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The Blended Wing Body (BWB) configuration is a hybrid shape with unique features capable to take
benefits from both flying wing and conventional aircraft. The poof of an unconventional concept confi-
guration requires flight tests and validation on small Flight Test Demonstrators, avoiding cost and risk
related to the use of a full scale model.
A first 7% scaled Unmanned Aerial Vehicle (UAV) for a new generation BWB aircraft, has been de-
signed and flight tested at the Center for Aerospace Research (CfAR), operating on unprepared grass
runways (GRS). The need to evaluate the UAV, fully controlled with an autopilot, even in the critical
phases of take-off and landing on concrete runways (CON), has required the design and integration of an
undercarriage system.
One of the main goals of the present thesis work is to carry out the design and development of a landing
gear for FTV7%, including the integration of the system into the aircraft and the ground testing and
mock-ups preparation for a wheeled flight test campaign.
In the process of scaling towards the faithfully representation of all the aspect that concern a full scale
aircraft, the design of the landing gear has been started in parallel, even for a new 16.5% scale, involving
some design similarities and the sizing of additional mechanical subsystems, such as dedicated suspension
and braking systems.
At last, the basic performance evaluation of the landing gears, designed for both FTV7% and FTV16.5%,
during take-off and landing, is presented highlighting the influence of some design parameters.
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1. Introduction

The main purpose of the present thesis work is to
carry out the design and development of both main
and nose landing gear for two different scales of
UAVs that represent a new generation blended wing
body business jet. For the smaller flight test vehicle
application, it is required that the landing gear ena-
bles the aircraft to be tested in a wheeled configu-
ration, with steering and braking capabilities linked
to the operational conditions of the selected airstrip
for testing. The landing gear has been designed,
manufactured and integrated with the airframe, in-
cluding many aspects of aircraft design, fabrication,
testing and analysis.

The undercarriage for the larger scale demonstra-
tor, instead, follows the general time-line and sche-
dule of other design teams of the aircraft and a
constant interchange of data and information has
been necessary for the development of a feasible

landing gear concept with all the required systems
and subsystems, including a dedicated suspension
in order to manage and dissipate the impact loads
developed on take-off and landing, and a detailed
braking system to stop the aircraft within a certain
distance.

The project also focuses on the design and deve-
lopment of custom test rigs in order to test the pro-
perties of the components used, as well as prove the
integrity and functionality of the designed Landing
Gear in both static and impact load case scenarios.

All the phases of the work have been accompanied
with the documentation containing all the technical
information of the landing gear, including compo-
nent list definition, CAD drawings, updated requi-
rement spreadsheets and support material for simu-
lations and testing.

At the end of the present thesis work, the reader
should be aware of all the unique challenges that
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the design of a landing gear offers, due to the mul-
tidisciplinary nature of the design process and the
necessity to evaluate structural behaviours and ge-
neral performances, since the phase of preliminary
design. He will be even conscious of all the neces-
sary ground mock-ups operations after the instal-
lation of a landing gear, that enable the wheeled
aircraft to be fully controlled, in all the phases of
flight, by an autopilot.

2. Guidelines for Landing Gear design

Since the functions fulfilled by the aircraft are ex-
tremely different, it becomes clear that each landing
gear represents an individual case, designed with
specific considerations and decisions regarding its
own application. However, the most variety of lan-
ding gear has the following major functions: allow
take-off and landing operations, provide stability for
ground maneuvering, transfer the ground loads to
the airframe, convert the longitudinal kinetic energy
in heat thanks to a braking system, damp the vi-
brations and bouncing developed upon impact and
take-off run operations.

The general approach for the design follows the
normative established by the FAR regulations and
typical considerations explained in the pillars of the
landing gear design like the references Roskam, Cur-
rey and Niu. [1] [2] [3] Anyway in most cases this
approach is not directly applicable for small scaled
aircraft where specific requirements and compromi-
ses between scaling process and UAV considerations
are necessary. [4]

2.1. Design keys and variables

All the keys and variables that generally influence
the landing gear design, from the beginning through
the whole iterative process, have been evaluated in
the first research phase and are explained schema-
tically as follows.

