve vertical
takeoff. However, these disadvantages are often outweighed by
the lack of a runway. Speed or high latitudes may not be a high a
priority as vertical takeoff. In precision agriculture, for example,
lower speeds and altitudes are often needed in order to obtain
aerial images.

Future Uses and Conclusion

The future of VTOL unmanned aircraft is largely fueled by
innovative technologies. Advances in robotics, remote sensing, and
aviation sustainability have directly contributed to improvements
in the design and function of these aircraft. What were once
viewed as limitations are now technological breakthroughs.
For example, 3W International and A-techSYN, an unmanned
aircraft manufacturer, recently developed an electric engine for a
VTOL aircraft. The new engine will increase range and payload,
while consuming much less energy [14]. Therefore, while there
are distinct disadvantages to the VTOL platform, notably in the
application of aviation and aircraft sustainability, researchers and
engineers are working to address these shortfalls. As these key
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areas within the aviation industry (robotics, remote sensing, and
aviation sustainability) continue to advance, the resulting impact
on the segment of unmanned systems will undoubtedly reap the
benefits. Overall, the VTOL platform provides unique opportunities
for several industries through its airframe and powerplant design,
which in turn are complemented by its available sensor packages.
The true benefits of this aircraft platform are evident. How it will
evolve over the next decade is yet to be seen, but future projections

appear bright [15-17].
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