• Scale of the aircraft : Essentially the aircraft
scale can vary among small Radio comman-
ded planes to huge Commercial and Cargo air-
crafts. The specific operation condition of the
aircraft highly influences all the design decisi-
ons. [5]

• Type and complexity : The typical configura-
tion of a landing gear are tricycle, bicycle, tail-
wheel or unconventional gear and its complex-
ity is highly affected by the need or not of a
retraction system. The optimal landing gear
layout can be decided after an analytical hier-
archical process (AHP) of different options.

• Landing gear attachment : Usually the fuselage
attachment is preferred for small aircraft with
a fuselage wide enough to allow for the desired

wheel track, because it results in a lighter and
simpler solution. [6]

• Center of gravity position: the center of gra-
vity (C.G.) envelope influences the overall ge-
ometry of the system including the horizontal
and vertical location of the undercarriages.[7]

• Vertical Load ratio: The vertical load ratio be-
tween the nose and main landing gear affects
the position of the undercarriages with respect
to the center of gravity, as well as the structu-
ral components needed to manage the resulting
load distribution. Nominally a typical ratio is
8− 10% for the nose gear and 90− 92% for the
main gear. [1]

• Ground clearance: the height of the landing
gear should ensure a reasonable clearance bet-
ween the runway and all other parts of the ai-
rcraft in compressed position. The maximum
take-off rotation angle αTO should be less than
the clearance angle αc.

• Take-off rotation and tip-back/forward preven-
tion: the geometry of the landing gear is also
affected by the necessity to have a regular take-
off rotation and an adequate tip-back preven-
tion respectively during take-off and landing.
This is ensured if the angle between the cen-
ter of gravity position C.G. and vertical line
on the ground contact is at least equal to the
tip clearance angle αC and higher than 15◦. [2]

• Overturn prevention: The overturn of the ai-
rcraft during steering or cross-wind conditions
is prevented if the moment generated by the
aircraft weight about one of the main gear con-
tact, is higher than the moment generated by
the centrifugal force in ground turning maneu-
vers and the moment generated by the cross-
wind force. [1]

• Structural integrity : The maximum deflection
of the landing gear during impact loading, re-
presents a limit for the maximum track of the
main landing gear.

• Safety : It is important to consider from the
beginning of the design that a failure of any
landing gear parts does not represent a risk to
critical damage the airframe and system com-
ponents of the aircraft.

• Low cost and low weight : The use of compo-
nents off-the-shelf (COTS) is highly encoura-
ged in order to avoid the cost of custom design.
[8]

Depending on the scale, the UAV landing gear de-
sign can be considered in between Radio command
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small planes and ultralight aircraft. Since the sca-
led FTVs considered are a representation of an air-
craft that will necessitate a Federal Administration
Regulation (FAR) certification, some design choi-
ces and parameter definitions should be done refer-
ring to FAR 23 regulation, valid for normal, uti-
lity and aerobatic aircraft with maximum take-off
weight less than 12500lbs. The important design
parameters conditioned by the FAR regulations are
the rate of descent, ground reaction load factor and
definition of longitudinal spin-up loads developed
on the tires when they pass instantaneously from
zero velocity to the aircraft speed.

The FAR regulation states also the definition of
some testing procedures needed to certify the de-
signed landing gear. The structural integrity of the
landing gear, or equivalent sub-assemblies, needs to
be proved by specific drop Tests, with drop height
and equivalent weight calculated according to FAR
23.725. Shock absorber and tire’s performances
need to be verified by specific shock absorption
energy tests and speed rating tests.[9]

2.2. State of the art of landing gear for similar air-
craft applications

The two blended wing body FTVs considered can
be located among small radio commanded airpla-
nes, unmanned air vehicles and small ultralight ai-
rcraft applications. Figure 1 shows the weight and
speed range of similar aircraft applications that
have been considered as references for the under-
carriage design of both FTV7 and FTV16.5.

Figure 1: Landing gear application for several UAVs

The Skymaster RC jets represent the framework
of tires and wheels off-the-shelf solutions that can be
considered for aircraft with gross weight and speeds
similar to FTV7. The tricycle landing gear of the
Penguin C has been considered as a reference for
designing the custom leaf strut and the nose gear
strut for FTV7.

The shock absorbers and brake system, both from
bike applications, used on the experimental UAV X-
48 have guided some design decisions made for the
suspension and braking system of FTV16.5. The
wheel and tire solutions for the large scale demon-
strator aircraft have been selected from tailwheel
and nose applications of the two Thatcher CX4 con-

figurations.

3. Landing Gear Design and Development
for FTV7%

The first step required to start the design of a lan-
ding gear, for an already built aircraft, is to define a
list of core requirements, including the constraints
imposed by the systems that cannot be modified.

Five categories of essential requirements have
been selected to guide all the iterative design pro-
cess: general requirements for the landing gear, ai-
rcraft performance requirements, scaled-geometry
requirements and specific requirements for the main
gear and nose gear. Due to the interdisciplinary and
iterative nature of the design, most of the parame-
ters involved are interdependent and for this reason
they have been organized in an Excel spreadsheet,
then imported in Matlab for initial sizing, using a
parametric design approach. In this phase, it has
been useful to consider the real behaviour of the ai-
rcraft, already flight tested without undercarriages
at the Center for Aerospace research, during lan-
ding approach and touch-down in order to evaluate
in which range of impact the aircraft is used to ope-
rate.

3.1. Design and development of the main gear as-
sembly

The design has moved rapidly from scratch to solid
CAD modeling in SolidWorks and the final modeled
layout, with all the needed components, is shown in
figure 2.

Figure 2: CAD assembly of the designed main lan-
ding gear for FTV7

The main interesting feature of the main landing
gear is the possibility to move easily its location
depending on the center of gravity position. This
capability has been required in order to test the
working operation of the autopilot during take-off
and landing, varying the longitudinal C.G. envelope
from 56% to 66%. [10].

The structural stiffness of the main landing gear
is carried by the elastic behaviour of the strut leaf,
whilst the damping of the system is offered in the
most part by the pure inertial motion of the aircraft
and it is slightly increased by using additional rub-
ber cushion sheets in between the landing gear and
the skin of the airframe.
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The custom design phase of the leaf strut has
been a trade-off among the Coward methodology
described in [2], the list of requirements stated with
the stakeholders and the necessity to integrate the
strut with the airframe of FTV7 without internal
and external interferences. The manufacturing pro-
cess has included the procurement of Aluminum
7075 sheet, waterjet cutting of the designed flat pat-
tern, bending of the part and final heat treatment
according to the specifications ASM 2770-2658, in
order to restore ideally the initial material proper-
ties.

The main gear leaf strut has been tested firstly
with finite element (FE) simulations in SolidWorks,
as shown in figure 3, and then ground tested by me-
ans of Static tests to estimate the structural pro-
perties and Drop tests to verify the integrity of the
component when all the aircraft weight is acting on
the main gear in case of 3G impact landing, using a
simple leverage test rig with equivalent sand weight
in a bucket.

Figure 3: Structural FE simulations for the main
gear leaf strut designed for FTV7

Different landing cases have been simulated, con-
sidering as variable input the vertical rate of descent
and the drop height, calculated according to FAR
specifications. Some testing cases reproduce typi-
cal landings experienced by the previous flight tests
of FTV7 without undercarriages, with an average
developed impact acceleration that is in between
1.8G and 2.4G. The design loading case scenario,
according to regulations, corresponds to an average
impact acceleration of 3G: the resulting leaf strut
displacement (27 mm) is quite similar to the sca-
led down compression of the main landing gear, de-
monstrating that the main landing gear has been
designed in structural similitude with the full scale
aircraft.

3.2. Design and development of the Nose Gear As-
sembly

The second, but not less important, component of
a tricycle landing gear is the nose undercarriage as-
sembly. The design, procurement and production of
all the nose gear components, has followed the same
general approach as the main gear, evaluating and

testing off the shelf components whenever possible
and developing custom parts to enable the opera-
tion and integration with the aircraft. The CAD of
the front gear system is shown in figure 4.

Figure 4: CAD assembly of the designed nose gear
for FTV7

The nose gear functions for FTV7 are basically
accomplished by an assembly of aluminum parts,
helical springs inside the nose strut and rubber tire,
providing the required support and stiffness. The
steering ground maneuverability of the aircraft is
carry out by an electric servo that transfers the
electric power in motion to the front wheel thanks
to a shaft-coupler, horns and mechanical linkage.
Custom made components have been designed and
manufactured to attach the nose landing gear to
the airframe and provide the needed kinematics and
mechanics for steering maneuvers.

Additional components for the nose gear integra-
tion and for the implementation of the steering sy-
stem have been designed and manufactured, using
the mechanical machines provided in the shop at
the Center for Aerospace Research and in the me-
chanical laboratory of the University of Victoria.

The nose gear strut assembly, has been charac-
terized in terms of structural properties, through
static tests and drop tests, as shown in figure 5.

Figure 5: Testing of the Nose Gear strut assembly

The static tests have been performed using a test
rig mounted on an optical table, using a screw me-
chanism to increase loads from 0 to 30 kg, with 3
kg increment steps. The intensity of load applied

4



has been regulated by using a digital force gauge,
while the resulting displacements on the strut has
been registered using a digital caliper. The drop
tests have been implemented according to the FAR
regulations already used for the main gear testing,
with an equivalent weight corresponding to 10% of
the aircraft maximum take-off weight.

The stiffness properties of the nose gear assem-
bly is attribute to the internal double compression
springs, adjusted in order to have either soft perfor-
mances, to smooth the vibrations induced by tax-
iing over unprepared runways, and hard response
when required by high acceleration landings.

3.3. Integration of the designed Landing Gear with
FTV7%

Both Nose gear and Main gear systems have been
attached to the flat belly of the aircraft, as shown
in figure 6, through specific structural components
inside the front and the middle bay of the airframe.

Figure 6: Integration of Main and Nose landing gear
with FTV7%

Six attachment bolt connections are used to lo-
cate the main gear leaf strut in a three plate
junction that includes, besides the leaf itself, the
sandwich skin of the airframe and two internal atta-
chment plates inside the middle bay of the aircraft,
designed in order not to overload the skin of the
aircraft. The final design of the leaf flat surface in-
cludes three buttonholes in the areas where the ma-
terial is low stressed, in order to reduce the weight
of the landing gear and also to facilitate the inte-
gration with the engine electronic speed controllers
(ESC), that need to be ventilated for all the dura-
tion of the flight, and for this reason they must be
mounted over the main leaf strut.

The nose gear assembly is fixed to the flat belly
of the airframe, through the same bolt holes of
the launcher hook, used previously to catapult the
aircraft without undercarriages into the air. The
steering servo is attached, thanks to a designed 3D
printing support, to the front wall of the nose bay
and commands the steering motion through a shaft-
coupler, that passes through the skin of the aircraft
and is connected to the mechanical linkage compo-
nents of the assembly.

4. Ground mock-ups and flight test planning
for FTV7%

Once the landing gear have been installed, speci-
fic ground mock-ups and testing of the wheeled ai-
rcraft are required, in order to tune the autopilot
settings and parameters to control the aircraft in all
the phases of flight, including take-off and landing.

4.1. Ground mock-ups
The first operation is the trimming and balance of
the aircraft for each position of the main landing
gear and so for C.G. in the range 56% ÷ 66% of
the mean aerodynamic chord. To test the effective
mass and balance at the specific center of gravity
position, the aircraft is lifted and pivoted about a
steel rod support, attached to the middle bay at the
corresponding c.g. position.

The inertia properties of the aircraft with under-
carriages are estimated with Bifilar Pendulum tes-
ting where the aircraft is pivoted using a specific jig
with variable fiber lengths, depending on the inertia
property to test (pitch, yaw and roll configuration).

The autopilot ground maneuverability of the ai-
rcraft is guaranteed by a careful nose gear servo
mapping. The operation is accomplished sending
and tuning specific pulses from the ground station,
that is connected to the autopilot, to the electric
servo and using a goniometer to check the angular
position of the nose gear with respect to the neutral
position. The response of the steering system to the
autopilot pulse input results to be almost linear if
the selected range of steering ability is limited to
small degrees (+14◦/− 14◦).

The thrust control parameters for the aircraft
with undercarriages are set by a thrust mapping
with a procedure similar to one used for the steering
system. The aircraft is placed on ground and con-
nected through a rope to a load cell, that registers
the effective thrust commanded by the autopilot.

4.2. Ground testing
The goal of the ground tests is to verify the perfor-
mance of the aircraft with landing gear in all the
phases that precede the flight, with the intention to
make, if necessary, improvements on the undercar-
riages, suggested by the conditions of the runway.
FTV7 with undercarriages has been ground tested
on the runway where the aircraft is supposed to
take-off and lands, in Merrit - Douglas Lake (Ca-
nada).

An initial taxiing testing has reveled compromi-
sed yaw authority of the autopilot due to significant
play in the coupling between the steering shaft and
linkage horns of the nose steering system, caused
by uneven conditions of the runway. As tempo-
rary solutions it has been decided to add a drop of
cyano-acrylate glue in order to reinforce the clamp
fit, even though design improvements on the steer-
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ing mechanical components have been planned and
ultimated after the ground test campaign.

The aircraft has been tested even in a full take-off
run, with the goal to tune the PID parameters of
the autopilot in order to control and maintain the
aircraft aligned with the centerline of the airstrip.
The operational bumpy conditions of the runway
has suggested to increase the size of tires to 25%
more, in order to help the aircraft to be not out of
control during all the take-off run sequence.

4.3. Flight test planning

The aircraft, with the improvements on the landing
gear adopted after the ground testing results, is now
ready to be flight tested even in a rough and bumpy
airstrip. The new inertias of the aircraft with a
new set of tires and steering components, can be
estimated using the parallel axis theorem, removing
the contribution of the previous components from
the values obtained after a bifilar pendulum test
and taking into account the new values.

The planning of a flight test campaign, in particu-
lar regarding the implications on the landing gear,
is described through the following steps:

1. Full take-off operation of the wheeled aircraft
in autopilot mode, with ground station offi-
cer (GSO) ready to control the aircraft if so-
mething goes not as expected.

2. Flight of the aircraft in autopilot mode, along
a flight path based on the endurance and flight
requirements agreed with the stakeholders.

3. Landing of the aircraft on the same airstrip
used for take-off.

4. Check the aircraft conditions after the full ope-
rational flight.

5. Analyze all the flight test log data relevant for
the landing gear using the Flight Data Post-
Processing software.

6. Use all the processed data to redesign compo-
nents, if necessary, and to make decisions on
the landing gear design for the larger flight test
demonstrator 16.5%.

5. Landing Gear design for FTV16.5%

The design of the new generation BWB aircraft has
moved from the 7% to a bigger 16.5% model in the
process of scaling towards to a flight test vehicle
that is faithfully representative of the full scale air-
craft. The landing gear system for an aircraft with
size and weight of FTV 16.5 is not readily available
form radio commanded aircraft or ultralight appli-
cations, so it has to be designed and produced from
scratch.

5.1. Design process for FTV16.5%

The design of the landing gear system for a new big
scale aircraft is a self-contained project that pas-
ses through all the typical design phases, but at
the same time it requires close collaboration among
all the different design team, including airframe, si-
zing, recovery system, propulsion, flight control and
aerodynamics.

The first approach is to define a project charter
that tracks all the functions required to the final
product and some basic requirements, agreed with
the stakeholder, in order to guide all the design pro-
cess. In addition to the all aspect involved in the
design of the landing gear for FTV7, presented in
section 3, the design for a bigger scale UAV requires
the development of a suspension system, dedicated
for the shock load management, and braking system
to stop the aircraft within the length of the runway.
The project is also focused on the development of
specific Test rigs that allow the testing of the inte-
grity and functionality of the designed landing gear.

The undercarriage design is a multidisciplinary
process that requires the use and interaction of dif-
ferent softwares. The basic features of the landing
gear are defined using Excel spreadsheets and Mat-
lab sizing tools. The next step is to translates the
initial layout of the landing gear in solid CAD mo-
deling. Once the design is refined, FE simulation
tools can be used to evaluate the responses of the
landing gear to simulated loading cases. The design
is then optimized and evaluate in the contest of the
full aircraft, by using Simulink models, ground tes-
ting and integration checks.

5.2. Conceptual Design

In the first conceptual phase of the project the de-
signer is faced with a variety of possible configu-
rations for the most important component of the
main and nose gear and their attachment with the
airframe. As done for FTV7, the design guideline
has been to use, where possible, off the shelf compo-
nents (COTS) in order to reduce the complexity and
cost of the design work. At this stage the landing
gear designer is aware of the ground tests needed to
prove the structural integrity and functionality of
the selected components and if necessary, redesign
parts and adjustments.

The main gear concepts regard essentially the ex-
ternal and internal layout configuration. A fuselage
attachment represents the preferred layout since the
loads developed on the landing gear are carried di-
rectly to the internal fuselage bulkhead, through an
internal suspension system. The most interesting
internal layout are sketched in figure 7.
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Figure 7: Sketches of the concepts for the internal
layout configuration of the Main Landing Gear.

The first configuration results in an efficient and
simple kinematics with the possibility to easily inte-
grate a crush-worthy attachment plate in common
for the shock absorbers of the two main gears. The
second option presents an additional linkage com-
ponent that increases the motion ratio and so the
effectiveness of the suspension system, but at the
same time it adds complexity and another failure
point. The third possibility requires low internal
space and easy integration inside the fuselage, even
if the allowed wheel travel is reduced and it requi-
res cut-outs on the fuselage to allow the strut leg to
rotate in loading conditions.

The most conditioning design variable for the
nose gear conceptual design is the type of configu-
ration. The concepts considered at this stage are
shown in figure 8.

Figure 8: Sketches of the concepts for the nose lan-
ding gear for FTV16.5

The first possibility is a traditional nose landing
gear with a straight-vertical strut mounted directly
on the wheel axle, a setup that guarantees a direct
load path to the airframe supports. This solution
is the simplest and cheapest, but the rebound and
compression control is exclusively attributed to the
shock absorber, that for this reason needs to have
enough stiffness and damping properties to dampen
all the vibrations and dissipate the related energy.
A valid alternative is represented by a trailing link
solution, sketched in the concept 2. It is made
essentially by an L-shaped flexible arm ahead the
wheel with the shock absorber disposed in a certain
angle with respect to the vertical line. In a trailing
link connection, the link itself represents an extra
shock absorber and contributes to smooth the vi-
brations caused by hard landing and rough runway
surface, whilst the shock absorber is responsible to
manage the first vibrations induced by landing.

The test rig concepts, involved since the first
phase of conceptual design, regard shock absorber
and speed rating tests, to prove the feasibility of the
selected concept and off-the-shelf components used,
and drop tests for the full assemblies.

Due to the high cost of a shock dynamometer
test, the first approach to verify the feasibility of
the shocks has been to design a custom test rig with
a simple leverage mechanism, to be mounted on the
precision optical table in CfAR shop. The outlined
design sketch and the relative main components are
shown in figure 9. The simple test can be used
to obtain curves load-deformation of the shock ab-
sorber, depending on different setups of the inside
pressure that condition damping and stiffness pro-
perties.

Figure 9: Test rig for standard bicycle shock absor-
bers.

The speed rating test rig can be designed as a
trailer for the truck provided in CfAR in order to be
easily installable and removable. The basics of the
speed rating test rig, including the trailer fork, sup-
port plate and the pivot points needed, are shown
on the left of figure 10. The drop test rig, sketched
on the right of the figure, mainly requires a beefy
support for sliding the double adjustable plate, that
represents the support to attach the main landing
gear and to apply the distributed mass. The bottom
plate has two cut-outs in order to allow the vertical
motion of the struts during impact loading. The
double plate before being dropped is connected to
the test rig support with hooks and steel ropes with
adjustable length according to the required drop
height.

Figure 10: Concepts for Speed rating and Drop Test
Rigs.
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5.3. Preliminary Design
In the preliminary design phase, the landing gear
concept is chosen and the design activity becomes
more analytical and detailed. The designer starts to
procure and evaluate the off-the-shelf components
available in the market and to integrate them into
the design. This phase of the project is highly in-
fluenced by the design of other systems of the air-
craft and so it is important to define a design space
for the landing gear inside the airframe, in order
to avoid all the possible interferences with other
components. Mechanical subsystems (braking and
steering systems) and the preliminary design of all
the needed structural components are carried out.
At the end of the preliminary design stage it is ex-
pected that all the landing gear components, with
the basic features defined, are placed in CAD and
integrated with the airframe design.

The concept selected for the main gear assembly
and its solid CAD model is illustrated in figure 11.
The basic leverage suspension represented, inclu-
des FOX Float DPS 6.5” × 1.5”, selected because
of its high availability, low cost and the possibi-
lity to change the setup of stiffness and damping
before each flight, depending on the runway condi-
tions. The wheel assembly has been selected from
tailwheel applications, because it fulfills the scaled
requirements of FTV16.5 and it’s the simplest and
cheapest solution to integrate into the design.

Figure 11: Concept selected for the Main Gear as-
sembly

The solid model for the nose gear assembly,
shown in figure 12, contains the preliminary brac-
kets that delineate the trailing link suspension in-
cluding the same type of shock absorber selected for
the main gear, but smaller in size (5.5” × 1”). The
wheel assembly has been selected from big RC jet
applications, due to the high quality of rubber plus
foam of the tire and because it has a 25% more of
the scaled down size, that can help to achieve faster
the take-off run aircraft speed conditions and ab-
sorb the oscillation induced by the runway, thanks
to the inner core designed for low bouncing. The
steering system represented is a pulley-belt mecha-
nism, selected for its adjustability and relatively
ease to be integrated by using standard compo-
nents.

Figure 12: Concept selected for the Nose Gear as-
sembly

6. Basic performance evaluation of aircrafts
with a landing gear system

The behaviour of the aircraft on ground in most of
the cases is not linear, mainly due to the complex-
ity of the landing gear in order to absorb energy on
landing and dampen vibrations during the ground
maneuverability. Dynamic loads are developed and
their determination is important to evaluate the
performance of the landing gear and aircraft itself.
The basic dynamic response has been evaluated, for
both FTV7 and FTV16.5 equipped with the under-
carriages designed, in terms of heave response du-
ring taxiing and landing.

6.1. Taxiing response
The taxiing response considered in this thesis work,
is concerned to the entire phase of ground mo-
vements towards to the straight line motion on
ground before the final take-off, without including
braking and turning that are considered as separate
operations. The dynamic calculations and simpli-
fications used, follow the rational criteria that are
common used for the design of landing gear for big-
ger aircraft, in order to meet the certification requi-
rements described in [11].

During taxiing the non linear response of the air-
craft in terms of heave and pitch motion, is mostly
due to the non linearity of the runway, modeled
in figure 13. In order to empathize the irregula-
rities of the ground on the dynamic response, the
landing gear has been modeled as a simple linear
spring/damper system. The reaction on the un-
dercarriages has been evaluated considering the ai-
rcraft as a rigid body, the worst case scenario in
terms of induced vibrations and bouncing on the
ground. [12]

Figure 13: Aircraft taxiing operation over a 1-cosine
modeled runway
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The system of second order differential equations,
exemplified in equation 1, describes the two heave
z and pitch θ degrees of freedom in the longitudinal
motion of the aircraft during taxiing when it en-
counters a bump with height h and rate of change
ḣ. The equivalent mass, damping and stiffness ma-
trices depend on the position of the nose and main
gear with respect to the aircraft C.G. and equivalent
linearized stiffness and damping for the main and
nose gear. The right term of the equation contains
the non linear irregularities of the runway.

[
M̃
]{z̈

θ̈

}
+
[
C̃
]{ż

θ̇

}
+
[
K̃
]{z

θ

}
= F

(
h, ḣ

)
(1)

The heave acceleration response of the nose and
main landing gear, for the two flight test demon-
strators is respectively shown in the graphs a and
b of figure 14.

Figure 14: Vertical acceleration during taxiing over
a 1-cos dip runway for the FTV7 and FTV16.5

The maximum values of accelerations induced to
the landing gear, are respectively 0.55g for FTV7,
registered on the nose gear when it encounters the
bump, and 0.63g for FTV16.5, on the first rebound
of the nose gear due to the nose gear shock absorber
recoil. The peaks registered are a measure of the
rebound control performed by the landing gear: for
FTV16.5 the heave motion is completely damped
in 5 peaks within 1.5 seconds, while the motion is
not properly damped for the FTV7 since no specific
damping components are used.

6.2. Landing response

Landing is the most critical phase for both lan-
ding gear and airframe design, because a significant
amount of energy needs to be dissipate. The lan-
ding gear, on a landing dynamic analysis, needs to
be considered non linear due to the non linear na-
ture of impact. A simple representation of the air-
craft on a 2-point touch-down on the main landing
gear can be modeled as in figure 15.

Figure 15: Aircraft model at landing

The model is described by the system of dynamic
equations 2, where zM and zT are the heave degrees
of freedom measured respectively at C.G. location
and on the tire, fNL is the non linear function of
stiffness and damping of the shock absorber depen-
ding on the displacement zSA and speed żSA, KT

is the linearized stiffness of the tire and VTD is the
design vertical rate of descent at the instant before
the touch down.


mz̈M + fNL (zSA, żSA) +mg − L = 0

mz̈T − fNL (zSA, żSA) +KT zT = 0

żM (0) = żT (0) = VTD

(2)

The vertical displacement time-history response
for both main landing gear of FTV7 and FTV16.5,
registered on a design 3G landing, are illustrated in
figure 16.
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Figure 16: Vertical displacement on a 3G landing
for the main gear of FTV7 and FTV16.5

The wheel travel registered on the landing gear
of FTV7 (25mm) is quite similar to the one obtai-
ned in the ground drop test (27.4mm). In the case
of FTV16.5, the displacement consequent to impact
landing, is distinguished between the wheel travel
and piston’s motion of the shock absorber. The
large wheel travel registered is due to the nature of
the suspension system finalized to have the maxi-
mum gear displacement controlled by the shock ab-
sorber’s stroke.

7. Conclusions
The design and development of a fully operative
landing gear from scratch, applied in this work for
two different scales of UAVs, lead to several causes
for reflection that highlight the complexity related
to the experimental design. The nature of Unman-
ned Aerial Vehicles and their applications require
iterations, ground testing and eventual redesign of
components in order to improve and optimize the
final layout and behaviour of the landing gear.

Both FTV7% and FTV16.5% applications, evi-
dence that the landing gear design for flight test
demonstrators of new generation aircrafts, goes far
beyond merely scaling down the size of the full scale
concept. The design, for both aircraft, has been
conditioned by cost, weight, availability and manu-
facturability constraints.

The specific design of the landing gear for the
small scale FTV underlines the challenges to inte-
grate a new system into an already built airframe,
especially because the available space inside the
bays of the aircraft has not been designed to house
the internal components of the nose steering system
and attachment plates of the main gear leaf strut.

Once the landing gear has been installed into the ai-
rframe new ground mock-ups have been needed in
order to validate the behaviour of the aircraft with
undercarriages on the runway, and improve the de-
sign of some components (tire size and horns for
the steering system), before proceeding straight to
a flight test.

The design of the undercarriages for FTV16.5%
shows up that the landing gear is not a ”Cinde-
rella subject” but, in some cases, it becomes a sig-
nificant design driver, influencing the external and
internal layout of the airframe since the initial pha-
ses of conceptual and preliminary design of a new
aircraft. Therefore close collaborations with the ot-
her design teams of the aircraft (airframe, recovery
system, control system) is necessary along all the
crucial design decisions, avoiding possible interfe-
rences and inconsistencies.
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